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Question 15-1: 

Please provide the assessment for the parameters, initial conditions, and single failures used in 
various transients and accidents to support the values and sequence of events assumed in 
each event that would lead to the most conservative results with respect to each acceptance 
criteria. 

Response to Question 15-1: 

The transient and accident analysis results presented in Chapter 15 of the U.S. EPR FSAR Tier 
2 represent the limiting cases for the acceptance criteria for each event.  The limiting cases for 
each event will be summarized in revised and new tables that include the acceptance criteria 
evaluated.  The limiting cases were derived from a spectrum of cases that reflect the range of 
possible allowed operating conditions (including shutdown modes), availability of offsite power, 
variation of event-specific parameters (e.g., break size), and possible single failures.  Each 
transient and accident section will be modified to include a discussion of the process for 
selection and the technical basis for the values supporting the limiting case.   

FSAR Impact: 

U.S. EPR FSAR Tier 2, Chapter 15 will be revised as described in the response and indicated 
on the enclosed markup. 

U.S. EPR FSAR Tier 2, Table 15.0-5, Table 15.0-6, and Table 15.0-11 will be revised as 
described in the response and indicated on the enclosed markup. 

U.S. EPR FSAR Tier 2, Table 15.0-62 and Table 15.0-63 will be added as described in the 
response and indicated on the enclosed markup. 
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Question 15-2: 

Confirm that each of the transient and accident analyzed has been assessed against multiple 
acceptance criteria including specified acceptable fuel design criteria (SAFDL), the maximum 
primary pressure, maximum secondary side pressure, and the minimum departure from 
nucleate boiling ratio (MDNBR). 

Response to Question 15-2: 

Each transient and accident analyzed has been assessed against the criteria identified in U. S. 
EPR FSAR Tier 2, Table 15.0-2 for anticipated operational occurrences (AOO) and postulated 
accidents (PA).  Generally, one criterion is dominant for a given transient or accident.  In those 
cases where more than one criterion could be challenged, each applicable criterion is 
specifically analyzed.  A table will be added to the U.S. EPR FSAR Tier 2, Section 15.0 that 
identifies which criteria are addressed for each transient and accident and the resulting limiting 
case.  The limiting cases have been derived from a spectrum of cases evaluating initial 
conditions, a range of event-specific parameters (e.g., break size), availability of offsite power, 
and various single failures of challenged equipment.  

FSAR Impact: 

U.S. EPR FSAR Tier 2, Chapter 15 will be revised as described in the response and indicated 
on the enclosed markup. 

U.S. EPR FSAR Tier 2, Table 15.0-62 and Table 15.0-63 will be added as described in the 
response and indicated on the enclosed markup. 
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Question 15-3: 

Please extend the tables shown in chapter 15.0 to show for each transient and accident the 
limiting power, temperatures, flows, levels, scram reactivity, reactivity coefficients, heat transfer 
coefficients, and degree of SG tube plugging. 

Response to Question 15-3: 

U. S. EPR FSAR Tier 2, Table 15.0-6 will be modified to include scram reactivity. 

New Table 15.0-63 will added to U. S. EPR FSAR Tier 2, Section 15.0 to reflect—for each 
transient and accident—the remaining limiting parameters listed in Question 15-3 above.  In 
addition, a discussion on pellet-to-cladding heat transfer coefficients will be added to U. S. EPR 
FSAR Tier 2, Section 15.0.0.3.1. 

FSAR Impact: 

U.S. EPR FSAR Tier 2, Section 15.0 will be revised as described in the response and indicated 
on the enclosed markup. 
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Question 15-4: 

Please provide in the analysis section of each transient and accident the technical bases to 
demonstrate that the limiting single failure is selected.  Specifically state the physical bases.  
Consider each acceptance criteria and show that the limiting single failure is selected for each 
acceptance criteria ( for example minimum DNBR, peak RCS pressure, and peak secondary 
side pressure may differ with the single failure assumed in the analysis.) 

In addition to providing an explanation in each section of the SAR please include the information 
in a summary table in section 15.0 of the SAR. 

Response to Question 15-4: 

Each analysis section of U.S. EPR FSAR Tier 2, Chapter 15 will be modified to include a 
discussion of the technical basis in order to demonstrate that the limiting single failure is 
selected.  U. S. EPR FSAR Tier 2, Table 15.0-11 will be modified to include a summary of this 
information.   

FSAR Impact: 

U.S. EPR FSAR Tier 2, Chapter 15 will be revised as described in the response and indicated 
on the enclosed markup. 

U.S. EPR FSAR Tier 2, Table 15.0-11 will be revised as described in the response and 
indicated on the enclosed markup. 
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Question 15-5: 

Please provide in the analysis section of each transient and accident the technical bases to 
demonstrate that the limiting analysis conditions are selected.  Specifically state the physical or 
phenomenological bases with respect to  1) why retention or loss of offsite power is limiting, 2) 
why beginning or end of cycle is limiting, 3) why HFP or HZP or an intermediate power is 
limiting. Consider each acceptance criteria and show that limiting conditions are selected for 
consideration of each criteria ( for example minimum DNBR, peak RCS pressure, and peak 
secondary side pressure may differ with limiting analysis conditions.) 

In addition to providing an explanation in each section of the SAR include the information in a 
summary table in section 15.0 of the SAR. 

Regulatory basis: SRP acceptance criteria instructs the reviewer to verify “whether the 
event evaluation considers single failures, operator errors, and performance of 
nonsafety-related systems consistent with the RG 1.206 regulatory guidelines. 

RG 1.206, C.I.15.6.2 Sequence of Events and Systems Operation states 
“The applicant should discuss the following considerations for each initiating event:…” 

Response to Question 15-5: 

Each transient and accident section in U.S. EPR FSAR Tier 2, Chapter 15 will be modified to 
include a discussion of the process for selection and the technical bases for the values 
supporting the limiting cases.   

FSAR Impact: 

U.S. EPR FSAR Tier 2, Chapter 15 will be revised as described in the response and indicated 
on the enclosed markup. 
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Question 15-6: 

For each transient and accident describe the specific S-RELAP model if it is different from the 
generic base model. It appears that some transients have been evaluated using a single 
channel core while other transients have used a multiple core channel model. Please provide 
directly or by reference a description of the S-RELAP 5 model including nodalization used in 
non-LOCA asymmetric calculations. 

Response to Question 15-6: 

The U.S. EPR FSAR Tier 2, Chapter 15 transient and accident analysis used the following five 
different S-RELAP models depending on the event modeled and whether the event response 
was symmetrical.   

• Non-LOCA 

• MSLB split core 

• Non-LOCA split core 

• Small break LOCA 

• Large break LOCA 

The non-LOCA S-RELAP model is used for the majority of the non-LOCA transients and 
accidents where the nuclear steam supply system (NSSS) response is symmetrical.  The model 
nodalization is described in Figures 5-1, 5-2, and 5-3 of ANP-10263PA (Reference 1) and in 
EMF-2310 (Reference 2).  For the Chapter 15 analysis, the equally split downcomer flow area 
assumed for the hot- and cold-side steam generator (SG) secondary model has 
been replaced with the actual flow areas.  Also, the pressurizer is connected to loop 3 instead of 
loop 1 to be consistent with the U.S. EPR designation. 

The main steam line break (MSLB) split core model is used for MSLB events where the broken 
loop cold leg feeds a separate sector of the core.  The model nodalization is described in 
Figures 5-4 and 5-5 of ANP-10263PA (Reference 1) and in EMF-2310 (Reference 2). 

The non-LOCA split core model is used for non-LOCA events whose response is asymmetric.  
The model used is a variation of the MSLB and non-LOCA models, and is used for the 
feedwater flow increase event.  The non-LOCA core model is modified by portioning the single 
channel core into a two-channel arrangement with no crossflow or mixing.  Loop 4 is designated 
as the affected loop.  It is similar to the MSLB model except: 

1. The protruding rod cluster control assembly (RCCA) region is lumped with the rest of the 
affected sector (loop 4). 

2. The upper head region is not sub-divided since upper head voiding is not expected as it 
is with the MSLB. 

3. The upper head temperature initialization flow path of the non-LOCA model is retained, 
but partitioned between the affected and unaffected regions. 
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The small break and large break LOCA each have their own unique model and nodalization, as 
developed and approved as part of each specific methodology.  The small break model is 
described in EMF-2328(P)(A) (Reference 3), ANP-10263PA (Reference 1), and ANP 10291P 
(Reference 5).  The large break model is described in EMF-2103(P)(A) (Reference 4).  The 
small break nodalization diagram is shown in Figures A-1, A-2, A-3, and A-4 of ANP-10291P 
(Reference 5), while the large break nodalization diagram is in Figures 4.3 and 4.4 of EMF-
2103(P)(A) (Reference 4).  

References: 

1. AREVA NP document ANP-10263PA, “Codes and Methods Applicability Report for the 
U.S. EPR,” August 2006. 

2. AREVA NP document EMF-2310(P)(A), “SRP Chapter 15 Non-LOCA Methodology for 
Pressurized Water Reactors,” Revision 1, June 2004.  

3. AREVA NP document EMF-2328(P)(A), “PWR Small Break LOCA Evaluation Model, S-
RELAP5 Based,” March 2001. 

4. AREVA NP document EMF-2103(P)(A), “Realistic Large Break LOCA Methodology for 
Pressurized Water Reactors,” August 2001.  

5. AREVA NP document ANP-10291P, “Small break LOCA and Non-LOCA Sensitivity 
Studies and Methodology Technical Report,” November 2007. 

FSAR Impact: 

The U.S. EPR FSAR will not be changed as a result of this question. 
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Question 15-7: 

In computing the reactor power for the transients analyzed in Sections 15.1 through 15-6, 
provide the decay heat curve used to calculate the total core thermal power.  Specify the model 
that was used to calculate the decay power curve along with any assumptions made.  Use a 
logarithmic scale over an appropriate range to display this quantity  

(SRP 15.2.1-15.2.5 Section III.6.A, 15.2.6 Section III.5.A, 15.2.7-15.2.8 Section III) 

Response to Question 15-7: 

The decay heat curve used to calculate the total core thermal power varies between the LOCA 
events and the non-LOCA events.  For the small break LOCA the 1973 ANS Standard plus 20 
percent is used, as prescribed by 10 CFR Part 50 Appendix K and as described in AREVA NP 
document EMF-2328(P)(A), “PWR Small break LOCA Evaluation Model, S-RELAP5 Based,” 
March 2001.  For the realistic large break LOCA the ANS 1979 Standard is used as described in 
AREVA NP document EMF-2103(P)(A), “Realistic Large Break LOCA Methodology for 
Pressurized Water Reactors,” August 2001.  The non-LOCA transients utilize the 1973 ANS 
Standard with a multiplier of one.  

The curves are plotted in Figure 15-7-1 below.  

Figure 15-7-1—Decay Heat Curves Used in Safety Analysis 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FSAR Impact: 

The U.S. EPR FSAR will not be changed as a result of this question. 
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Question 15.01.01 - 15.01.04-5: 

Figure 15.1-7 shows the SG pressure exceeding the MSRIV setpoint of 1384 psia. Explain why 
the MSRTs did not actuate. If the MSRTs did actuate it would result in all 4 SGs blowing down 
until the MSRCVs close.  Please present the analysis results of such a scenario. 

Regulatory basis: SRP 15.1.1-15.1.4, p. 3. “The reviewer reviews the values …for 
conformance to plant design.” 

Response to Question 15.01.01 - 15.01.04-5: 

The analysis presented in U.S. EPR FSAR Tier 2, Section 15.1.1 was conservatively performed 
with the main steam relief train (MSRT) pressure control setpoints set at a high pressure of 
1414.7 psia (nominal setpoint of 1384.7 psia plus an uncertainty of 30.0 psi; see U.S. EPR 
FSAR Tier 2, Table 15.0-8).  The higher MSRT setpoint did not allow the MSRTs to actuate for 
the analysis presented in the FSAR.    

An additional scenario was analyzed setting the MSRT pressure control setpoint to a low 
pressure of 1354.7 psia (nominal setpoint pressure of 1384.7 psia minus an uncertainty of 
30.0 psi).  For this scenario, the MSRTs do actuate, resulting in all four steam generators (SG) 
blowing down until the mains steam relief control valves (MSRCV) close on low SG pressure. 

The results from the low MSRT pressure setpoint scenario (low MSRT setpoint, RAI case) are 
overlayed with the high MSRT pressure setpoint scenario (FSAR case) in Figure 15.01.01 - 
15.01.04-5-1 through Figure 15.01.01 - 15.01.04-5-6.  When the MSRTs actuate (low MSRT 
setpoint, RAI case) at approximately 25.4 seconds, all four SGs blowdown until the MSRCVs 
close on low SG pressure at 63.6 seconds (Figure 15.01.01 - 15.01.04-5-1, SG Secondary 
Pressure and Figure 15.01.01 - 15.01.04-5-2, MSRT Flows).  Because the opening and closing 
of the MSRTs occur after the low departure from nuclear boiling ratio (DNBR) trip at 15.59 
seconds, there is no effect on the reactor power response between the two cases 
(Figure 15.01.01 - 15.01.04-5-3).  The RAI analysis case results in a lower pressurizer pressure 
(Figure 15.01.01 - 15.01.04-5-4), lower primary cold leg temperatures 
(Figure 15.01.01 - 15.01.04-5-6), and a lower pressurizer level (Figure 15.01.01 - 15.01.04-5-5) 
than for the U. S. EPR FSAR case.   

The RAI analysis case shows no change in safety margin from the FSAR case because the 
MSRT actuation occurs after the low DNBR trip.  

FSAR Impact: 

The U.S. EPR FSAR will not be changed as a result of this question. 
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Figure 15.01.01 - 15.01.04-5-1—Decrease in Feedwater Temperature – 
Secondary System Pressure 
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Figure 15.01.01 - 15.01.04-5-2—Decrease in Feedwater Temperature – MSRT 
Flows 
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Figure 15.01.01 - 15.01.04-5-3—Decrease in Feedwater Temperature – 
Reactor Power 
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Figure 15.01.01 - 15.01.04-5-4—Decrease in Feedwater Temperature – RCS 
Pressures 
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Figure 15.01.01 - 15.01.04-5-5—Decrease in Feedwater Temperature – 
Pressurizer Levels 
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Figure 15.01.01 - 15.01.04-5-6—Decrease in Feedwater Temperature – Cold 
Leg Temperatures 

 
 

 



AREVA NP Inc. 
 
Response to Request for Additional Information No. 34 Supplement 2 
U.S. EPR Design Certification Application Page 17 of 43 
 
 
Question 15.01.01 - 15.01.04-9: 

Figure 15.1-18 shows the SG pressure exceeding the MSRIV setpoint of 1384 psia. Explain why 
the MSRTs did not actuate. If the MSRTs did actuate it would result in all 4 SGs blowing down 
until the MSRCVs close.  Please present the analysis results of such a scenario.  

Regulatory basis: SRP 15.1.1-15.1.4, p. 3. “The reviewer reviews the values …for conformance 
to plant design.” 

Response to Question 15.01.01 - 15.01.04-9: 

The analysis presented in U.S. EPR FSAR Tier 2, Section 15.1.2 was conservatively performed 
with the main steam relief train (MSRT) pressure control setpoints set at a high pressure of 
1414.7 psia (nominal setpoint of 1384.7 psia plus an uncertainty of 30.0 psi; see U.S. EPR 
FSAR Tier 2, Table 15.0-8).  With the higher MSRT setpoint, the MSRTs actuate at 214 
seconds for the analysis presented in the updated FSAR (see U.S. EPR FSAR Tier 2, Table 
15.1-6 from RAI 15-1). 

An additional scenario was analyzed setting the MSRT pressure control setpoint to a low 
pressure of 1354.7 psia (nominal setpoint pressure of 1384.7 psia minus an uncertainty of 
30.0 psi).  For this scenario, the MSRTs actuate earlier than the FSAR analysis (195.7 seconds 
compared to 214 seconds). 

The results from the low MSRT pressure setpoint scenario (low MSRT setpoint, RAI case) are 
overlayed with the high MSRT pressure setpoint scenario (FSAR case) in Figure 15.01.01 - 
15.01.04-9-1 through Figure 15.01.01 - 15.01.04-9-6.  When the MSRTs actuate (low MSRT 
setpoint, RAI case) at approximately 195.7 seconds, all four steam generators (SG) blowdown 
until the main steam relief control valves (MSRCV) close on low SG pressure at 234.6 seconds 
(Figure 15.01.01 - 15.01.04-9-1, SG Secondary Pressure and Figure 15.01.01 - 15.01.04-9-2, 
MSRT Flows).  Because the opening and closing of the MSRTs occur after the high SG level 
trip at 188.7 seconds, there is no effect on the reactor power response between the two cases 
(Figure 15.01.01 - 15.01.04-9-3).  The RAI case analysis results in a lower pressurizer pressure 
(Figure 15.01.01 - 15.01.04-9-4), lower primary cold leg temperatures 
(Figure 15.01.01 - 15.01.04-5-6), and a lower pressurizer level (Figure 15.01.01 - 15.01.04-9-5) 
than for the U. S. EPR FSAR case.   

The RAI case analysis shows no change in safety margin from the FSAR case because the 
MSRT actuation occurs after the high SG level trip. 

FSAR Impact: 

The U.S. EPR FSAR will not be changed as a result of this question. 
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Figure 15.01.01 - 15.01.04-9-1—Increase in Main Feedwater Flow – SG 
Pressures 
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Figure 15.01.01 - 15.01.04-9-2—Increase in Main Feedwater Flow – MSRT 
Flows 
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Figure 15.01.01 - 15.01.04-9-3—Increase in Main Feedwater Flow – Reactor 
Powers 
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Figure 15.01.01 - 15.01.04-9-4—Increase in Main Feedwater Flow – RCS 
Pressures 
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Figure 15.01.01 - 15.01.04-9-5—Increase in Main Feedwater Flow – 
Pressurizer Levels 
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Figure 15.01.01 - 15.01.04-9-6—Increase in Main Feedwater Flow - Cold Leg 

Temperatures 
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Question 15.01.05-4: 

The EPR is designed to have a constant Tavg for power levels above 60%. Explain how it was 
determined that intermediate power levels do not present a more challenging initial condition. 

Response to Question 15.01.05-4: 

As shown in U.S. EPR FSAR Tier 2, Figure 4.4-7—Average RCS Temperature vs. Core Power, 
the average coolant temperature increases from 578°F at 0% power to 587°F at 25% power.  It 
remains 587°F from 25% power to 35% power.  Between 35% power and 60% power, it 
increases from 587°F to 594°F.  It remains 594°F between 60% power and 100% power.  To 
bound this average coolant temperature programming, the spectrum of post reactor trip main 
steam line break (MSLB) cases included cases at 0% power, 25% power, 60% power, and 
100% power.  The spectrum of cases is included in the response to RAI Question 15.01.05-2 
(ADAMS Accession No. ML082740368). 

FSAR Impact: 

The U.S. EPR FSAR will not be changed as a result of this question. 
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Question 15.02.01-15.02.05-1: 

Section 15.2.2.4 states that the radiological consequences of the turbine trip event are bounded 
by the inadvertent opening of an MSSV event described in Section 15.1.4.   The approach of 
comparing one event to another in different event type  (Heat up transients vs cooldown 
transients) requires more justifications since the assumptions, initial conditions and other plant 
conditions for different type of events will not provide same base line for comparisons.  For each 
type of events, please identify the most limiting case with respect to all acceptance criteria 
within the group of events in the same event type.   

Note: The approach of comparing events with different types has been used in many cases in 
the EPR DC application. 

Regulatory basis: SRP acceptance criteria instructs the reviewer to verify “whether the event 
evaluation considers single failures, operator errors, and performance of nonsafety-related 
systems consistent with the RG 1.206 regulatory guidelines. 

Response to Question 15.02.01-15.02.05-1: 

Anticipated operational occurrences (AOO) are events for which the best-estimate frequency of 
occurrence is greater than 10% per year.  The dose acceptance criteria for such events are 
defined in the as low as reasonably achievable (ALARA) regulations in 10 CFR 50, Appendix I, 
and correspond to the summation of radioactive releases during normal operation and the 
annual average radioactive releases due to AOOs, based on realistic assumptions.  The 
radiological consequence evaluation for an AOO addresses an event that results in the largest 
amount of radioactive releases to the environment and bounds any other AOO. 

The AOO radiological evaluation addresses the radiological impact associated with a main 
steam safety valve (MSSV) failure event.  The analysis considers the radioactivity released to 
the atmosphere as a result of the entire inventory (primary leakage and secondary coolant) of 
the affected steam generator, as well as plant cooldown via steam generator steaming for the 
other three intact steam generators.  The sources of radiation are the secondary-side coolant as 
well as RCS leakage to the steam generators.  The receptors of interest (adult, teen, child, and 
infant) are assumed to be 0.5 mile from the release point for the event duration (8 hrs), and for a 
year thereafter (exposed to the inhalation, ingestion, air submersion, and ground-shine 
pathways).  The atmospheric dispersion is based on annual-average meteorology.  The worst-
case organ dose was determined to be to the infant thyroid, due mostly to the ingestion of goat 
milk and resulting in 0.79 mrem dose (about 5% of the 10 CFR Appendix I dose objective of 15 
mrem), based on the ICRP-30 dosimetric models incorporated in the definition of the dose 
conversion factors.  This result is based on very conservative assumptions, such as the 
presence of the entire ingestion pathway at the 0.5 mile exclusion area boundary (EAB) from 
the release point. 

The assumptions that all radioactive releases are to the environment and the entire ingestion 
pathway is at the EAB are conservative for all AOOs.  The limiting case with respect to the 
various acceptance criteria for each event within a group of events is summarized in  U.S. EPR 
FSAR Tier 2, Table 15.0-62 provided in the response to RAI Question 15-2. 
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U.S. EPR FSAR Tier 2, Section 15.2.4.4 will be changed to show that the inadvertent closure of 
the main steam isolation valves event is bounded radiologically by the inadvertent opening of a 
MSSV event. 

FSAR Impact: 

U.S. EPR FSAR Tier 2, Section 15.2.4.4 will be revised as described in the response and 
indicated on the enclosed markup. 
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Question 15.02.08-4: 

For transients analyzed in Sections 15.2.1 through 15.2-8, provide the decay heat curve used to 
calculate the total core thermal power.  Specify the model used to calculate the decay power 
curve along with any assumptions made.  Use a logarithmic scale over an appropriate range in 
displaying this quantity (SRP 15.2.1-15.2.5 Section III.6.A, 15.2.6 Section III.5.A, 15.2.7-15.2.8 
Section III) 

Response to Question 15.02.08-4: 

This question is addressed in the response to RAI Question 15-7. 

FSAR Impact: 

The U.S. EPR FSAR will not be changed as a result of this question. 
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Question 15.03.03-15.03.04-1: 

Provide plots showing the total reactivity as well as each individual reactivity component used in 
computing the reactor power for the reactor transients analyzed in Sections 15.3.1 through 
15.3.4.  Provide those quantities as function of time (SRP 15.3.1-15.3.2 Section III, SRP 15.3.3-
15.3.4 Section III). 

Response to Question 15.03.03-15.03.04-1: 

AREVA NP will revise U.S. EPR FSAR Tier 2 to provide the requested reactivity information in 
Figure 15.3-13—Partial Loss of Forced Reactor Coolant Flow Event – Reactivity, Figure 15.3-
16—Complete Loss of Forced Reactor Coolant Flow Event – Reactivity, and Figure 15.3-19—
Reactor Coolant Pump Rotor Seizure Event – Reactivity. 

FSAR Impact: 

U.S. EPR FSAR Tier 2, Figure 15.3-13, Figure 15.3-16, and Figure 15.3-19 will be added as 
described in the response and indicated on the enclosed markup. 

 



AREVA NP Inc. 
 
Response to Request for Additional Information No. 34 Supplement 2 
U.S. EPR Design Certification Application Page 29 of 43 
 
 
Question 15.03.03-15.03.04-4: 

Explain how the core inlet temperature is computed and used in the determination of the DNBR 
criterion for the reactor transients presented in Sections 15.3.1 through 15.3.4.  Provide a plot of 
this parameter for each individual transient (SRP 15.3.1-15.3.2 Section III, SRP 15.3.3-15.3.4 
Section III). 

Response to Question 15.03.03-15.03.04-4: 

The core inlet temperature for each of the U.S. EPR FSAR Tier 2, Section 15.3 events is 
computed by S-RELAP5 as the lower plenum fluid temperature (see Figure 5-3 of ANP-
10263PA, “Codes and Methods Applicability Report for the U.S. EPR.”   

The anticipated operational occurrence (AOO) events (complete and partial loss of flow 
described in the standard review plan (SRP) sections 15.3.1-15.3.2, in particular 15.3.2) incur 
the greatest change in departure from nucleate boiling ratio (ΔDNBR).  The complete loss of 
coolant flow ΔDNBR (plus margin) forms the basis for the DNBR limiting condition for operation 
(LCO) as described in ANP-10287P, Revision 0, “Incore Trip Setpoint and Transient 
Methodology for the U.S. EPR Topical Report.”  The core inlet temperature, core exit pressure, 
core inlet mass flux, and fuel rod surface heat flux calculated by S-RELAP5—in conjunction with 
the axial power shape that provides the greatest ΔDNBR—are used as a basis for the ΔDNBR 
methodology, as described in ANP-10287P, Revision 0.   

Similarly, the postulated accident (PA) events (reactor coolant pump rotor seizure and reactor 
coolant pump shaft break described in the standard review plan (SRP) sections 15.3.3-15.3.4) 
use the core inlet temperature and other relevant parameters with the core thermal-hydraulic 
computer code LYNXT to determine the minimum DNBR in a manner described in the response 
to Question 15.03.03-15.03.04-5.   

U.S. EPR FSAR Tier 2, Sections 15.3.1.3, 15.3.2.3, and 15.3.3.3 each state that the “Core inlet 
temperature is used in the determination of DNBR.”  While true, this parameter alone does not 
provide sufficient information to evaluate DNBR due to the fluid transport time and the rapid 
nature of the 15.3 transient events.  Thus, the statement, “Core inlet temperature is used in the 
determination of DNBR,” is removed for clarity.   

AREVA NP will revise the U.S. EPR FSAR Tier 2 to provide plots of the core inlet temperature 
as a function of time in Figure 15.3-15—Partial Loss of Forced Reactor Coolant Flow Event – 
Core Inlet Temperature, Figure 15.3-18—Complete Loss of Forced Reactor Coolant Flow Event 
– Core Inlet Temperature, and Figure 15.3-20—Reactor Coolant Pump Rotor Seizure Event – 
Core Inlet Temperature. 

FSAR Impact: 

U.S. EPR FSAR Tier 2, Figure 15.3-15, Figure 15.3-18 and Figure 15.3-20 will be added as 
described in the response and indicated on the enclosed markup. 
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Question 15.03.03-15.03.04-5: 

Provide a plot that shows the computed DNBR criterion as well as the DNB margin available as 
function of time for the reactor transients presented in Section 15.3.1 through 15.3.4 (SRP 
15.3.1-15.3.2 Section III, SRP 15.3.3-15.3.4 Section III). 

Response to Question 15.03.03-15.03.04-5: 

Partial and Complete Loss of Forced Reactor Coolant Flow Events (Sections 15.3.1 and 
15.3.2) 

As described in the response to Question 15.03.03-15.03.04-4, the complete loss of forced 
reactor coolant flow exhibits the greatest change in departure from nucleate boiling ratio 
(ΔDNBR).  To provide representative DNBR plots and DNBR margin for partial and complete 
loss of forced reactor coolant flow as a function of time, the minimum DNBR calculated by the 
low DNBR channel algorithm is normalized to the DNBR specified acceptable fuel design limit 
(SAFDL).  The available margin is represented by the distance from the normalized DNBR line 
to the 1.0 line. 

Additionally, the line indicated as “LPD” is the maximum linear power density (LPD) calculated 
by the high LPD channel algorithm.  This value is normalized to either the fuel centerline melt 
(FCM) or cladding strain limits (whichever is more limiting), including all applicable uncertainties.  
For anticipated operational occurrences (AOO) events, the limiting LPD of cladding strain is 
more restrictive and is therefore used to provide the normalized LPD.  The LPD SAFDL is 
designed to protect both the FCM and cladding strain limits, as discussed in ANP-10287P, 
Revision 0, “Incore Trip Setpoint and Transient Methodology for the U.S. EPR Topical Report.”   

AREVA NP will revise the U.S. EPR FSAR Tier 2 to provide representative plots of the DNBR 
as a function of time for the partial and complete loss of forced reactor coolant flow events in 
Figures 15.3-14 (Partial Loss of Forced Reactor Coolant Flow Event – Representative DNBR 
and LPD) and 15.3-17 (Complete Loss of Forced Reactor Coolant Flow Event – Representative 
DNBR and LPD), respectively.  The minimum DNBR and maximum LPD are normalized to their 
respective SAFDL for the partial and complete loss of forced reactor coolant flow events.  This 
shows that the DNB limiting condition for operation (LCO), in conjunction with the plant 
protection trips and other LCO functions, are adequate to prevent violation of the SAFDLs. 

Reactor Coolant Pump Rotor Seizure and Broken Shaft Events (Sections 15.3.3 and 
15.3.4) 

The reactor coolant pump rotor seizure and broken shaft events are postulated accidents (PA).  
Analysis of the reactor coolant pump rotor seizure shows that violation of the DNB SAFDL 
occurs within the first second of the event initiation.  Because computed DNBR data are not 
meaningful after exceeding the critical heat flux, the plots of DNBR as a function of time are not 
provided.  

The postulated accident events described in SRP Section 15.3.3 and 15.3.4, reactor coolant 
pump rotor seizure and shaft break events, are evaluated with a conservative fuel failure 
analysis.  The reactor coolant pump rotor seizure event has more severe flow degradation than 
the broken shaft event.  Therefore, the most limiting rotor seizure event is analyzed for fuel 
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failure.  A transient LYNXT model, including uncertainties described in U.S. EPR FSAR Tier 2, 
Section 4.4.4.5.2, is used for a conservative evaluation of the DNBR SAFDL.  Rod failure by 
DNB is evaluated by comparing the rod average linear heat generation rate (LHGR) of a given 
fuel rod to the minimum rod average LHGR required for DNB. 

DNB propagation is precluded by demonstrating that the difference between the rod internal 
pressure and the system pressure is not large enough to cause cladding ballooning or rupture, 
thereby preventing flow constrictions in the adjacent subchannels that would lead to reduced 
fuel rod heat removal capacity.  Fuel failure propagation due to DNB is determined by 
evaluating the internal pressure of the fuel rods using the fuel rod design computer code 
COPERNIC, described in the U.S. EPR FSAR Tier 2, Section 4.2.3.3.1.  If at any point of the 
transient a rod’s internal pressure is greater than the system pressure, the entire fuel rod 
assembly is assumed to fail by DNB.  Evaluation of the most limiting fuel rod internal pressure 
shows that fuel failures do not propagate to the surrounding rods in an assembly.  It is 
determined that a total of eight percent of the fuel rods experience fuel failure due to DNB. 

Clarification on the methods used to determine fuel failures is shown on the enclosed markup 
for U.S. EPR FSAR Tier 2, Section 15.3.3.2. 

FSAR Impact: 

U.S. EPR FSAR Tier 2, Section 15.3.3.2 will be revised as described in the response and 
indicated on the enclosed markup. 

U.S. EPR FSAR Tier 2, Figure 15.3-14 and Figure 15.3-17 will be added as described in the 
response and indicated on the enclosed markup.   
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Question 15.03.03-15.03.04-6: 

Provide a comparison between the maximum core local heat flux and the core average heat flux 
shown in Figures 15.3-3, 15.3-7 and 15.3-12 (SRP 15.3.1-15.3.2 Section III, SRP 15.3.3-15.3.4 
Section III). 

Response to Question 15.03.03-15.03.04-6: 

U.S. EPR FSAR Tier 2, Figures 15.3-3, 15.3-7, and 15.3-12 show normalized core average heat 
flux as a function of time for the partial loss of forced reactor coolant flow, complete loss of 
forced reactor coolant flow, and reactor coolant pump rotor seizure events.  

The core average heat flux for each of the U.S. EPR FSAR Tier 2, Section 15.3 events is 
computed by S-RELAP5.  The hot channel heat flux is calculated by multiplying the core 
average heat flux by the maximum radial peaking factor. The “maximum core local heat flux” 
presented here is the hot channel heat flux normalized to the core average heat flux at event 
initiation.  Figures 15.03.03-15.03.04-6-1, 15.03.03-15.03.04-6-2, and 15.03.03-15.03.04-6-3 
provide representative plots of the core average heat flux and the hot channel heat flux as a 
function of time through each of the 15.3 events. 

FSAR Impact: 

The U.S. EPR FSAR will not be changed as a result of this question. 
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Figure 15.03.03 -15.03.04-6-1—Partial Loss of Forced Reactor Coolant 
Flow – Representative Core Average and Hot Channel Heat Flux  
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Figure 15.03.03-15.03.04-6-2—Complete Loss of Forced Reactor Coolant 

Flow – Representative Core Average and Hot Channel Heat Flux 
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Figure 15.03.03-15.03.04-6-3—Reactor Coolant Pump Rotor Seizure – 

Representative Core Average and Hot Channel Heat Flux  
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Question 15.03.03-15.03.04-7: 

Plot governing thermal hydraulic quantities that enter into the DNBR calculation such as, but not 
limited to, local mass flow rate and heat flux for the reactor transients in Sections 15.3.1 through 
15.3.4 (SRP 15.3.1-15.3.2 Section III, SRP 15.3.3-15.3.4 Section III). Explain the applicability of 
the DNBR correlation to the range of the relevant parameters. 

Response to Question 15.03.03-15.03.04-7: 

For this question, the applicability of the departure from nucleate boiling ratio (DNBR) 
correlation refers to the applicability of the critical heat flux (CHF) correlation.  For the current 
U.S. EPR fuel assemblies, there are two CHF correlations:  ACH-2 from ANP-10269PA, 
Revision 0, “The ACH-2 CHF Correlation for the U.S. EPR Topical Report” and BWU-N from 
BAW-10199P-A, Revision 0, “The BWU Critical Heat Flux Correlations.”  Table 15.03.03-
15.03.04-7-1 shows the combined range of applicability of both CHF correlations. 

The governing parameters for the CHF correlation are pressure, mass velocity, quality, and the 
geometry where CHF occurs.  The following explains the applicability of each parameter to the 
CHF correlations for the 15.3 events: 

• Pressure:  The minimum and maximum pressure for the 15.3 events is 2147 psia and 2396 
psia respectively.  These are within the range of applicability for both the ACH-2 and BWU-N 
CHF correlations. 

• Mass Velocity:  The maximum mass velocity is not a concern during the 15.3 events 
because these events consist of a decrease in forced flow.  The minimum applicable mass 
velocity for the ACH-2 is more restrictive than the BWU-N correlation and is conservatively 
used as the lower limit for licensing analyses.  The low range of applicability for the ACH-2 
mass velocity is approximately 36 percent of the nominal core inlet flow rate.  It is apparent 
from the reactor coolant system flow rates in the U.S. EPR FSAR Tier 2, Figures 15.3-1, 
15.3-5, and 15.3-9 that the core inlet flow rate does not decrease below 36 percent until well 
after the reactor trip setpoint is reached.  Therefore, applicability of the CHF correlations with 
respect to the mass velocity is valid for the 15.3 events. 

• Quality:  The maximum exit quality calculated in the limiting 15.3 event is less than 22 
percent.  This is less than the ACH-2 CHF correlation limit of 37 percent. 

The ACH-2 correlation includes two additional factors:  

1. The fuel rod heated length for the ACH-2 CHF correlation is applicable to the U.S. EPR 
heated length.   

2. The guide tube outer diameter is applicable for the U.S. EPR HTP (high thermal 
performance) spacer grid. 

The fuel rod outer diameter, grid spacing, and fuel rod pitch for the ACH-2 CHF correlation are 
applicable to the U.S. EPR fuel design.  The BWU-N CHF correlation is applicable to the non-
mixing U.S. EPR HMP (high mechanical performance) spacer grid. 
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Table 15.03.03-15.03.04-7-1—CHF Correlation Local Condition Range of 

Applicability 

 Pressure 
(psia) 

Mass Velocity 
(Mlb/hr-ft2) Quality 

ACH-2 284 – 2565 0.945 – 3.164 N/A – 0.37 

BWU-N 788 – 2616 0.272 – 3.775 N/A – 0.69 

Applicable Range for 
Licensing Analyses 788 – 2565 0.945 – 3.164 N/A – 0.37 

 

AREVA NP will revise the U.S. EPR FSAR Tier 2 to provide plots of the core exit pressure as a 
function of time in Figures 15.3-4—Partial Loss of Forced Reactor Coolant Flow Event – 
Primary System Pressure, 15.3-8—Complete Loss of Forced Reactor Coolant Flow Event – 
Primary System Pressure, and 15.3-11—Reactor Coolant Pump Rotor Seizure Event – Primary 
System Pressure.  The core inlet temperature plots are addressed in the response to RAI 
Question 15.3.03-15.03.04-4.  The affected loop normalized core inlet flow rates are shown in 
U.S. EPR FSAR Tier 2, Figure 15.3-1—Partial Loss of Forced Reactor Coolant Flow Event – 
RCS Flow Rates, Figure 15.3-5—Complete Loss of Forced Reactor Coolant Flow Event – RCS 
Flow Rates, and Figure 15.3-9—Reactor Coolant Pump Rotor Seizure Event – RCS Flow 
Rates.  The hot channel inlet mass flow rates are provided in Figure 15.03.03-15.03.04-7-1, 
Figure 15.03.03-15.03.04-7-2, and Figure 15.03.03-15.03.04-7-3. 

FSAR Impact: 

U.S. EPR FSAR Tier 2, Figure 15.3-4, Figure 15.3-8, and Figure 15.3-11 will be revised as 
described in the response and indicated on the enclosed markup. 
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Figure 15.03.03-15.03.04-7-1—Hot Channel Inlet Mass Flow Rate for the 
Partial Loss of Forced Reactor Coolant Flow Event 
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Figure 15.03.03-15.03.04-7-2—Hot Channel Inlet Mass Flow Rate for the Complete Loss of 

Forced Reactor Coolant Flow Event 
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Figure 15.03.03-15.03.04-7-3—Hot Channel Inlet Mass Flow Rate for the 
Reactor Coolant Pump Rotor Seizure Event 
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Question 15.03.03-15.03.04-8: 

Plot the peak fuel centerline temperature as function of time for the reactor transients in 
Sections 15.3.1 through 15.3.4 (SRP 15.3.1-15.3.2 Section III, SRP 15.3.3-15.3.4 Section III). 
Explain the associated safety limit. 

Response to Question 15.03.03-15.03.04-8: 

As described in the response to question 15.03.03-15.03.04-5, the linear power density (LPD) is 
the maximum LPD calculated by the high LPD channel algorithm.  This value is normalized to 
either the fuel centerline melt (FCM) or cladding strain LPD limit (whichever is more limiting), 
including all applicable uncertainties.  For anticipated operational occurrences (AOO), the 
limiting LPD of cladding strain is more restrictive and is therefore used to provide the normalized 
LPD.  The LPD specified acceptable fuel design limit (SAFDL) is designed to protect both the 
FCM and cladding strain limits, as discussed in ANP-10287P, Revision 0, “Incore Trip Setpoint 
and Transient Methodology for the U.S. EPR Topical Report.”  The plots of LPD as a function of 
time normalized to the LPD SAFDL are provided as part of the response to Question 15.03.03-
15.03.04-5 for partial and complete loss of forced reactor coolant flow events. 

From an LPD perspective, reactor coolant pump rotor seizure or reactor coolant pump shaft 
break transient events are similar to the partial and complete loss of forced reactor coolant flow.  
Since there is no power increase for the reactor coolant pump rotor seizure or reactor coolant 
pump shaft break transient events, no plots of the LPD are provided.   

There are no fuel failures due to fuel centerline melt for any of the Section 15.3 transient events. 

AREVA NP will revise the U.S. EPR FSAR Tier 2 to provide representative plots of the 
maximum LPD as a function of time for the partial and complete loss of forced reactor coolant 
flow events.  Specifically, Figures 15.3-14 (Partial Loss of Forced Reactor Coolant Flow Event – 
Representative DNBR and LPD) and 15.3-17 (Complete Loss of Forced Reactor Coolant Flow 
Event – Representative DNBR and LPD) will be added. 

FSAR Impact: 

U.S. EPR FSAR Tier 2, Figure 15.3-14 and Figure 15.3-17 will be added as described in the 
response and indicated on the enclosed markup. 
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Question 15.06.01-2: 

For each Chapter 15.6 analysis, provide an assessment showing why the parameters, initial 
conditions and single failures assumed for each event are those which lead to the most 
conservative results. 

Regulatory basis: SRP acceptance criteria instructs the reviewer to verify “whether the event 
evaluation considers single failures, operator errors, and performance of nonsafety-related 
systems consistent with the RG 1.206 regulatory guidelines”. 

RG 1.206, C.I.15.6.2 Sequence of Events and Systems Operation states 
“The applicant should discuss the following considerations for each initiating event:.. 
“…List all single failures or operator errors considered in the transient and 
accident analysis, and identify the limiting single failure for each event…” 

Response to Question 15.06.01-2: 

This question is addressed in the response to RAI Questions 15-1, 15.-2, 15-3, 15-4, 15-5, 15-6, 
and 15-7. 

FSAR Impact: 

The U.S. EPR FSAR will not be changed as a result of this question. 
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Question 15.06.03-3: 

Please present the results of the SG overfill analyses. 

Regulatory basis: SRP 15.0, p 10,  “The reviewer ensures that the applicant has 
presented the results of analyses…” 

Response to Question 15.06.03-3: 

The results of the steam generator (SG) overfill analyses for the steam generator tube rupture 
(SGTR) event will be added to the U.S. EPR FSAR Tier 2.  The SGTR SG overfill analysis is 
based on plant characteristics and initial conditions that are selected to maximize the potential 
for overfill of the affected SG.  U.S. EPR FSAR Tier 2, Section 15.6.3.3 will be revised as 
indicated on the enclosed markup to provide additional details of the analysis. 

The sequence of events for the SG overfill case is shown in new U.S. EPR FSAR Tier 2, Table 
15.6-24 – SGTR Overfill Case – Sequence of Events.  This table will be added to the U.S. EPR 
FSAR Tier 2 as indicated on the enclosed markup.  Figure 15.6-94 – SGTR Overfill Case – 
Reactor Power through Figure 15.6-108 – SGTR Overfill Case – Integrated Mass Flashed will 
be added to the U.S. EPR FSAR Tier 2 as indicated on the enclosed markup.  

To distinguish the case currently described in the U.S. EPR FSAR Tier 2 as the radiological 
case, the titles of U.S. EPR FSAR Tier 2, Table 15.6-6, and Figures 15.6-11 through 15.6-26 will 
be revised as indicated on the enclosed markup to indicate “SGTR Radiological Case.”  Text 
within U.S. EPR FSAR Tier 2, Section 15.6.3.3.3 and Table 15.6-4 will also be clarified in this 
regard. 

FSAR Impact: 

U.S. EPR FSAR Tier 2, Section 15.6.3.3 will be revised as described in the response and 
indicated on the enclosed markup. 

U.S. EPR FSAR Tier 2, Table 15.6-24 will be added as described in the response and indicated 
on the enclosed markup. 

U.S. EPR FSAR Tier 2, Figure 15.6-94 through Figure 15.6-108 will be added as described in 
the response and indicated on the enclosed markup. 

U.S. EPR FSAR Tier 2, Table 15.6-4 will be revised as described in the response and indicated 
on the enclosed markup. 

U.S. EPR FSAR Tier 2, Table 15.6-6 will be revised as described in the response and indicated 
on the enclosed markup. 

U.S. EPR FSAR Tier 2, Figure 15.6-11 through Figure 15.6-26 will be revised as described in 
the response and indicated on the enclosed markup. 
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The maximum power levels assumed in the accident analyses are described in 
Table 15.0-4—Nuclear Steam Supply System Power Levels Assumed in the Accident 
Analysis.  This table includes values for the maximum thermal power of the nuclear 
steam supply system (NSSS), the rated core thermal power, and the energy generated 
by the reactor coolant pumps (RCPs).  A heat balance measurement uncertainty of ±22 
MWt (approximately one-half percent of rated thermal power) is applicable to the 
core power.  The core power is determined using a secondary-side heat balance.  The 
relatively low heat balance uncertainty is achieved by using an ultrasonic flow meter 
for the feedwater flow rate.  Table 15.0-5—Plant Parameters Used in Accident 
Analyses lists the nominal plant parameters for the accident analyses.  Uncertainties in 
initial plant conditions are applied in accordance with the applicable approved 
methodologies.

The following uncertainties are considered in establishing the initial conditions:

� Core power: ±22 MWt (approximately one-half percent of rated thermal power).

� Pressurizer pressure: ±50 psig (25 psig uncertainty and 25 psig deadband).

� Pressurizer liquid level: ±5 percent of span (combination of uncertainty and 
control band).

� Core average temperature: ±4°F (3°F uncertainty and 1°F control band).

Average RCS coolant temperature is a function of core power level (refer to 
Figure 4.4-7—Average RCS Temperature vs. Core Power).  In addition, average 
temperature can be reduced up to 10°F to accommodate an end-of-cycle (EOC) full 
power coastdown.  A thermal design flow of 119,692 gpm per loop is used in the 
accident analysis for the RCS response.  This thermal design flow is the minimum 
allowed by plant TSs.  The analyses bound up to five percent SG tube plugging.

Table 15.0-6—Reactivity Coefficients, Core PowerScram Reactivity, and Computer 
Codes summarizes information for the analysis of postulated events.  This table 
provides the reactivity coefficients and initial reactor power assumed in each event 
scenario.  During the transient, the reactivity contributions from moderator and fuel 
temperature changes are influenced by the fuel pellet-to-cladding heat transfer 
coefficient (hgap).  For fast transients, such as rod withdrawals from low power or 
subcritical, where the fuel temperature feedback limits the peak power, a 
conservatively high hgap is assumed.  For DNBR related events a high hgap is also 
conservative because it maximizes fuel rod surface heat flux.  The exception to this is 
the loss of flow event.  For the loss of flow event, sensitivity studies show that a low 
hgap results in a lower MDNBR because the lower hgap keeps the heat flux higher 
later in the transient when the RCS flow decreases.  In the presence of a zero 
moderator temperature coefficient, other heatup transients (i.e., turbine trip, loss of 
normal feedwater, etc.) a high hgap is conservative since it minimizes reactivity 
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feedback from fuel temperature increases.  Thus, the non-LOCA transient analysis uses 
a high hgap in all cases except loss of flow events, where sensitivity analysis has 
demonstrated that a low hgap is more conservative.  The hgap values are based on 
CUPERNIC (see Section 15.0.0.3.3) and are generated considering a range of fuel 
management schemes.  For LOCAs, the hgap values used are based on RODEX 2 and 
RODEX3 for small and large breaks, consistent with the methodologies described in 
References 3 and 4.

Additional specific information for each event is presented in the respective Chapter 
15 section for the postulated event.

Events are analyzed until the plant achieves a stable, controlled condition, i.e., the 
reactor is subcritical and remains subcritical, the core is covered, decay heat is being 
removed from the RCS, and secondary inventory levels are sufficient to maintain RCS 
temperatures.  The U. S. EPR is designed to achieve cold shutdown, residual heat 
removal (RHR) entry, using only safety-related equipment.  Section 15.0.4 includes an 
analysis of how RHR entry is reached.

The analyses also consider flow capacities of systems such as makeup and relief systems 
and are biased to make the event in question more severe.  For example, for 
overpressure events, the safety valve flow capacity is based on the rated flow that the 
valve manufacturer provides.  On the other hand, when evaluating the inadvertent 
opening of a safety valve, the flow is conservatively increased by twenty percent.  
Similarly, operation with a feedwater heater string out of service is considered for 
overcooling events, which reduces the initial feedwater temperature at each power 
level.  A lower feedwater temperature is potentially more severe for overcooling 
events.  

The transient and accident analysis results presented in subsequent sections of Chapter 
15 represent the limiting cases with respect to the pertinent acceptance criteria for 
each event.  Each transient and accident analyzed has been assessed against the criteria 
identified in Table 15.0-2 for AOOs and PAs.  Generally, one criterion dominates for a 
given transient or accident.  In those cases where more than one criterion could be 
challenged, each applicable criterion is specifically analyzed.

The limiting cases for each event are summarized in Table 15.0-62—Transient 
Analysis Limiting Cases, along with the acceptance criteria evaluated.  The limiting 
cases were derived from a spectrum of cases that reflect the range of possible allowed 
operating conditions (including shutdown modes), availability of offsite power, 
variation of event-specific parameters (e.g., break size), and possible single failures.  
Table 15.0-63—Transient Analysis Limiting Case Conditions summarizes the limiting 
conditions associated with each limiting case.  Further discussion of the technical bases 
for the parameter and single failure selection is provided in each transient and accident 
section.  A more general discussion on single failure is provided in Section 15.0.0.3.8

15-1
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15.0.0.3.3 Reactivity Coefficients Assumed in the Accident Analysis

The transient response of the NSSS depends on reactivity feedbacks, in particular, the 
moderator temperature and fuel (Doppler) temperature coefficients.  For the U.S. EPR 
accident analysis, values are chosen to include the expected ranges for a variety of 
potential operating cycles.  The bounding values used in the accident analysis are as 
follows:

� Moderator temperature coefficient: 5.73 pcm/°F to -50 pcm/°F.

� Doppler coefficient: -1.17 pcm/°F to -1.85 pcm/°F. 

The range of coefficients given above cover plant operation between the minimum 
temperature for criticality and full power and are selected to obtain a conservative 
response.

Depending on the transient under evaluation, a conservative reactivity coefficient may 
either be the largest possible value or the smallest possible value.  The coefficients are 
chosen to provide the most adverse response in the core for the transient under 
consideration.  When it is not obvious whether a large or small value is more limiting 
for a given event, a range is evaluated to produce the most limiting response.  The 
specific values assumed in each analysis are given in Table 15.0-6.

The major computer codes used for each postulated event are also given in 
Table 15.0-6.  Additional codes are used to establish the initial fuel rod conditions.  
These include COPERNIC for non-loss of coolant accident (NON-LOCA), RODEX2 
for small-break LOCA, and RODEX3 for large-break LOCA.  These codes are described 
in the Codes and Methods Applicability Report for the U.S. EPR (Reference 3) and the 
U.S. EPR Realistic Large Break Loss of Coolant Accident (Reference 4).

15.0.0.3.4 Rod Cluster Control Assembly Insertion Characteristics

Following a reactor trip (RT), the position and worth of the rod cluster control 
assemblies (RCCAs) is important in determining the reduction in reactor power from 
the time of RT.  The negative reactivity insertion produced by the dropping of RCCAs 
following an RT is determined from the rod worth, the rod position within the core, 
and the acceleration of the rods into the core.  For the accident analyses, the critical 
time for rod insertion is the drop time, which is the time from when the gripper coils 
release the rods until the time when the rods are fully inserted.  For the U.S. EPR 
design, the accident analysis assumes a drop time of 3.5 seconds.  For most of the 
postulated events analyzed, the results are not sensitive to the drop time as long as the 
rods are inserted and the reactor is shut down.  However, for events such as the loss of 
flow and rod ejection, the drop time is critical and has a significant impact on the 
results.  The drop time is specified in the plant TSs and is verified by drop-time testing.
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- Trip the reactor when the chemical and volume control system (CVCS) is 
operating.

- Reset the main steam relief train (MSRT) setpoints high on affected SG and, if 
necessary, initiate the partial cooldown in the unaffected SGs.

- Close the MSIV on the affected SG.

- Close the main feedwater (MFW) isolation valve on the affected SG.

- Isolate the EFW to the affected SG.

- Initiate and later manage the medium head safety injection (MHSI) pump.

- Extend the partial cooldown of the unaffected SGs and depressurize the RCS.

- Actuate the EBS to add boron to the RCS to maintain subcriticality.

� For the radiological analysis of the failure of small lines carrying primary coolant 
outside the reactor building (Section 15.0.3.5), operator action is credited to isolate 
the failed line.

Once the plant is in a stable, controlled state, additional operator actions are required 
to bring the plant to RHR entry conditions or establish long term cooling for LOCAs.

- Use the MSRTs to depressurize the SGs to cool down the RCS.

- Use the EBS to add boron to the RCS to maintain subcriticality.

- Use the PSRVs to depressurize the RCS.

- Once the RCS reaches the conditions for RHR entry, the operator initiates 
RHR operation.

- For the LOCAs that are too large for the SI systems to refill the RCS, the 
operator must redirect half of the LHSI flow to the respective hot legs to 
prevent boron precipitation.

15.0.0.3.8 Limiting Single Failures

The accident analyses presented in Chapter 15 incorporate the most limiting active 
single failure of a safety-related system.  Table 15.0-11—Single Failures Assumed in 
the Accident Analysis lists the most limiting single failure for each event.  Table 15.0-
11 also provides the justification for the identified limiting single failure.  Passive 
failures are not considered, except as event initiators, during the first 24 hours of the 
event.  The following pieces of equipment are considered either as passive devices or 
are designed to be single failure proof and, therefore, are not subject to single failure:

� Main steam safety valves (MSSVs).
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 Table 15.0-5—Plant Parameters Used in Accident Analyses

Notes:

1. Not including uncertainties or operating band.

2. Feedwater temperature for cases with all feedwater heaters in service.  For cases 
with one string of feedwater heaters out of service a temperature of 381°F was 
assumed.

3. For mode 1, TAVG is a function of power and is based on U.S. EPR FSAR Figure 4.4-
7—Average RCS Temperature vs Core Power, ±3°F for uncertainty and 1°F for 
operating band.  In addition, end of cycle (EOC) -10°F is included for a full power 
coastdown.

4. Represents reactor coolant system Thermal Design Flow or minimum RCS flow.

5. In accordance with the applicable approved methodology (Reference 3).

6. Pressurizer level is a function of core power level 34% at zero power and 54.3% at 
full power, ±5% for uncertainty and operating band.

7. Steam generator level is constant as a function of power, ±6% for uncertainty and 
operating band.

8. Pressurizer pressure is constant at 2250 psia, ±50 psia for uncertainty and operating 
band.

Plant Parameter

Value for Thermal-
Hydraulic Design 
RCS Flow Case

Nominal Value at 
Rated Thermal 

Power

Value for Best-Estimate
RCS Flow Case

Range Considered 1

Core power, MWt 4590 MWt 0 to 4590 MWt 
TAVG, °F 594°F 594°F 3

Reactor Ccoolant Ssystem  pressure, psia 2250.0 psia  2250.0 psia 8  
Pressurizer liquid level,% of span 54.3% of span 34 to 54.3% of span 6

Reactor coolant flow per loop, gpm 119,692 gpm 4 124,741119,692 gpm 5 
SG boiler region pressure for no-plugged-tubes 
case, psia 

1117 1123

Steam generator level 49% of narrow range 
span

49% of narrow range
span 7

Steam generator tube plugging level 0% 0 to 5%
Assumed feedwater temperature at steam 
generatorSG inlet, °F 

446°F1 2 446°F1 2
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 Table 15.0-6—Reactivity Coefficients, Core PowerScram Reactivity, and Computer Codes
 Sheet 1 of 5

Transient

Computer 
Codes 
Used

Reactivity Coefficients for the Transient Initial Core Thermal 
Power Assumed 

(MWt)Scram 
Reactivity (pcm)

Moderator Temperature
(pcm/°F)

Fuel Temperature
(pcm/°F)

15.1 Increase in Heat Removal By Secondary System
Decrease in feedwater 
temperature

S-RELAP5 BOC BOC 0 BOC -1.26 -6161

LYNXT1 EOC EOC -50 EOC -1.51 -7353

Increase in feedwater flow S-RELAP5 HFP: BOC 0 BOC -1.26 -6161

LYNXT 1 EOC -50 EOC -1.51 -7353

60% power: BOC 0 -5964

EOC -42 -7068

25% power: BOC 5.73 -5698

EOC -42 -6643

HZP: EOC -30 -6049

Increase in steam flow S-RELAP5 HFP: BOC 0 BOC -1.26 -6161

LYNXT1 EOC -50 EOC -1.51 -7353

25% power: BOC 5.73 -5698

EOC -42 -6643

HZP: EOC -30 -6049

Inadvertent opening of a SG relief 
or safety valve

S-RELAP5 HFP: BOC 0 BOC -1.26 -6161

LYNXT1 EOC -50 EOC -1.51 -7353

25% power: BOC 5.73 -5698

EOC -42 -6643

HZP: EOC -30 -6049
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Steam system piping failure S-RELAP5 Moderator density defect 
corresponding to

EOC -50

Defect corresponding to
EOC -1.64

-3000
LYNXT2

PRISM
15.2 Decrease in Heat Removal By Secondary System

Turbine tripT S-RELAP5 0 -1.17 -6161

LYNXT1

Closure of a MSIV S-RELAP5 -50 -1.467-1.848 -7353

LYNXT1

Loss of non-emergency AC power S-RELAP5 0 -1.17 -6161

Loss of normal feedwater flow S-RELAP5 BOC 0 BOC -1.17 -6161

EOC -31.41 EOC -1.4767

Feedwater system pipe break S-RELAP5 0 -1.17 -6161

15.3 Decrease in RCS Flow Rate
Partial loss of forced reactor 
coolant flow

S-RELAP5 0 -1.17 -6161
NEMO-K
LYNXT

Complete loss of forced reactor 
coolant flow

S-RELAP5 0 -1.17 -6161
NEMO-K
LYNXT

RCP rotor seizure S-RELAP5 0 -1.17 -6161
NEMO-K
LYNXT

 Table 15.0-6—Reactivity Coefficients, Core PowerScram Reactivity, and Computer Codes
 Sheet 2 of 5

Transient

Computer 
Codes 
Used

Reactivity Coefficients for the Transient Initial Core Thermal 
Power Assumed 

(MWt)Scram 
Reactivity (pcm)

Moderator Temperature
(pcm/°F)

Fuel Temperature
(pcm/°F)
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RCP shaft break S-RELAP5 0 -1.17
NEMO-K
LYNXT

15.4 Reactivity and Power Distribution Anomaly
Uncontrolled RCCA bank 
withdrawal from a subcritical or 
low power startup condition

S-RELAP5
LYNXT

5.73 -1.17 -3000

Uncontrolled RCCA bank 
withdrawal at power

S-RELAP5
LYNXT1

>60% power: BOC 0 BOC -1.17

EOC -50 EOC -1.85 HFP -6161

60% power: BOC 0 60% -5964

EOC -42 25% -5698

<50% power: BOC 5.73

EOC -42

Single RCCA withdrawal S-RELAP5
LYNXT1

>60% power: BOC 0 BOC -1.17

EOC -50 EOC -1.85 HFP -6161

60% power: BOC 0 60% -5964

EOC -42 25% -5698

<50% power: BOC 5.73

EOC -42

RCCA misalignment LYNXT 1 NA NA NA

RCCA drop S-RELAP5
LYNXT 1

BOC 0 BOC -1.17 -6161

EOC -50 EOC -1.85

 Table 15.0-6—Reactivity Coefficients, Core PowerScram Reactivity, and Computer Codes
 Sheet 3 of 5

Transient

Computer 
Codes 
Used

Reactivity Coefficients for the Transient Initial Core Thermal 
Power Assumed 

(MWt)Scram 
Reactivity (pcm)

Moderator Temperature
(pcm/°F)

Fuel Temperature
(pcm/°F)
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Startup of a RCP in an inactive 
loop

S-RELAP5
LYNXT

-42 -1.51 NA

Inadvertent decrease in the boron 
concentration in the RCS

S-RELAP 
(at power)

>60% power: BOC 0 BOC -1.17

EOC -50 EOC -1.85

60% power: BOC 0 HFP -6161

EOC -42 60% -5964

<50% power: BOC 5.73 25% -5698

EOC -42

Inadvertent loading and 
operation of a fuel assembly in an 
improper position

PRISM
LYNXT 1

NA NA NA

RCCA ejection S-RELAP5 >50% power 0 -1.17 HFP -6161
NEMO-K 60% -5964
LYNXT <50% power 5.73 25% -5698

HZP -3000

15.5 Increase in RCS Inventory
Inadvertent operation of the 
ECCS or EBS

S-RELAP5 BOC 0 BOC -1.17 -6161

EOC -50 EOC -1.467

CVCS malfunction that increases 
reactor coolant inventory

S-RELAP5 BOC 0 BOC -1.17 -6161

EOC -50 EOC -1.467

 Table 15.0-6—Reactivity Coefficients, Core PowerScram Reactivity, and Computer Codes
 Sheet 4 of 5

Transient

Computer 
Codes 
Used

Reactivity Coefficients for the Transient Initial Core Thermal 
Power Assumed 

(MWt)Scram 
Reactivity (pcm)

Moderator Temperature
(pcm/°F)

Fuel Temperature
(pcm/°F)
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Notes:

1. See Section 15.0.0.3.9.

2. See Section 15.0.0.3.9 for pre-scram; post-scram MSLB uses LYNXT directly.

15.6 Decrease in RCS Inventory
Inadvertent opening of a 
pressurizer relief valve

S-RELAP5
LYNXT 1

Moderator density defect 
corresponding to

BOC -1.17 -6161

EOC -1.467

BOC 0

EOC -50

SGTR S-RELAP5 Moderator density defect
corresponding to

most-negative BOC

Defect corresponding to
10% less negative than

least-negative BOC

-6161

Small-break loss-of-coolant 
accident

S-RELAP5 NA NA -6161

Realistic large-break loss-of-
coolant accident

S-RELAP5 Moderator density defect
corresponding to

nominal BOC

Defect corresponding to
nominal BOC

NA

 Table 15.0-6—Reactivity Coefficients, Core PowerScram Reactivity, and Computer Codes
 Sheet 5 of 5

Transient

Computer 
Codes 
Used

Reactivity Coefficients for the Transient Initial Core Thermal 
Power Assumed 

(MWt)Scram 
Reactivity (pcm)

Moderator Temperature
(pcm/°F)

Fuel Temperature
(pcm/°F)
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 Table 15.0-11—Single Failures Assumed in the Accident Analysis
 Sheet 1 of 6

Event Failure Justification
15.1  Increase in Heat Removal by Secondary System

Decrease in feedwater temperature One protection division1 There is no single failure which will make this 
event more severe.  A failure of a PS division 
is inconsequential.  The PS is single-failure 
proof due to its redundancy.

Increase in feedwater flow Failure of an HL isolation valve2 A failure of the HL isolation valve is 
inconsequential.  The SG feedwater supply is 
isolated using the MFW isolation valve on 
high SG level which is upstream of the HL 
isolation valve and is designed single-failure 
proof.

Increase in steam flow One protection division There is no single failure which will make this 
event more severe.  A failure of a PS division 
is inconsequential.  The PS is single-failure 
proof due to its redundancy.

Inadvertent opening of a SG relief or safety 
valve

One MSRCV fails to close The MSRCV fails to close, which makes the 
event more severe.  For the inadvertent 
opening of an MSRIV, the failed MSRCV is in 
the associated MSRCV, which causes the 
event to continue.  For the inadvertent 
opening of a MSSV, the failed MSRCV is in 
another SG.

Steam system piping failure One MSRCV fails open An MSRCV fails in the open position in one of 
the unaffected main steam lines.  This failure 
causes the SG to depressurize more than it 
would otherwise.  This exacerbates the RCS 
cooldown and represents a worst case single 
failure.
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15.2  Decrease in Heat Removal by Secondary System
TT One MSRT fails to open Failure of an MSRT raises the peak RCS 

pressure and makes the event more severe for 
overpressurization.

Closure of a MSIV One MSRT fails to open Failure of an MSRT raises the peak SG 
pressure and makes the event more severe for 
overpressurization.  

Loss of nonemergency AC power One EFW train EFW train failure limits the heat removal 
capacity of the EFW system and makes the 
event more severe.

Loss of normal feedwater flow One EFW train EFW train failure limits the heat removal 
capacity of the EFW system and makes the 
event more severe.

Feedwater system pipe break One EFW train
One MSRT fails to open

EFW train failure limits the heat removal 
capacity of the EFW system and makes the 
event more severe for RCS overpressurization.  
Inoperability of one MSRT raises the peak SG 
pressure and make the event more severe for 
SG overpressurization.

15.3  Decrease in Reactor Coolant System Flow Rate
Partial loss of forced reactor coolant flow One protection division There is no single failure which will make this 

event more severe.  A failure of a PS division 
is inconsequential.  The PS is single-failure 
proof due to its redundancy.

Complete loss of forced reactor coolant flow One protection division There is no single failure which will make this 
event more severe.  A failure of a PS division 
is inconsequential.  The PS is single-failure 
proof due to its redundancy.

 Table 15.0-11—Single Failures Assumed in the Accident Analysis
 Sheet 2 of 6

Event Failure Justification
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RCP rotor seizure One protection division There is no single failure which will make this 
event more severe.  A failure of a PS division 
is inconsequential.  The PS is single-failure 
proof due to its redundancy.

RCP shaft break One protection division

15.4  Reactivity and Power Distribution Anomaly
Uncontrolled RCCA withdrawal from a 
subcritical or low power startup condition

One protection division There is no single failure which will make this 
event more severe.  A failure of a PS division 
is inconsequential.  The PS is single-failure 
proof due to its redundancy.

Uncontrolled RCCA bank withdrawal at 
power

One protection division There is no single failure which will make this 
event more severe.  A failure of a PS division 
is inconsequential.  The PS is single-failure 
proof due to its redundancy.

Single RCCA withdrawal One protection division There is no single failure which will make this 
event more severe.  A failure of a PS division 
is inconsequential.  The PS is single-failure 
proof due to its redundancy.

RCCA misalignment One protection division There is no single failure which will make this 
event more severe.  A failure of a PS division 
is inconsequential.  The PS is single-failure 
proof due to its redundancy.

RCCA drop Failure of highest excore signal input to 
CRDCS

The signal from the least shadowed, highest 
reading Excore detector is ignored.  The 
shadowing factor from the 2nd least shadowed 
detector is conservatively applied for the 
response of the average coolant temperature 
(ACT) control function.

 Table 15.0-11—Single Failures Assumed in the Accident Analysis
 Sheet 3 of 6

Event Failure Justification
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RCCA drop Failure of highest excore signal input to 
CRDCS

The signal from the least shadowed, highest 
reading Excore detector is ignored.  The 
shadowing factor from the 2nd least shadowed 
detector is conservatively applied for the 
response of the average coolant temperature 
(ACT) control function.

Startup of a RCP in an inactive loop No protection features are challenged There is no single failure that makes this event 
more severe. 

Decrease in the boron concentration in the 
RCS

One protection division There is no single failure which will make this 
event more severe.  A failure of a PS division 
is inconsequential.  The PS is single-failure 
proof due to its redundancy.

Inadvertent loading and operation of a fuel 
assembly in an improper position

No protection features are challenged There is no single failure that makes this event 
more severe.

RCCA ejection One protection division There is no single failure which will make this 
event more severe.  A failure of a PS division 
is inconsequential.  The PS is single-failure 
proof due to its redundancy.

15.5  Increase in RCS Inventory
Inadvertent operation of the ECCS or EBS EFW train Charging flow, if operational, is automatically 

isolated on RT with LOOP or at high PZR 
level for an RT with no LOOP. SI and EFW 
are not actuated for this event.  After RT, the 
MSRTs open to relieve SG pressure and this 
enhances primary to secondary heat transfer.  
Failure of one MSRT, closure of one MSRCV 
when MSRIV opens, is the most limiting 
single failure.

 Table 15.0-11—Single Failures Assumed in the Accident Analysis
 Sheet 4 of 6

Event Failure Justification
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CVCS malfunction that increases reactor 
coolant inventory

EFW train Charging flow is automatically isolated on RT 
with LOOP or at high PZR level for an RT 
with no LOOP. SI and EFW are not actuated 
for this event.  After RT, the MSRTs open to 
relieve SG pressure and this enhances primary 
to secondary heat transfer. Failure of one 
MSRT, closure of one MSRCV when MSRIV 
opens, is the most limiting single failure.

15.6  Decrease in RCS Inventory
Inadvertent opening of a pressurizer relief 
valve

One EDG (1 train of SI) One train of SIS does not operate because an 
EDG is assumed to fail.  This failure further 
decreases the RCS inventory and pressure, 
thus making the event more severe. 

SGTR MSRT stuck open/EFW control valve Radiological:  the limiting single failure is that 
the MSRCV sticks fully open in the affected 
SG.  Results in greater offsite releases.
Overfill: EFW control valve in affected SG 
fails open filling the affected SG faster.

 Table 15.0-11—Single Failures Assumed in the Accident Analysis
 Sheet 5 of 6

Event Failure Justification
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Notes:

1. A failure of a protection division is inconsequential. The PS is single failure proof.

2. A failure of the HL isolation valve is inconsequential. The SG feedwater supply is isolated on high SG level and is designed 
single failure proof.

Loss-of-coolant accident One EDG (1 train of SI) RLBLOCA:
The most limiting active single failure is the 
one that results in the minimum ECCS flow 
delivered to the RCS.  This active failure is the 
loss of one train of pumped ECCS injection, 
which includes MHSI and LHSI.  Sensitivity 
studies performed using the 3- and 4-loop 
sample problems determined that the worst 
single failure was the loss of one diesel 
without the loss of containment spray or fan 
coolers.  This becomes just a loss of one train 
of ECCS pumped safety injection.  
SBLOCA:
The most limiting active single failure is the 
one that results in the minimum ECCS flow 
delivered to the RCS.  This active failure is the 
loss of one EDG at the time of LOOP.  Thus, 
one ECCS train (1MHSI+1LHSI/RHR+1EFW) 
is unavailable.  The same single failure (1 EDG 
lost at time of RT) is assumed for SBLOCA 
cases where Offsite Power is not lost. 

 Table 15.0-11—Single Failures Assumed in the Accident Analysis
 Sheet 6 of 6

Event Failure Justification
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 Table 15.0-62—Transient Analysis Limiting Cases
 Sheet 1 of 4

Event

Acceptance 
Criteria

Evaluated Limiting Case
15.1 Increase in Heat Removal by Secondary System

Decrease in feedwater temperature SAFDLs
RCS & SG pressure

HFP EOC manual rod control with LOOP, DNB is 
limiting criteria. RCS & SG pressure limits are not 
challenged.

Increase in feedwater flow SAFDLs
RCS & SG pressure

HFP BOC automatic rod control with LOOP, DNB is 
limiting criteria. RCS & SG pressure limits are not 
challenged.

Increase in steam flow SAFDLs
RCS & SG pressure

HFP EOC automatic rod control with LOOP, 50% steam 
flow increase, DNB is limiting criteria. RCS & SG pressure 
limits are not challenged.

Inadvertent opening of a SG relief or safety valve SAFDLs
RCS & SG pressure

HFP EOC manual rod control with LOOP, DNB is 
limiting criteria. RCS & SG pressure limits are not 
challenged.

Steam system piping failure SAFDLs
RCS & SG pressure

HZP EOC 1.72 ft2 break with offsite power available. 
DNB is limiting criteria. RCS & SG pressure limits are not 
challenged.

15.2 Decrease in Heat Removal by Secondary System
Turbine Trip SAFDLs

RCS & SG pressure
HFP BOC with LOOP, limiting RCS pressure event. 
SAFDL and SG pressure limits not challenged.

Closure of a MSIV SAFDLs
RCS & SG pressure

HFP EOC, limiting SG pressure event. SAFDL and RCS 
pressure limits not challenged.

Loss of non-emergency AC power SAFDLs
RCS & SG pressure

Not specifically analyzed. Event is bounded by Complete 
Loss of flow for DNB and Loss of normal feedwater for 
RCS and SG pressure criteria.
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Loss of normal feedwater flow SAFDLs
RCS & SG pressure
Decay heat removal
Pressurizer overfill

HFP BOC, for decay heat removal (minimum SG 
inventory) 
HFP EOC  with pressure control and LOOP for 
pressurizer overfill
HFP BOC, no pressure control with LOOP for RCS 
pressure
SAFDLs and SG pressure limits are not challenged.

Feedwater system pipe break SAFDLs
RCS & SG pressure
Decay heat removal
Pressurizer overfill

HFP BOC 2% Break with LOOP pressurizer overfill
HFP BOC full break decay heat removal 
HFP BOC 45% Break RCS pressure
HFP BOC full break SG pressure
SAFDLs are not challenged.

15.3 Decrease in Reactor Coolant System Flow Rate
Partial loss of forced reactor coolant flow SAFDLs

RCS & SG pressure
HFP BOC with LOOP, DNB is limiting criteria. RCS & SG 
pressure limits are not challenged. 

Complete loss of forced reactor coolant flow SAFDLs
RCS & SG pressure

HFP BOC, DNB is limiting criteria. RCS & SG pressure 
limits are not challenged. 

RCP rotor seizure SAFDLs
RCS & SG pressure

HFP BOC with LOOP, DNB is limiting criteria. RCS & SG 
pressure limits are not challenged. 

15.4 Reactivity and Power Distribution Anomaly
Uncontrolled RCCA withdrawal from a subcritical or 
low power startup condition

SAFDLs
RCS & SG pressure

4.59E-06 % power at maximum reactivity addition rate 
(12 pcm/sec). DNB is limiting criteria. RCS & SG pressure 
limits are not challenged. 

 Table 15.0-62—Transient Analysis Limiting Cases
 Sheet 2 of 4

Event

Acceptance 
Criteria

Evaluated Limiting Case
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Uncontrolled RCCA bank withdrawal at power SAFDLs
RCS & SG pressure

Range of conditions analyzed including HZP, HFP, 25%, 
and 60%, BOC and EOC. DNB is limiting criteria. RCS & 
SG pressure limits are not challenged. 
No specific limiting case. Low DNBR trip provides 
protection. 

Single RCCA withdrawal SAFDLs
RCS & SG pressure

System analysis performed as part of bank rod withdrawal 
spectrum. DNB is limiting criteria. RCS & SG pressure 
limits are not challenged. 
No specific limiting case. Low DNBR trip provides 
protection.

RCCA misalignment SAFDLs See Section 15.4.3.2 

RCCA drop SAFDLs HFP & 90%, BOC and EOC with LOOP and automatic rod 
control. Spectrum of cases analyzed dropping rods and 
banks from 12 to 2167 pcm. DNB is limiting criteria. 
No specific limiting case. Low DNBR trip provides 
protection.

Startup of a RCP in an inactive loop SAFDLs
RCS & SG pressure

Maximum power following a partial trip (60 %). This 
event evaluates the startup of a RCP following a partial 
trip. Acceptance criteria are not challenged.

Decrease in the boron concentration in the RCS SAFDLs
RCS & SG pressure

System analysis performed as part of bank rod withdrawal 
spectrum. DNB is limiting criteria. RCS & SG pressure 
limits are not challenged. 
No specific limiting case. Low DNBR trip provides 
protection.
For the shutdown modes anti-dilution system provides 
protection to terminate the dilution prior to critical.

 Table 15.0-62—Transient Analysis Limiting Cases
 Sheet 3 of 4

Event

Acceptance 
Criteria

Evaluated Limiting Case
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Inadvertent loading and operation of a fuel assembly 
in an improper position

SAFDLs See Section 15.4.7 

RCCA ejection RCS & SG pressure
Fuel energy 

deposition limits

HZP 700 pcm ejected rod for peak RCS pressure
For fuel energy deposition HFP (see Tables 15.4-17 and 
15.4-18).

15.5 Increase in RCS Inventory
Inadvertent operation of the ECCS or EBS SAFDL

Pressurizer overfill
RCS pressure

HFP, BOC, manual rod control, pressure control, with 
LOOP. Limiting criteria is pressurizer overfill. SAFDL and 
RCS pressure limits are not challenged. 

CVCS malfunction that increases reactor coolant 
inventory

SAFDL
Pressurizer overfill

RCS pressure

HFP, BOC, manual rod control, pressure control, with 
LOOP. Limiting criteria is pressurizer overfill. SAFDL and 
RCS pressure limits are not challenged.

15.6 Decrease in RCS Inventory
Inadvertent opening of a pressurizer relief valve SAFDL HFP, BOC, manual rod control, with LOOP. Limiting 

criteria is DNB. 

SGTR Radiological 
SG Overfill

Radiological: HFP EOC 584 Tavg, the limiting single 
failure is that the MSRCV sticks fully open in the affected 
SG.  
Overfill:  HFP EOC 584 Tavg, the limiting single failure is 
EFW control valve in affected SG fails open.

Loss-of-coolant accident 10CFR50.46 LBLOCA: Statistically derived.
SBLOCA: HFP 6.5 inch break with LOOP

 Table 15.0-62—Transient Analysis Limiting Cases
 Sheet 4 of 4

Event

Acceptance 
Criteria

Evaluated Limiting Case
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 Table 15.0-63—Transient Analysis Limiting Case Conditions
 Sheet 1 of 3

Event

Limiting 
Acceptance 

Criteria
Power
(MWt)

Tavg
(°F)

RCS Flow 
per loop

(gpm)

Pressurizer 
level
(%)

SG Level
(%)

SG Tube 
Plugging

(%)
15.1 Increase in Heat Removal by Secondary System

Decrease in feedwater 
temperature

SAFDLs 4612 5942 119,6923 54.3 49 0

Increase in feedwater flow SAFDLs 4612 5942 119,6923 54.3 49 0

Increase in steam flow SAFDLs 4612 5942 119,6923 54.3 49 0

Inadvertent opening of a SG 
relief or safety valve

SAFDLs 4612 5942 119,6923 54.3 49 0

Steam system piping failure SAFDLs 1.0E-06 5782 119,6923 34 49 0

15.2 Decrease in Heat Removal by Secondary System
Turbine Trip RCS pressure 4612 594 119,692 59.3 49 5

Closure of a MSIV SG pressure 4612 599 119,692 59.3 49 0

Loss of non-emergency AC 
power1

— — — — — —

Loss of normal feedwater 
flow

RCS & SG pressure8

Decay heat removal 4612 594 119,692 59.3 49 0

Pressurizer overfill 4612 579 119,692 59.3 49 0

Feedwater system pipe 
break

RCS Pressure 4612 594 119,692 59.3 49 0

SG pressure 4612 594 119,692 59.3 49 0

Decay heat removal 4612 594 119,692 59.3 49 0

Pressurizer overfill 4612 584 119,692 59.3 49 5
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15.3 Decrease in Reactor Coolant System Flow Rate
Partial loss of forced reactor 
coolant flow

SAFDLs 4612 5942 119,692 54.3 49 5

Complete loss of forced 
reactor coolant flow

SAFDLs 4612 5942 119,692 54.3 49 5

RCP rotor seizure SAFDLs 4612 5942 119,692 54.3 49 5

15.4 Reactivity and Power Distribution Anomaly
Uncontrolled RCCA 
withdrawal from a 
subcritical or low power 
startup condition

SAFDLs 4.59E-06 5782 119,692 34 49 5

Uncontrolled RCCA bank 
withdrawal at power

SAFDLs 0-46124 578-5942 119,692 34-54.3 49 5

Single RCCA withdrawal SAFDLs 0-46124 578-5942 119,692 34-54.3 49 5

RCCA drop SAFDLs 46124 5942 119,692 54.3 49 5

Startup of a RCP in an 
inactive loop7

2754 5942 119,692 54.3 49 5

Decrease in the boron 
concentration in the RCS5

SAFDLs 0-46124 578-5942 119,692 34-54.3 49 5

RCCA ejection RCS pressure 0 578 119,692 34 49 —

Fuel deposition limits 4612 594 119,692 54.3 49 —

15.5 Increase in RCS Inventory
Inadvertent operation of 
the ECCS or EBS

Pressurizer overfill 4612 594 119,692 54.3 49 5

 Table 15.0-63—Transient Analysis Limiting Case Conditions
 Sheet 2 of 3

Event

Limiting 
Acceptance 

Criteria
Power
(MWt)

Tavg
(°F)

RCS Flow 
per loop

(gpm)

Pressurizer 
level
(%)

SG Level
(%)

SG Tube 
Plugging

(%)
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Notes:

1. Not analyzed.  Event is bounded by complete loss of flow for DNB and loss of normal feedwater for RCS and SG Pressure.

2. Nominal Tavg at full power. Operating band and measurement uncertainties on temperature and pressure are applied in 
the DNB analysis.

3. Thermal design flow is assumed in the system analysis for DNB limiting events.

4. No specific limiting case. Low DNBR trip provides protection.

5. This event is analyzed at power as part of the spectrum of uncontrolled rod withdrawal events. In the shutdown modes, 
this event establishes the setpoints for the anti-dilution mitigation system.

CVCS malfunction that 
increases reactor coolant 
inventory

Pressurizer overfill 4612 594 119,692 54.3 49 5

15.6 Decrease in RCS Inventory
Inadvertent opening of a 
pressurizer relief valve

SAFDL 4612 594 119,692 54.3 49 5

SGTR Radiological dose 4612 584 119,692 59.3 49 5

SG Overfill 4612 584 119,692 59.3 49 5

Loss-of-coolant accident 10CFR50.46
LBLOCA

Note 6 Note 6 Note 6 Note 6 — 5

10CFR50.46
SBLOCA

4612 594 119,692 54.3 49 5

 Table 15.0-63—Transient Analysis Limiting Case Conditions
 Sheet 3 of 3

Event

Limiting 
Acceptance 

Criteria
Power
(MWt)

Tavg
(°F)

RCS Flow 
per loop

(gpm)

Pressurizer 
level
(%)

SG Level
(%)

SG Tube 
Plugging

(%)
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6. These parameters are statistically sampled. See Section 15.6.5.1.

7. Acceptance criteria are not challenged.

8. Bounded by turbine trip and MSIV closure events, respectively.
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15.1 Increase in Heat Removal by the Secondary System

Several anticipated operational occurrences (AOO) and one postulated accident (PA) 
result in an unplanned increase in heat removal by the secondary system.  In these 
events, a decrease in reactor coolant temperature causes an increase in core reactivity 
that leads to an increase in core power.  Detailed analyses of these reactor coolant 
system (RCS) cooldown events are presented in this section.  The events include the 
following:

� Section 15.1.1 - Decrease in feedwater temperature.

� Section 15.1.2 - Increase in feedwater flow.

� Section 15.1.3 - Increase in steam flow.

� Section 15.1.4 - Inadvertent opening of a steam generator (SG) relief or safety 
valve.

� Section 15.1.5 - Steam system piping failures inside and outside of containment.

15.1.1 Decrease in Feedwater Temperature

15.1.1.1 Identification of Causes and Event Description

A decrease in feedwater temperature is an AOO that is postulated to occur because of 
the inadvertent opening of a feedwater heater bypass valve.  The resulting bypass of a 
low-pressure or high-pressure feedwater heater train decreases feedwater 
temperature, thereby increasing heat removal from the RCS and lowering the 
temperature of the RCS.  When the moderator temperature coefficient (MTC) is 
negative, it causes a positive reactivity insertion that increases reactor power and 
potentially leads to a reactor trip (RT), and RCS and SG pressure limits are not 
challenged.

The decrease in feedwater temperature event is classified as an AOO (as described in 
Section 15.0.0.1) that is expected to occur with moderate frequency.  The unplanned 
power increase associated with this event potentially challenges specified acceptable 
fuel design limits (SAFDL).

15.1.1.2 Methods of Analysis and Assumptions  

The analysis of the decrease in feedwater temperature event uses the approved non-
loss-of-coolant accident (non-LOCA) analytical methodology described in the Codes 
and Methods Applicability Report for the U.S. EPR (Reference 1).  The S-RELAP5 
computer code (described in Section 15.0.2.4) is used to simulate the event and 
contains provisions to model the primary and secondary systems, as well as the core 
reactivity response.  

15-2
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The low departure from nucleate boiling (DNB) channel algorithm and high linear 
power density (LPD) channel algorithm is used to predict the RT and confirm the 
adequacy of the dynamic compensation of the algorithm consistent with the Incore 
Trip Setpoint and Transient Methodology for the U.S. EPR (Reference 2).

To determine the limiting event scenario for the specified acceptable fuel design limit 
(SAFDL) criteria, the minimum departure from nucleate boiling ratio (DNBR) and 
maximum linear power density (LPD), a spectrum of decrease in feedwater 
temperature events is analyzed.  The spectrum examines the range of initial conditions 
specified in Table 15.0-5—Plant Parameter Used in Accident Analyses and Table 15.0-
6—Reactivity Coefficients and Computer Codes.  These initial cionditions include hot 
full power (HFP), the time in cycle [beginning-of-cycle (BOC) or end-of-cycle (EOC)], 
with average coolant temperature (ACT) control or manual rod control (MRC), 
availability of offsite power [with loss-of-offsite power (LOOP) or without LOOP].  
The analyses are performed with zero percent SG tube plugging to maximize the 
primary-to-secondary heat transfer and the overcooling effect.  

Operation with one string of feedwater heaters out of service is analyzed for the 
decrease of feedwater temperature event, which results in a gradual heat up of the 
RCS.  For the SAFDL acceptance criteria, HFP represents the limiting initial power 
because the temperature rise across a feedwater heater is greatest at HFP.  Losing the 
feedwater heater at these conditions makes this overcooling event more severe.

The only mitigating equipment credited is the PS.  A failure in a PS division is 
inconsequential because the protection system is designed as single failure proof due to 
its redundancy.  There is no single failure which makes this event more severe.

A spectrum of analyses for HFP with zero percent SG tube plugging cases is performed 
to determine that the HFP EOC manual rod control with LOOP is the limiting case, as 
identified in Table 15.0-62—Transient Analysis Limiting Cases.  The limiting 
conditions are presented in Table 15.0-63—Transient Analysis Limiting Case 
Conditions.

The following assumptionslimiting conditions apply to the analysis of the decrease in 
feedwater temperature event:

� At hot full power (HFP), a feedwater temperature reduction of 100°F is assumed to 
occur instantaneously at the feedwater inlet to each SG.  This condition 
conservatively bounds possible physical reduction in temperature attributable to a 
single malfunction.

� A bounding end-of-cycle (EOC) MTC value is used.

� No operator actions are credited.

15-1, 15-4,
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(described in Section 15.0.2.4) is used to simulate the event and contains provisions to 
model the primary and secondary systems, as well as the core reactivity response.  

The low DNB channel algorithm and high LPD channel algorithm areis simulated to 
predict RT and adequacy of the dynamic compensation of the algorithm consistent 
with Reference 2.  The focus for this event is meeting SAFDLs.  The DNB SAFDLs are 
is satisfied by the combination of the low DNB and high LPD LCO and RT setpoint 
described in Reference 2.

The analysis of the event assumes turbine steam demand remains constant, i.e., the 
turbine valves move to keep the steam flow to the turbine constant.  A spectrum of 
scenarios is analyzed at HFP, 60 percent and 25 percent of rated thermal power, and 
hot zero power (HZP) at BOC and EOC conditions.  To determine the limiting event 
scenario for SAFDL, the minimum DNBR and maximum LPD, a spectrum of feedwater 
flow events is analyzed.  The spectrum examines the range of initial conditions 
specified in Tables 15.0-5—Plant Parameters Used in Accident Analyses and 15.0-6—
Reactivity Coefficients and Computer Codes.  These initial conditions include the 
HFP, 60 percent rated thermal power (RTP), 25 percent RTP and hot zero power 
(HZP) levels, the time in cycle (BOC or EOC), with ACT control or MRC, availability 
of offsite power (with or without LOOP).  The analyses are performed with zero 
percent SG tube plugging to maximize the primary to secondary heat transfer and the 
overcooling effect.

Operation with feedwater heater strings out of service is also analyzed for increase of 
feedwater flow events, which reduces the initial feedwater temperature at each power 
level.  A conservative increase in feedwater temperature reduction is linearly adjusted 
for reduced power levels that is potentially more severe for this overcooling event.

Cases at BOC are analyzed with action by the non-safety-related ACT control function 
because this condition makes the results for BOC cases more severe.  Cases at EOC 
conditions are analyzed with and without action by the non-safety-related ACT 
control function because thisto determine which condition makes the results more 
severe.

For the purposes of analyzing this event, the most severe single failure is the failure of 
the HL isolation valve to close on the affected SG.  There is no impact on the results of 
the transient analysis because there is an MFW isolation valve upstream of the HL 
isolation valve that also closes to terminate the MFW flow.

A spectrum of analyses for various power levels with zero percent SG tube plugging is 
performed to determine that HFP BOC ACT control with LOOP is the limiting case 
identified in Table 15.0-62—Transient Analysis Limiting Cases.  The limiting 
conditions are presented in Table 15.0-63 —Transient Analysis Limiting Case 
Conditions.

15-1, 15-5
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The following conservative assumptionslimiting conditions apply to this increase in 
feedwater flow analysis:

� The temperature of the MFW to the four SGs is reduced 100�F to account for one 
string of high-pressure feedwater heaters being out of service.

� MFW flow to the affected SG increases instantaneously to a bounding 150 percent 
of the HFP flow rate, regardless of initial power level.

� SG tube plugging is neglected in order to maximize heat transfer from the RCS to 
the SGs.

� A bounding EOC negative MTC is used to maximize the increase in power as 
moderator temperature decreases.

� The SG high-level setpoint for RT and isolation of MFW is biased to 100 percent of 
the narrow range sensor, which bounds the maximum measurement uncertainty.

15.1.2.3 Results

This event does not challenge SAFDLs or overpressure criteria.  Presented as a 
representative case, the scenario that causes the highest core power is a BOC HFP 
scenario in which the non-safety-related ACT control function is simulated.  
Table 15.1-4—Increase in Feedwater Flow - Key Input Parameters presents the initial 
conditions for this event.  Table 15.1-5—Increase in Feedwater Flow - Key Equipment 
Status presents the status of equipment for this event.  Table 15.1-6—Increase in 
Feedwater Flow - Sequence of Events provides the sequence of events.  
Figure 15.1-9—Increase in Feedwater Flow - Reactor Power through Figure 15.1-21—
Increase in Feedwater Flow - Reactivity show the plant response.  Figure 15.1-58—
Increase in Main Feedwater Flow - Representative Plot of Normalized Minimum 
DNBR and Maximum LPD to SAFDL presents a representative case of DNB and LPD 
normalized to their respective SAFDLs.

The transient is initiated by instantaneously increasing MFW flow to the affected SG 
to 150 percent of HFP flow rate.  This immediately causes a rising water level in the 
affected SG and an increase in the heat transfer rate, but a reduction in steam 
production in that SG.  Steam flow from the unaffected SGs increases to compensate 
and maintain a constant steam flow to the turbine as the TCV opens.  The increase in 
heat transfer, particularly in the economizer region, causes the affected loop cold-leg 
temperature to decrease.  Because the scenario is at BOC, the colder water reaching the 
core does not cause core power to increase. 

After about 25 seconds, the ACT control function begins to withdraw control rods to 
compensate for the reduction in RCS temperatures.  Power rises slowly as the ACT 

15-5
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A spectrum of steam flow increase scenarios is analyzed at HFP, 25 percent of rated 
thermal power and HZP at BOC and EOC conditions.  The maximum flow increase 
analyzed corresponds to the opening of the six turbine bypass valves.  A spectrum of 
flow rates is analyzed corresponding to the opening of one through six of the bypass 
valves.  The conditions for the representative case described in Section 15.1.3.3 are 
described below.To determine the limiting event scenario for SAFDL, the minimum 
DNBR, and maximum LPD, a spectrum of steam flow increase events is analyzed.  The 
spectrum examines the range of initial conditions specified in Tables 15.0-5—Plant 
Parameter Used in Accident Analyses and 15.0-6—Reactivity Coefficients and 
Computer Codes, including the HFP, 25 percent RTP and HZP power levels; time in 
the cycle (BOC or EOC); with ACT control availability of offsite power (with or 
without LOOP); amount of steam flow increase; and with zero percent SG tube 
plugging to maximize the primary to secondary heat transfer and the overcooling 
effect.

The maximum steam flow increase corresponds to the opening of the six turbine 
bypass valves.  A spectrum of steam flow rates are analyzed, ranging from the opening 
of one through six of the bypass valves.  Operation with a feedwater heater string out 
of service is also analyzed for increase of steam flow events, which reduces the initial 
feedwater temperature at each power level.  A conservative increase in feedwater 
temperature reduction is linearly adjusted for reduced power levels that is potentially 
more severe for this overcooling event. The only mitigating equipment credit is the 
RPS.  A failure in an PS division is inconsequential because the protection system is 
designed as single failure proof due to its redundancy.  There is no single failure which 
makes this event more severe.  

A spectrum of analyses for various power level with zero percent  SG tube plugging 
cases is performed to determine that the HFP EOC ARC with LOOP is  the limiting 
case identified in Table 15.0-62—Transient Analysis Limiting Cases.  The limiting 
conditions are presented in Table 15.0-63—Transient Analysis Limiting Case 
Conditions.

The following conservative assumptionslimiting conditions apply to the increase in 
steam flow analysis: 

� Respective bounding values of MTC are used for BOC and EOC.

� Cases are analyzed with and without action by the non-safety-related ACT control 
function because this condition could make the results more severe at BOC.

� A 100°F reduction in MFW temperature is assumed, consistent with a high-
pressure MFW heater train out of service.

15-1, 15-4,
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� The event also challenges radiological release limits. 

15.1.4.2 Methods of Analysis and Assumptions 

The analysis of the inadvertent opening of the SG relief valve or safety valve events 
uses the approved non-LOCA analytical methodology described in Reference 1.  The 
S-RELAP5 computer code, described in Section 15.0.2.4, is used to simulate the event.  
This code simulates the primary and secondary systems, as well as the core reactivity 
response.  The low DNB channel algorithm and high LPD channel algorithm is used 
for predicting the RT and the adequacy of the dynamic compensation of the algorithm 
consistent with Reference 2.  The inadvertent opening of the MSSV and MSRIV are 
different enough scenarios that both are evaluated.  Although the MSSV has half the 
capacity of an MSRT, it cannot be isolated. 

To determine the limiting event scenario for the SAFDL criteria, the minimum DNBR, 
and maximum LPD, a spectrum of inadvertent opening of a steam generator relief or a 
safety valve events is analyzed.  The spectrum examines the range of initial conditions 
specified in Tables15.0-5—Plant Parameter Used in Accident Analyses and 15.0-6—
Reactivity Coefficients and Computer Codes.  These initial conditions include the 
power level (HFP, 25 percent RTP and HZP), time in the cycle (BOC or EOC), with 
ACT control or MRC, and availability of offsite power (with or without LOOP).  The 
analyses are performed with zero percent SG tube plugging to maximize the primary 
to secondary heat transfer and the overcooling effect.

Operation with a feedwater a heater string out of service is analyzed for inadvertent 
opening of a steam generator relief or safety valve events, because it reduces the initial 
feedwater temperature at each power level.  A conservative feedwater temperature 
reduction is linearly adjusted for cases initiated from reduced power levels.

The single failure assumed in the analysis of the inadvertent opening of an MSRIV 
event is that one MSRCV fails to close.  Since the capacity of a safety valve is half that 
of a relief valve, the inadvertent opening of an MSRIV is more severe than the 
inadvertent opening of an MSSV.  The worst single failure which makes the opening of 
an MSRIV event more severe is an MSRCV failing to close.  The failed MSRCV is 
associated with that open MSRIV and causes the event to continue longer.

A spectrum of analyses for various power levels with zero percent SG tube plugging is 
performed to determine HFP EOC MRC with LOOP is the limiting case identified in 
Table 15.0-62—Transient Analysis Limiting Cases.  The limiting conditions are 
presented in Table 15.0-63—Transient Analysis Limiting Case Conditions.

The following conservative assumptionslimiting conditions apply to the analysis of an 
inadvertent opening of an MSRIV: 

15-1, 15-4,
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when the unaffected SGs repressurize sufficiently following MSIV closure for their 
MSRIVs to open, the SG with the faulted MSRCV depressurizes more than it might 
otherwise, until the corresponding MSRIV closure setpoint is reached.  This situation 
exacerbates the RCS cooldown and represents the worst-case single failure.

To determine the limiting event, a spectrum of main steam line break events was 
performed.  The parameters of interest examined in this spectrum were initial power 
level, break size and location, status of offsite power, and single failure.

A main steam line break event represents an uncontrolled cooldown of the RCS and 
can result in a return to power as a result of the addition of positive reactivity to the 
reactor core by this cooldown.  For the acceptance criteria, HZP represents the 
limiting initial power because the absence of appreciable decay heat exacerbates the 
RCS cooldown.  EOC conditions are more limiting because they represent the most 
negative MTC.  The availability of offsite power is more limiting because the operation 
of the RCPs enhances the RCS cooldown more than the RCP heat generation offsets it.  
The limiting combination of break location and single failure is identified by a 
sensitivity study.  The limiting break size is influenced by the timing of MS isolation 
and MFW termination and can be identified only by a sensitivity study.

Because the event is aggravated by maximizing the RCS cooldown, it is assumed that 
the MSRCV on one of the unaffected main steam lines fails in the fully open position.  
With this assumption, when the unaffected SGs repressurize sufficiently following 
MSIV closure for their MSRIVs to open, the SG with the faulted MSRCV depressurizes 
more than it would otherwise, until the corresponding MSRIV closure setpoint is 
reached.  This situation exacerbates the RCS cooldown and represents the worst-case 
single failure.

In summary, the limiting postulated MSLB event scenario is a 1.72 ft2 break in a main 
steam line outside the Reactor Building, upstream of the MSIV, and at EOC and HZP 
conditions.  Offsite power is assumed to be available and the MSRCV on one of the 
unaffected main steam lines is assumed to fail in the fully open position.

Additional assumptions for the analysis include the following:

� One train of each mitigating safety system is assumed to be unavailable due to 
maintenance.

� The highest worth RCCA is assumed to be located in the affected core sector and 
stuck in the fully withdrawn position, which reduces shutdown margin and 
augments power peaking.

� EOC conditions are assumed as they yield the most limiting combination of 
reactivity coefficients and control rod worth.

� Mixing of fluid between core sectors is modeled as described in Reference 1.

15-1, 15-4,
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Following TCV closure, secondary side pressure and temperature increase significantly 
as thermal energy from the RCS continues to be transferred to the SGs.  Increasing 
secondary system temperature causes a corresponding increase in RCS temperature.  
The increase in reactor coolant temperature causes an expansion of the reactor coolant 
inventory into the PZR and an increase in RCS pressure.  RT occurs on a high PZR 
pressure protection system (PS) signal.

If loss of offsite powera (LOOP) occurs with RT, all main feedwater (MFW) pumps are 
de-energized and the RCPs coast down.  Emergency feedwater (EFW) is activated on 
wide range (WR) low SG level following a LOOP to maintain SG levels and the 
secondary heat sink.

A controlled state is reached following RT, with the plant in a hot shutdown condition 
with residual heat removed by either forced circulation (no LOOP) or natural 
circulation (LOOP) of primary coolant from the core to the SGs and secondary side 
heat removal via the MSRTs and MFW or EFW.

The LOEL event potentially challenges three acceptance criteria:

� The RCS overpressurization limit; requires that the RCS pressure be maintained 
below 110 percent of the RCS design pressure.

� The secondary side overpressurization limit; requires that the secondary side 
pressure be maintained below 110 percent of the main steam system (MSS) design 
pressure.

� Specified acceptable fuel design limits (SAFDLs), specifically, departure from 
nucleate boiling (DNB) and fuel centerline melt (FCM).

15.2.1.2 Method of Analysis and Assumptions

The severity of the LOEL event is determined by the closure time of the TCVs, with a 
shorter closure time corresponding to more severe conditions.  A conservatively small 
(0.1 s) value is assumed for the closure of the turbine stop valve (TSV) for the TT event 
(see Section 15.2.2).  This assumed value bounds the fast closure time for the TCVs; 
therefore, the results of the TT event bound those for the LOEL for RCS overpressure.  

For secondary overpressure, the LOEL event is bounded by the single MSIVC event 
discussed in Section 15.2.4.  The MSIVC event results in a smaller isolated secondary 
side volume; therefore, the peak secondary pressure is higher for the single MSIVC 
event than for LOEL.

15.2.1.3 Conclusions

The consequences of the LOEL event isare bounded by the TT event presented in 
Section 15.2.2 and the single MSIVC event presented in Section 15.2.4.
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15.2.2 Turbine Trip

15.2.2.1 Identification of Causes and Event Description

The event description of the TT event is the same as the LOEL event (see 
Section 15.2.1.1), except that the TT event is initiated by the closure of the TSV.  
Because of the fast closure of the TSV, there is no increase in RCP speed and flow due 
to the temporary increase in turbine generator speed following the LOEL.

The TT event potentially challenges three acceptance criteria:

� The RCS overpressurization limit; requires that the RCS pressure be maintained 
below 110 percent of the RCS design pressure.

� The secondary side overpressurization limit; requires that the secondary side 
pressure be maintained below 110 percent of the MSS design pressure.

� SAFDLs, specifically, DNB and FCM.

The TT event does not challenge SAFDLs because RCS pressure increases and there is 
little change in core power.  The single MSIVCmain steam isolation valve (MSIV) 
closure event (Section 15.2.ASection 15.2.4) is limiting for secondary system 
overpressure because of the smaller available steam line volume.

15.2.2.2 Method of Analysis and Assumptions

The S-RELAP5 computer code is used to calculate the transient thermal and hydraulic 
response of the primary and secondary systems in accordance with the methodology 
described in the Codes and Methods Applicability Report for the U.S. EPR 
(Reference 1).  The computer code simulates the necessary components and contains 
the features required to model this event.  

TT is the limiting overpressure event for the RCS.  Therefore, initial conditions and 
setpoints for analyzing this event are biased conservatively to maximize peak RCS 
pressure.  The least negative doppler temperature coefficient with an additional 10 
percent bias is applied to minimize the negative feedback due to any power increase.  
The most positive hot full power (HFP) moderator temperature coefficient is applied 
to minimize the negative feedback due to any RCS temperature increase.  PS trip 
setpoint biases are set to values that provide a maximum delay for RT and safety 
system initiation.  It is assumed conservatively that the malfunction of the turbine or 
reactor system that initiated the TT does not cause an RT by affecting PS-sensed 
equipment or instrumentation (e.g., RCP speed or engineered safety features).  RCS 
temperature increases and the associated thermal expansion of the coolant causes an 
insurge into the PZR, thereby increasing PZR pressure and coolant level.  RT occurs 
on high PZR pressure.  
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The TT event is initiated by rapidly closing the TSVs in 0.1 second.  Assumption of 
LOOP is conservative for RCS overpressurization because it reduces the heat transfer 
rate from the primary to secondary systems.  LOOP is assumed conservatively to occur 
with RT because it is the earliest time to initiate the coastdown of the RCPs without 
causing an earlier RT.  The MFW pumps are de-energized at the time of LOOP.  TheTo 
maximize the RCS pressure response, the non-safety-related PZR spray, turbine bypass 
system, and PT (on TT) are not credited.  The single failure for this event is assumed as 
failure of one MSRT to open.  

Five percent tube plugging is assumed to minimize the heat transfer rate from the RCS 
to the secondary system.

The limiting single failure for this event is that which would maximize the RCS 
overpressure response.  The peak RCS pressure occurs within 10 seconds of the 
initiation of the event, which precludes any postulated operator action that would 
exacerbate the event.  The PZR PSRVs are single failure proof; therefore, the limiting 
equipment single failure is assumed to be the failure of a single train of MSRTs.

Table 15.2-1—Turbine Trip - Key Input Parameters presents a listing of the key initial 
inputs.  Table 15.2-2—Turbine Trip - Key Equipment Status presents a listing of the 
status of key systems.

15.2.2.3 Results

Table 15.2-3—Turbine Trip-RCS Overpressurization - Sequence of Events presents the 
sequence of events for the TT analysis.  Figure 15.2-1—Turbine Trip RCS 
Overpressurization - Peak RCS Pressure through Figure 15.2-13—Turbine Trip RCS 
Overpressurization - MFW Flows show the response of key system parameters.  

The event is initiated with the closure of the TSVs in 0.1 second.  The resulting 
pressurization of the secondary side causes a reduction in primary-to-secondary heat 
transfer and corresponding increase in RCS temperatures.  The expansion of the RCS 
coolant causes an insurge into the PZR.  As the steam space is compressed, RCS 
pressure increases until an RT is generated on high PZR pressure at 6.98 seconds.  
LOOP is assumed with RT, and the RCPs begin to coast down.  The PSRVs open at 
9.48 seconds to control pressure.  The opening setpoints and capacity of the PSRVs are 
sufficient to limit the maximum RCS pressure to 2785.2 psia, which is reached at 9.8 
seconds.  The maximum PZR level peaks at an indicated 72 percent.

The automatic actuation of EFW and SG steam relief via the MSRTs provide adequate 
cooling after RT to remove decay heat.  The PSRVs reseat.  As the RCPs coast down, 
natural circulation conditions are established and a stable controlled state is reached.

15-1;
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15.2.2.4 Radiological Consequences

The radiological consequences of this event are bounded by the inadvertent opening of 
an MSSV event described in Section 15.1.4.

15.2.2.5 Conclusions

� The analysis demonstrates that the maximum RCS pressure (2785.2 psia) remains 
below 110 percent of the RCS design pressure (2803.2 psia), thereby satisfying 
overpressure acceptance criteria for the RCS.  This is the limiting overpressure 
event for peak RCS pressure.

� The single MSIV closure event bounds TT as the limiting overpressure event for 
the secondary system (see Section 15.2.4).

� The TT event does not challenge SAFDLs because RCS pressure increases and 
there is little change in core power; therefore, the acceptance criteria are met for 
TT.

15.2.2.6 SRP Acceptance Criteria

A summary of the SRP acceptance criteria for Section 15.2.2 events included in 
NUREG-0800, Section 15.2.1–15.2.5, (Reference 2) and descriptions of how these 
criteria are met are listed below:

1. The basic objectives of the review of the initiating events listed in Subsection I of 
this SRP section are met as follows:

A. To identify which moderate-frequency event that results in an unplanned 
decrease in secondary system heat removal is the most limiting, in particular as 
to primary pressure, secondary pressure, and long-term decay heat removal.

� Response: The TT event is identified as the most limiting event with respect to 
primary pressure.  The single MSIVC event (Section 15.2.4) is the most 
limiting event with respect to secondary pressure and minimum departure 
from nucleate boiling ratio (MDNBR).  The loss of normal feedwater flow 
event (Section 15.2.7) is the most limiting AOO with regard to long-term 
decay heat removal.

B. To verify whether the predicted plant response for the most limiting event 
satisfies the specific criteria for fuel damage and system pressure.

� Response: The TT event satisfies the acceptance criteria for RCS pressure.  The 
single MSIVC event (Section 15.2.4) is limiting with respect to secondary 
pressure and MDNBR.

C. To verify whether the plant PSs setpoints assumed in the transients analyses 
are selected with adequate allowance for measurement inaccuracies as 
delineated in RG 1.105.
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� Response: Conservative values based on an array of proposed fuel cycle 
operating methods are used for the moderator temperature coefficient and 
Doppler temperature coefficients.

D. Mitigating systems should be assumed to be actuated in the analyses at 
setpoints with allowance for instrument uncertainty in accordance with RG 
1.105.

� Response: Instrument and measurement uncertainties are conservatively 
applied for the TT analysis.

15.2.3 Loss of Condenser Vacuum

The LOCV is a fault that can cause a TT.  The LOCV also isolates the turbine bypass 
system to prevent overpressurization of the condenser and the MFW pumps trip due 
to low suction pressure.  The consequences of the LOCV event are bounded by those 
of the TT event.  The TT event bounds the LOCV event because the TT event analysis 
does not credit the non-safety-related turbine bypass system, and a conservatively 
small TSV closure time is assumed for the TT event.  In addition, for TT analysis, the 
MFW pumps are lost due to the assumption of LOOP.  

15.2.3.1 Radiological Consequences

The LOCV event is bounded by the inadvertent opening of an MSSV event 
(Section 15.1.4) for radiological consequences.

15.2.4 Inadvertent Closure of Main Steam Isolation Valves

15.2.4.1 Identification of Causes and Event Description

The MSIVC closure event is an AOO initiated by steam line or reactor system 
malfunctions and operator actions.  The U.S. EPR instrumentation and control system 
is designed so that no single random failure, spurious signal, or operator action can 
cause the inadvertent closure of more than one MSIV.  Therefore, only the single 
MSIVC event is credible and is considered.  

The single MSIVC event is characterized by a decrease in heat removal by the 
secondary system caused by the postulated abrupt closure of one MSIV.  The closure of 
one MSIV isolates steam flow from its associated SG.  This condition causes pressure 
and temperature to increase sharply in the isolated SG, the main steam line, and, 
consequently, in the affected RCS loop.  Pressure in the affected SG and MS line is 
limited automatically by safety-related steam relief devices (MSRT and MSSVs) 
located upstream of the MSIV.  Steam flow from the remaining SGs increases because 
of turbine demand, which causes a depressurization of the unaffected SGs.  As steam 
line header pressure begins to drop, the non-safety-related TCV opens in an attempt to 
maintain turbine pressure.  

15-1



U.S. EPR FINAL SAFETY ANALYSIS REPORT

Tier 2  Revision  1—Interim  Page 15.2-9

RT and TT are initiated by a PS signal generated on high SG pressure in the affected 
SG.  A non-safety function trips all but one of the MFW pumps on RT, with one 
remaining in service to supply MFW through the low-load lines.  If the non-safety-
related turbine bypass system is available, it controls pressure in the unaffected SGs 
after RT and TT.  Otherwise, the safety-related MSRTs and MSSVs control SG pressure 
as in the affected SG.  

The increase in primary pressure, secondary pressure and primary coolant temperature 
during the MSIVC event potentially challenges three acceptance criteria:

� The RCS overpressurization limit; requires that the RCS pressure be maintained 
below 110 percent of the RCS design pressure.

� The secondary side overpressurization limit; requires that the secondary side 
pressure be maintained below 110 percent of the MSS design pressure.

� The MDNBR SAFDL and FCM.

In addition, an MSIVC event in combination with a stuck open MSRT may release 
enough steam to result in an offsite dose in excess of 10 CFR Part 20 limits.The TT 
event is limiting with respect to peak RCS pressure (see Section 15.2.2).

15.2.4.2 Method of Analysis and Assumptions

The methodology for this event uses the S-RELAP5 computer code to simulate the 
responses to the event of the primary and secondary coolant systems, reactor, 
protective equipment and systems, and automatic controllers.  The transient analysis is 
performed using the methodology described in Reference 1.  Section 15.0.2 provides a 
description of the S-RELAP5 analysis method.  

The algorithm, described in Section 15.0.0.3.9, is simulated to predict RT and adequacy 
of the dynamic compensation of the incore monitoring system in a manner consistent 
with Reference 3.  Additionally, the core thermal-hydraulic computer code LYNXT is 
used to deterministically calculate the core flow, enthalpy distributions, MDNBR, and 
peak fuel centerline temperatures using the RCS response from S-RELAP5 as a 
boundary condition.  It is described in the Incore Trip Setpoint and Transient 
Methodology for U.S. EPR (Reference 3).  Section 4.4 describes the codes and methods 
used to evaluate SAFDLs.  Section 15.0.3 describes the codes and methods used for the 
radiological analyses.

The single MSIVC event is the limiting overpressure event for the secondary system.  
Therefore, initial conditions and setpoints for analyzing this event are biased 
conservatively to maximize peak secondary pressure.  PS trip setpoint biases are set to 
values that provide a maximum delay for RT and safety system initiation.  Similarly, 
for the single MSIVC MDNBR case, appropriate setpoint biases are employed to 
maximize the consequences.

15-2
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The MSIVC closure event is initiated by closing one of the MSIVs in a conservatively 
short time of 0.1 second.  The event is bounded by TT for the RCS overpressure 
criterion because three SGs remain available to remove energy from the primary 
system.  The event is analyzed in separate cases to evaluate overpressure in the affected 
SG and compliance with SAFDLs, particularly DNB.  To obtain a conservative response 
for these cases, the analysis does not credit the non-safety-related turbine bypass 
system.  The worst single failure is the failure of the MSRT to open in the affected 
loop.

The limiting single failure for this event is that which would maximize the secondary 
overpressure and MDNBR responses.  The peak secondary pressure occurs at 
approximately 12 seconds after the initiation of the event, which precludes any 
postulated operator action that would exacerbate the event.  The limiting equipment 
single failure for the peak secondary pressure and MDNBR cases is assumed to be the 
failure of a single train of MSRTs.

The peak secondary pressure case is biased to maximize the heat transfer from the RCS 
to the secondary system.  This heat transfer is maximized by assuming zero percent SG 
tube plugging and by assuming that a LOOP does not occur.  In addition, the non-
safety-related PZR spray is simulated to reduce the potential for RT on high PZR 
pressure.

The MDNBR case is biased to minimize the heat transfer from the RCS to the 
secondary system.  This heat transfer is minimized by assuming five percent SG tube 
plugging and by assuming a LOOP at the time of TT.  In addition, the non-safety-
related PZR spray is simulated to reduce the increase in RCS pressure, which acts to 
reduce DNB margin.  The analysis conservatively accounts for the effect of asymmetric 
core inlet coolant temperatures on core reactivity and power distributions.  

Table 15.2-4—MSIVC Secondary Overpressurization - Key Input Parameters presents 
a listing of the key initial inputs used in this analysis.  Table 15.2-5—MSIVC 
Overpressurization - Key Equipment Status presents a listing of the status of key 
systems.

15.2.4.3 Results

15.2.4.3.1 Peak Secondary Pressure Analysis Results

Table 15.2-6—MSIVC Secondary Overpressurization - Sequence of Events presents 
the sequence of events for the MSIVC maximum secondary pressure analysis.  The 
MSIV in one loop is assumed to close in 0.1 second.  The loss of steam flow from the 
affected SG causes an increase in demand on the unaffected SGs (Figure 15.2-14—
MSIVC Secondary Overpressurization—MSIV Flow Rates).  The affected SG 
pressurizes while the unaffected SGs depressurize (Figure 5.2-23 MSIVC Secondary 
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Overpressurization—Maximum Secondary PressureFigure 15.2-23—MSIVC 
Secondary Overpressurization — Maximum Secondary Pressures).

Pressure in the affected SG reaches the high SG pressure RT setpoint at 5.54 seconds 
initiating RT.  This PS signal also opens the MSRIV in the affected SG, but the main 
steam relief control valve (MSRCV) is assumed to be failed in the closed position 
(although normally full open during hot full power operation).  Steam flows through 
the MSRIV just long enough to pressurize the relief train piping ahead of the closed 
MSRCV.  This result is shown in Figure 15.2-15—MSIVC Secondary 
Overpressurization - Safety Valve Flows for the Affected Loop.

The depressurization of the three unaffected SGs causes an increase in the primary to 
secondary heat transfer for those loops.  This condition lowers the temperature of the 
fluid returning to the core from the unaffected loops (Figure 15.2-16—MSIVC 
Secondary Overpressurization—Cold Leg Temperatures).  The cooler water returning 
to the core combined with a negative end of cycle moderator coefficient causes an 
increase in power (Figure 15.2-19—MSIVC Secondary Overpressurization — Reactor 
Power).

The pressure in the affected SG continues to increase until the first MSSV opens at 9.05 
seconds (Figure 15.2-15).  The opening setpoints and capacity of the MSSVs are 
adequate to limit peak secondary pressure (at the bottom of the SGs) to 1541 psia at 
12.13 s, which is less than the acceptance criterion of 110 percent of the secondary 
system design pressure (1593.2 psia).  

15.2.4.3.2 DNBR Analysis Results

The S-RELAP5 calculation indicates an increase in core power associated with the 
reduction in cold leg temperatures in the unaffected loops.  This result is an artifact of 
use of these cold leg temperatures as input to the point kinetics model in S-RELAP5.  
When evaluated realistically using 3-D kinetics, core power does not increase during 
the period prior to RT at approximately 6.44 s.  During the same time period prior to 
RT, RCS pressure increases slightly.  The net result is that this event does not produce 
core conditions that challenge the MDNBR criterion.

15.2.4.4 Radiological Consequences

There are no radiological consequences for this event because there are no fuel 
failures.  It is bounded radiologically by the inadvertent opening of a MSSV event 
described in Section 15.1.4LOCV event (see Section 15.2.3).

15.2.4.5 Conclusions

The peak RCS pressure never rises significantly because the three unaffected SGs 
continue to cool the primary system.  The peak secondary system pressure (1541.0 

15.02.01-1 - 15.02.05-1
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Therefore, the RCS and secondary overpressurization acceptance criterion for the 
MSIVC event are met.

� The peak secondary system pressure (1541.0 psia) is below 110 percent of the 
secondary system design pressure (1593.2 psia).  Therefore, the secondary 
overpressurization acceptance criterion for the single MSIVC event is met.

� The peak RCS pressure is bounded by TT (see Section 15.2.2).

� The SAFDL limits are not exceeded for the single MSIVC event.

15.2.4.6 SRP Acceptance Criteria

A summary of the SRP acceptance criteria for Section 15.2.4 events included in 
NUREG-0800, Section 15.2.1–15.2.5, (Reference 2) and descriptions of how these 
criteria are met are listed below:

1. The basic objectives of the review of the initiating events listed in Subsection I of 
this SRP section are as follows:

A. To identify which moderate-frequency event that results in an unplanned 
decrease in secondary system heat removal is the most limiting, in particular as 
to primary pressure, secondary pressure, and long-term decay heat removal.

� Response: The TT event (Section 15.2.2) is identified as the most limiting 
event with respect to primary pressure.  The single MSIVC event 
(Section 15.2.4) is the most limiting event with respect to secondary pressure 
and MDNBR.  The loss of normal feedwater flow event (Section 15.2.7) is most 
limiting AOO with regard to long-term decay heat removal.

B. To verify whether the predicted plant response for the most limiting event 
satisfies the specific criteria for fuel damage and system pressure.

� Response: The TT event satisfies the acceptance criteria for RCS pressure.  The 
single MSIVC event (Section 15.2.4) is limiting with respect to secondary 
pressure and MDNBR.

C. To verify whether the plant PSs setpoints assumed in the transients analyses 
are selected with adequate allowance for measurement inaccuracies as 
delineated in RG 1.105.

� Response: Measurement and setpoint uncertainties are conservatively applied 
in the single MSIVC analysis.

D. To verify whether the event evaluation considers single failures, operator 
errors, and performance of non-safety-related systems consistent with the RG 
1.206 regulatory guidelines.

� Response: The most severe single failure of a safety system (failure of a single 
MSRT train to open) is assumed for the analysis of the single MSIVC event.  
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� Response: Instrument and measurement uncertainties are conservatively 
applied for the single MSIVC analysis.

15.2.5 Steam Pressure Regulator Failure

The steam pressure regulator failure applies to BWR plants and is not applicable to the 
U.S. EPR.  

15.2.6 Loss of Non-Emergency AC Power to the Station Auxiliaries

The LNEP to the station auxiliaries is initiated by a complete loss of either the external 
(offsite) grid or the onsite AC distribution system.  The complete loss of coolant flow 
event described in Section 15.3.2 is analyzed assuming a LOOP or LNEP isas the 
initiating event.  Refer to Section 15.3.2 for the short-term response of the LNEP event 
with respect to SAFDLs.  The subsequent evolution of the event after RT is similar to 
and bounded by the LNFF scenario with a LOOP, which causes a complete loss of RCS 
flow; see Section 15.2.7 for the long-term plant response to an LNEP event.

The LNEP event potentially challenges three acceptance criteria:

� The RCS overpressurization limit; requires that the RCS pressure be maintained 
below 110 percent of the RCS design pressure.

� The secondary side overpressurization limit; requires that the secondary side 
pressure be maintained below 110 percent of the MSS design pressure.

� SAFDL, specifically, DNB and FCM.

The TT event (Section 15.2.2) and MSIVC event (Section 15.2.4) bound the LNEP 
event for RCS and secondary side overpressurization respectively.  The complete loss 
of coolant flow event (Section 15.3.2) is the same as LNEP with respect to SAFDL.

Following initiation of the LNEP event, the diesel generators are started and provide 
electric power to vital loads.  The sensible and decay heat loads are handled by the 
steam relief and EFW systems.  Different segments of this event have similarities to the 
complete LNFF and complete loss of RCS flow events.

The loss of power results in immediate RCP coastdown and MFW termination.  A RT 
occurs on low pump speed, if not sooner, as a result of the loss of power.  Decaying 
reactor coolant flow causes an immediate increase in core coolant temperatures.  Also, 
the sudden loss of subcooled MFW flow, the decaying reactor coolant flow, and 
termination of steam flow to the turbine all cause the SG heat removal rates to 
decrease.  The decrease in SG heat removal rates augments the increase in reactor 
coolant temperatures.

As reactor coolant temperatures rise, the reactor coolant expands and surges into the 
PZR, potentially overfilling it.  The resulting increase in RCS pressure causes the PZR 
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or single failure, the operator can redirect the available EFW to feed the four SGs.  The 
plant transitions a stable controlled state.

The LNFF event is classified as an AOO.  The principal acceptance criteria that apply 
to this event are listed below:

� DNB SAFDL.  The DNB acceptance criterion requires that minimum DNB ratio 
(MDNBR) is not less than the 95/95 correlation limit.  

� The DNB SAFDL is not challenged during the short-term-heatup phase of the 
LNFF event.  That is because the reactor power does not increase, and the RCS 
pressure increases.

� The DNB SAFDL is not challenged during the long-term-heatup phases of the 
LNFF event if energy removal by the secondary system through the MSRTs are 
sufficient to remove decay heat plus RCP heat.  Thus, the DNB SAFDL is 
satisfied for the LNFF event if primary coolant subcooling margin is 
maintained.

� Fuel-melt SAFDL.  The fuel-melt acceptance criterion requires that none of the 
fuel rods in the core experience centerline melt.  The fuel-melt SAFDL is not 
challenged during the LNFF event because the reactor power does not rise above 
the initial power level.

� Pressure limit.  The pressure acceptance criterion requires that the pressures in the 
reactor coolant and main steam systems are maintained below 110 percent of their 
respective system design pressures.  RCS and secondary pressure do not rise 
significantly until TT occurs on RT with delay.  Because TT occurs after RT, the 
capacity of the MSRTs is adequate to prevent opening of the MSSVs.  RCS pressure 
does not increase to the PSRV opening setpoint.  Therefore, peak RCS and 
secondary pressures for the LNFF event are bounded by the TT and MSIVC events, 
respectively.

� PZR overfill. PZR overfill is evaluated to demonstrate that the loss of normal 
feedwater event meets the criteria that an AOO does not result in a postulated 
event without other faults occurring independently.  Even though the PSRVs are 
designed to relieve water, the analysis shows that following a loss of normal 
feedwater event does not result in water relief through the PSRVs. 

� Decay heat removal.  There is sufficient capacity for long-term decay heat removal 
for the plant to reach a stabilized condition.  This case, along with the analysis 
presented for FWLB, demonstrates the adequacy of the design capicity of the EFW 
system.  

15.2.7.2 Method of Analysis and Assumptions

The methodology for this event uses the S-RELAP5 computer code to simulate the 
responses to the event of the primary and secondary coolant systems, reactor, 
protective equipment and systems, and automatic controllers.  The transient analysis is 

15-2



U.S. EPR FINAL SAFETY ANALYSIS REPORT

Tier 2  Revision  1—Interim  Page 15.2-18

performed using the methodology described in Reference 1.  Section 15.0.2 provides a 
more detailed description of the S-RELAP5 analysis method.

This analysis demonstrates that there is sufficient capacity for long-term decay heat 
and RCP heat removal for the plant to reach a stabilized condition.  Non-safety-related 
systems are considered in the analysis if they make the event more severe.  Cases are 
analyzed with LOOP at RT and without LOOP, with and without RCS pressure 
control (PZR sprays), and with zero percent and five percent SG tube plugging.

The worst single failure is the failure of an EFW train because it limits the heat 
removal capacity of EFW system.  In addition, it is assumed that one EFW train is 
unavailable due to maintenance.  SG inventories and emergency feedwater system 
(EFWS) capacity are challenged by primarily by assuming that LOOP does not occur, 
thereby maximizing the amount of power that must be removed by the MSRTs.To 
determine the limiting event in regard to each of the criteria above, a spectrum of loss 
of feedwater events were analyzed.  The spectrum considered the range of initial 
conditions specified in Table 15.0-5, including the time in cycle, with or without 
LOOP, with or without pressure control, with 0 percent or 5 percent SG tube 
plugging, and with EOC coastdown. 

The complete loss of feedwater flow event is a loss of the secondary heat sink and 
results in a gradual heatup of the RCS.  In regard to all acceptance criteria, full power 
represents the limiting initial power because it provides the largest mismatch between 
the power generated and the heat removal capacity.  Likewise, the results become 
more limiting with the lower EFW capacity.  For this reason, the limiting single failure 
for all cases is the failure of an EFW train because it limits the heat removal capacity of 
the EFW system.  In addition, it is assumed that one EFW pump is not available due to 
maintenance. 

Because the reactor power does not increase above the initial power and the RCS 
pressure gradually increases during this event, the DNB and FCM SAFDLs are not 
challenged.  Sensitivity analyses were performed to demonstrate that the peak RCS 
and MSS pressure for the loss of normal feedwater event do not challenge limits and 
are bounded by the TT and MSIV closure events, respectively.  Thus, the analysis of 
the loss of feedwater event focuses on the criteria of PZR overfill and long-term decay 
heat removal. 

For the PZR overfill case, the limiting conditions resulted from a low initial Tavg 
corresponding to the EOC coastdown with LOOP.  Challenge to this criteria occurs 
well after RT.  The analysis demonstrates that water relief through the PSRVs does not 
occur.  For the long-term decay heat removal case, the limiting condition is from 
normal Tavg with offsite power available.  This case is challenging to the EFW system 
and demonstrates that the capacity of the EFW system is adequate for long-term RCP 
pump heat and decay heat removal.  Beginning of cycle reactivity parameters, biased 
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to minimize feedback, are assumed for the long-term heat removal case because it 
corresponds to the least negative feedback.  Since this case is a heatup transient, the 
least negative feedback maximizes core power.  For the PZR overfill case, EOC 
reactivity parameters are assumed because this case is limiting for the lower initial 
Tavg corresponding to the EOC coastdown.  The limiting event and initial conditions 
for these cases are summarized in Tables 15.0-62 and 15.0- 63, respectively.  The 
results for the long-term heat removal case is presented below.

Table 15.2-7—LNFF - Key Input Parameters presents a listing of the key initial inputs 
used.  Table 15.2-8—LNFF - Key Equipment Status presents a listing of the status of 
key systems.

15.2.7.3 Results

The decay heat removal case is presented below.  Table 15.2-9—LNFF - Sequence of 
Events presents the sequence of events for this event.  Figure 15.2-27—Loss of Normal 
Feedwater - Reactor and Total SG Power through Figure 15.2-48—Loss of Normal 
Feedwater - Net Heat Addition to RCS present responses of several key parameters.

Upon loss of MFW, the temperature of the primary system increases and liquid 
expands into the PZR.  Steam in the PZR is compressed, and the pressure control 
system responds by supplying normal spray.  Water in the SGs boils off until the low 
SG NR level setpoint is reached, tripping the reactor and resulting in a TT.  Power is 
maintained to the RCPs so that they continue to run.

Pressure in the SGs, which increases after the TT, reaches the MSRT setpoint.  The 
MSRT is activated by opening the MSRIV so that the MSRCV can control secondary 
pressure.  Because the MSRCVs are fully open during normal full power operation, 
pressure in the SGs decreases substantially.  As pressure decreases below the MSRT 
opening setpoint, the MSRCVs close.  After secondary pressure reaches the MSRT 
setpoint again, the MSRCVs open to modulate pressure, as shown in Figure 15.2-39—
Loss of Normal Feedwater - SG Pressure.

Water in the SGs continues to boil-off until the low SG WR level setpoint in each 
individual SG is reached, which actuates EFW.  EFW flow is supplied to only two SGs 
due to single failure and maintenance assumptions.  The levels begin to rise in the two 
SGs receiving EFW flow, while the levels in the two SGs that are not fed by EFW 
continue to fall.  Once EFW flow is provided to two SGs, sufficient heat removal 
capacity exists to remove decay heat and RCP heat, even though the two unfed SGs 
eventually dry out.

EFW continues to fill two SGs to their initial values.  RCS temperatures, RCS 
pressures, and PZR level are stabilized and controlled.  Secondary pressure is 
controlled by the MSRTs. and the plant reaches a stable controlled condition.
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15.3 Decrease in Reactor Coolant System Flow Rate

Descriptions are presented for each of the following reactor coolant system (RCS) flow 
decrease events; the first two events are anticipated operational occurrences (AOO), 
and the last two are postulated accidents (PA):

� Section 15.3.1 - Partial loss of forced reactor coolant flow.

� Section 15.3.2 - Complete loss of forced reactor coolant flow.

� Section 15.3.3 - Reactor coolant pump (RCP) rotor seizure.

� Section 15.3.4 - RCP shaft break.

15.3.1 Partial Loss of Forced Reactor Coolant Flow

15.3.1.1 Identification of Causes and Event Description

A partial loss of forced reactor coolant flow is an AOO that may be caused by a 
mechanical or electrical failure in a pump motor, a fault in the power supply to the 
pump motor, or a pump motor trip caused by anomalies such as overcurrent or phase 
imbalance.  The resulting decrease in reactor coolant flow, which occurs while the 
plant is at power, degrades the core heat transfer and reduces the departure from 
nucleate boiling (DNB) margin.

The loss of forced flow in a single primary system loop causes a partial reactor trip (RT) 
at the low-flow setpoint.  The partial RT is not credited because it is not safety related.  
The reactor is tripped when the flow in a single loop reaches the low-low flow 
protection system (PS) setpoint and the reactor power is above the P3 partial trip 
permissive.  The loss of forced flow in multiple loops generates an RT at the low flow 
or low RCP speed setpoints.  These RT functions are described in Section 7.2.1.2.

The two-pump loss of flow event is bounded by the one-pump loss of flow event 
because the PS generates an earlier RT at the higher low flow setpoint (in two loops) 
rather than the low-low flow setpoint (in one loop).  This condition more than 
compensates for the coastdown of two pumps.  The three-pump loss of flow event is 
not credible because there is no single fault that can de-energize three pumps.

The acceptance criteria for an AOO are identified in Section 15.0.0.2.  The purpose of 
analyzing the partial loss of forced reactor coolant flow event for the U.S. EPR, as 
described in AREVA Topical Report ANP-10263P-A,the Codes and Methods 
Applicability Report for the U.S. EPR, Section 5.2.2.3.1.1 (Reference 1), is to protect 
the DNB-specified acceptable fuel design limit (SAFDL).  The fuel centerline melt 
SAFDL is not challenged because no significant increase in core power occurs for this 
event.  This event does not challenge pressure limits because the turbine trip 
subsequent to the reactor trip will reduce the overpressurization due to the continued 
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heat removal by the turbine.  The delay between RT and turbine trip (TT) is such that 
adequate secondary side heat removal is maintained.

15.3.1.2 Method of Analysis and Assumptions

The systems response methodology for this event in (Reference 1) uses the S-RELAP5 
computer code to simulate the responses of the primary and secondary coolant 
systems, reactor, protective equipment and systems, and automatic controllers.  The 
change in DNB ratio (DNBR) is then calculated with the LYNXT core thermal-
hydraulic computer code (see Section 15.0.2.3) using the RCS response from S-
RELAP5 as a boundary condition.  Section 15.0.2.4 provides a description of the S-
RELAP5 code, and the DNBR methodology is described in AREVA Topical Report 
ANP-10287P the Incore Trip Setpoint and Transient Methodology for U.S. EPR 
(Reference 3).

A spectrum of cases is analyzed to determine the limiting �DNBR event.  These cases 
examined the range of initial conditions specified in Table 15.0-5, including time in 
cycle, with or without LOOP, zero percent or five percent tube plugging, manual or 
automatic turbine control, best estimate or thermal design RCS flow, various turbine 
trip delays, and tripping the RCP in different loops.

The analysis is biased for the conservative evaluation of the DNB SAFDL 
(Table 15.3-1—Decrease in Reactor Coolant System Flow Rate Events - Key Input 
Parameters).  The event is therefore initialized therefore at hot full power (HFP) plus 
measurement uncertainty in order to provide the largest initial power-to-flow ratio.  
Beginning-of-cycle (BOC) reactivity feedback coefficients are used to maximize 
reactor power during the event.  The inertia of the RCPs is reduced to accelerate their 
coastdown.  This condition makes the DNB results more severe and provides margin 
for the actual RCP coastdown performance.  RT is delayed by using RT trip setpoints 
that have been reduced by the normal uncertainty (refer to Table 15.0-7—Reactor 
Trip Setpoints and Delays Used in the Accident Analysis) and by using the maximum 
time delays.  Conservative RT reactivity insertion characteristics (refer to 
Figure 15.0-3 Figure 15.0-4—Normalized RCCA Reactivity Worth as a Function of 
Rod Drop Time) are assumed, including the maximum time delay with the most 
reactive rod held out of the core.

The S-RELAP5 model includes five percent steam generator (SG) tube plugging.  
Primary and secondary system pressures, average coolant temperature, and pressurizer 
(PZR) and SG levels are at their nominal hot full power (HFP) values.  Uncertainties in 
RCS pressure and temperature are addressed in the DNBR analyses.  Additionally, a 
loss of offsite power (LOOP) is assumed to occur coincident with turbine trip (TT).  
This assumption conservatively de-energizes the remaining RCPs.  The PS logic 
generates a TT one second after the RT de-energizes the control rod drives (refer to 
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Section 7.3.1.2.17).  The limiting case utilizes thermal design flow rate and trips the 
RCP in loop 3. 

The non-safety-related PZR spray system is modeled because it has the potential to 
make the DNB consequences more severe by limiting the RCS pressure increase during 
the event.  The event is terminated by reactor trip and Tthere are no single failures 
that make this event worse.  Table 15.3-2—Decrease in Reactor Coolant System Flow 
Rate Events - Key Equipment Status presents the status of key non-safety-related 
equipment.  Operator action is not credited to mitigate this event.  The limiting case 
and initial conditions for these cases are summarized in Tables 15.0-62 and 15.0-63, 
respectively.  The results for the limiting case are presented in Section 15.3.1.3.

15.3.1.3 Results

Table 15.3-3—Partial Loss of Forced Reactor Coolant Flow Event - Sequence of Events 
presents the sequence of events for the partial loss of forced reactor coolant flow event.  
The transient is initiated by the assumed spurious trip of one RCP.  The coastdown of 
the pump causes a decrease in flow in the affected loop and an increase in flow in the 
unaffected loops.  The net core flow decreases (Figure 15.3-1—Partial Loss of Forced 
Reactor Coolant Flow Event - RCS Flow Rates).  Reactor power and core heat flux 
stayThe lack of moderator feedback (Figure 15.3-13—Partial Loss of Forced Reactor 
Coolant Flow Event - Reactivity) causes the reactor power and core heat flux to stay 
relatively constant until RT (see Figure 15.3-2—Partial Loss of Forced Reactor Coolant 
Flow Event - Reactor Power and Figure 15.3-3—Partial Loss of Forced Reactor 
Coolant Flow Event - Core Average Heat Flux, respectively).  

The RCS pressure increase causes the PZR sprays to initiate (Figure 15.3-4—Partial 
Loss of Forced Reactor Coolant Flow Event - PressurizerPrimary System Pressure).  An 
RT signal is generated when the flow rate in the affected loop decreases to the safety-
related, low-low flow setpoint.  The turbine is tripped one second later, and the 
remaining RCPs are de-energized due to the assumed LOOP.  The time of maximum 
reduction in DNBR (�DNBR) occurs before TT, demonstrating that it is not affected by 
the assumed LOOP.  The �DNBR (Figure 15.3-14—Partial Loss of Forced Reactor 
Coolant Flow Event - Representative DNBR and LPD) does not challenge the DNB 
SAFDL.  Core inlet temperature is used in the determination of DNBR.  A plot is not 
provided because it changes little during the period of minimum DNBR.  The core 
inlet temperature stays relatively constant during the period of minimum DNBR 
(Figure 15.3-15—Partial Loss of Forced Reactor Coolant Flow Event - Core Inlet 
Temperature).  A plot of pressurizer safety relief valve (PSRV) flow rate is not 
provided because the PSRVs do not open during the period analyzed.

In the long term, the RCS pressure increases as the conditions for natural circulation 
are established.  The PZR safety relief valves (PSRVs) open to control pressure.  The 
main steam relief trains (MSRTs) and the emergency feedwater (EFW) system actuate 
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C. The core burnup is selected to yield the most limiting combination of 
moderator temperature coefficient, void coefficient, Doppler coefficient, axial 
power profile, and radial power distribution.

• Response: A conservative core burnup is selected as described in 
Section 15.3.1.2.

D. Mitigating systems should be assumed as actuated in the analyses at setpoints 
with allowance for instrument uncertainty in accordance with RG 1.105 and 
as determined by the organization responsible for instrumentation and 
controls.

• Response: The setpoints for the mitigating systems include instrument 
uncertainty as described in Section 15.3.1.2.

15.3.2 Complete Loss of Forced Reactor Coolant Flow

15.3.2.1 Identification of Causes and Event Description

The complete loss of forced reactor coolant flow may result from a simultaneous fault 
in the electrical power supplies of the RCPs.  The resulting decrease in reactor coolant 
flow (occurring while the plant is at power) degrades the core heat transfer and 
reduces the DNB margin.

The complete loss of forced reactor coolant flow causes an RT at either the low RCP 
speed setpoint or the low loop flow setpoint.  

The acceptance criteria for an AOO are identified in Section 15.0.0.2.  The purpose of 
analyzing the complete loss of forced reactor coolant flow event for the U.S. EPR 
(Section 5.2.2.3.1.1 of Reference 1) is to protect the DNB SAFDL.  The fuel centerline 
melt SAFDL is not challenged because there is no significant increase in core power for 
this event.  The pressure limits are not challenged by this eventThis event does not 
challenge pressure limits because the turbine trip subsequent to the reactor trip will 
reduce the overpressurization due to the continued heat removal by the turbine.  The 
delay between RT and TT is such that adequate secondary side heat removal is 
maintained.

15.3.2.2 Method of Analysis and Assumptions

The methods of analysis and assumptions used in the analysis of this event are 
described in Section 15.3.1.2 except as follows:

� The initiating event is an assumed LOOP that is simulated by tripping the four 
RCPs and isolating main feedwater (MFW).

� TT is delayed 3.0 s after RT for conservatism so that the pressure increase caused 
by TT occurs after the time of maximum �DNBR.
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� The DNBR associated with the free coastdown of the RCPs due to a LOOP bounds 
that caused by a frequency decay of up to 3.5 Hz/s.  Therefore, only the results of 
the LOOP-initiated event are provided.

� The PS logic initiates RT when two out of the four loops generate a low RCP speed 
signal.  In order to demonstrate that the necessary functionality is preserved when 
one PS division (coolant loop) is out of service for maintenance and another fails 
(single failure), it is assumed that the reactor trips only when the low RCP speed 
setpoint is reached in theall four coolant four loops.  

15.3.2.3 Results 

Table 15.3-4—Complete Loss of Forced Reactor Coolant Flow Event - Sequence of 
Events presents the sequence of events for the complete loss of forced reactor coolant 
flow event.  The transient is initiated by an assumed LOOP, which de-energizes the 
four RCPs and causes a decrease in the core flow rate (Figure 15.3-5—Complete Loss 
of Forced Reactor Coolant Flow Event - RCS Flow Rates).  Reactor power and core 
heat fluxThe lack of moderator feedback (Figure 15.3-16—Complete Loss of Forced 
Reactor Coolant Flow Event - Reactivity) causes the reactor power and core heat flux 
to stay relatively constant until RT (Figure 15.3-6—Complete Loss of Forced Reactor 
Coolant Flow Event - Reactor Power and Figure 15.3-7—Complete Loss of Forced 
Reactor Coolant Flow Event - Core Average Heat Flux, respectively).  

RCS pressure increases (Figure 15.3-8—Complete Loss of Forced Reactor Coolant Flow 
Event - Pressurizer Primary System Pressure), which causes the PZR sprays to initiate.  
An RT signal is generated when the low RCP speed setpoint is reached in the four 
loops.  The turbine is assumed to trip three seconds later to conservatively avoid an 
immediate increase in RCS pressure.  The maximum reduction in �DNBR (Figure 
15.3-17—Complete Loss of Forced Reactor Coolant Flow Event - Representative 
DNBR and LPD) occurs before TT and does not challenge the DNB SAFDL.  Core inlet 
temperature is used in the determination of DNBR.  A plot is not provided because it 
changes little during the period of minimum DNBR.  The core inlet temperature stays 
relatively constant during the period of minimum DNBR (Figure 15.3-18—Complete 
Loss of Forced Reactor Coolant Flow Event - Core Inlet Temperature).  A plot of PSRV 
flow rate is not provided because the PSRVs do not open during the period analyzed.

In the long term, the RCS pressure increases as the conditions for natural circulation 
are established.  The PSRVs open to control pressure.  The MSRTs and EFW system 
actuate to provide sufficient decay heat removal capability.  The continued removal of 
decay heat establishes and maintains a stable, controlled condition until the operator 
initiates a normal plant cooldown.

15.3.2.4 Radiological Consequences 

Radiological consequences are not calculated for this event because no fuel or cladding 
damage occurs.
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• Response: The setpoints for the mitigating systems include instrument 
uncertainty as described in Section 15.3.2.2. 

15.3.3 Reactor Coolant Pump Rotor Seizure

15.3.3.1 Identification of Causes and Event Description

The RCP rotor seizure (locked rotor) event is postulated to be an instantaneous seizure 
of an RCP rotor.  The sudden decrease in core coolant flow while the reactor is at 
power degrades core heat transfer and can lead to fuel damage.  The locked rotor 
causes flow in the faulted RCS loop to decrease rapidly, causing a partial RT when the 
flow reaches the low flow setpoint.  This partial RT is not credited in the analysis 
because it is not safety related and makes the event less severe.  An RT signal is 
generated when the flow reaches the safety-related, low-low flow setpoint and the 
reactor power is above the P3 permissive.

The purpose of analyzing the locked rotor event is to protect the DNB SAFDL.  
Radiological consequences from fuel failure, if the DNBR SAFDL is exceeded, are 
evaluated in Section 15.0.3.8.  Subsequent core cooling capability is verified.  The fuel 
centerline melt SAFDL is not challenged because there is no significant increase in 
core power for this event.  The pressure limits are not challenged by this event.This 
event does not challenge pressure limits because the turbine trip subsequent to the 
reactor trip will reduce the overpressurization due to the continued heat removal by 
the turbine.  The delay between RT and TT is such that adequate secondary side heat 
removal is maintained.

15.3.3.2 Method of Analysis and Assumptions

The methods of analysis and assumptions used in the analysis of this event are 
described in Section 15.3.1.2.  This postulated accident may lead to cladding failure 
due to the onset of DNB.  A transient LYNXT model, including uncertainties described 
in Section 4.4.4.5.2, is used for a conservative evaluation of the DNB SAFDL.  Rod 
failure by DNB is evaluated by comparing the rod average linear heat generation rate 
(LHGR) of a given fuel rod to the minimum rod average LHGR required for DNB.

DNB propagation is precluded if it can be demonstrated that the difference between 
the rod internal pressure and the system pressure is not large enough to cause cladding 
ballooning or rupture, thereby preventing constrictions in the adjacent subchannels 
that would lead to deteriorations in the fuel rod heat removal capacity.  Fuel failure 
propagation due to DNB is determined by evaluating the internal pressure of the fuel 
rods using the fuel rod design computer code COPERNIC, described in Section 
4.2.3.3.1.  If at any point of the transient a given rod’s internal pressure is greater than 
the system pressure, the entire fuel rod assembly is assumed to fail by DNB.  The 
methods used to determine the radiological consequences are described in 
Section 15.0.3.8.
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15.3.3.3 Results 

Table 15.3-5—Reactor Coolant Pump Rotor Seizure Event - Sequence of Events 
presents the sequence of events for the rotor seizure event.  The RCP rotor is assumed 
to lock instantaneously to initiate the event.  This condition causes a rapid decrease in 
the affected loop flow rate and causes flow to reverse within 2.0 s (Figure 15.3-9—
Reactor Coolant Pump Rotor Seizure Event - RCS Flow Rates).  The reactor is tripped 
on low-low flow in the affected loop.  This trip does not occur soon enough to 
maintain the DNBR above the 95 percent probability/95 percent confidence DNBR 
limit.  Evaluation of the most limiting fuel rod internal pressure shows that the fuel 
rod failures do not propagate to the surrounding rods in a given assembly.  It is 
conservatively predicted that eight percent of the core undergoes DNB-induced 
cladding failure.  Core cooling capability is maintained.

The response of additional system parameters is shown in Figure 15.3-10—Reactor 
Coolant Pump Rotor Seizure Event - Reactor Power through Figure 15.3-12—Reactor 
Coolant Pump Rotor Seizure Event - Core Average Heat Flux.  A plot of reactivity is 
also provided in Figure 15.3-19—Reactor Coolant Pump Rotor Seizure Event - 
Reactivity.  Core inlet temperature (Figure 15.3-20—Reactor Coolant Pump Rotor 
Seizure Event - Core Inlet Temperature) is used in the determination of DNBR.  A plot 
is not provided because it changes little during the period of minimum DNBR.  A plot 
of PSRV flow rate is not provided because the PSRVs do not open during the period 
analyzed.

15.3.3.4 Radiological Consequences 

Section 15.0.3.8 addresses the radiological impact associated with locked rotor event.  
A bounding value of 9.5 percent fuel failure is assumed in the radiological analysis 
(Section 15.0.3.8.2).  

15.3.3.5 Conclusions 

The potential fuel damage is sufficiently limited to enable the core to remain in place 
and intact with no loss of core cooling capability.  The calculated doses at the site 
boundary meet the acceptance criteria of 10 CFR Part 100.

15.3.3.6 SRP Acceptance Criteria

A summary of the SRP acceptance criteria for Section 15.3.3 events included in 
NUREG-0800, Section 15.3.3–15.3.4, (Reference 2) and descriptions of how these 
criteria are met are listed below:

1. Pressure in the reactor coolant and main steam systems should be maintained 
below acceptable design limits, considering potential brittle as well as ductile 
failures.
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 Figure 15.3-4—Partial Loss of Forced Reactor Coolant Flow Event - 
PressurizerPrimary System Pressure
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 Figure 15.3-8—Complete Loss of Forced Reactor Coolant Flow Event - 
Pressurizer Primary System Pressure
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 Figure 15.3-11—Reactor Coolant Pump Rotor Seizure Event - Pressurizer 
Primary System Pressure
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 Figure 15.3-13—Partial Loss of Forced Reactor Coolant Flow Event - 
Reactivity

EPR5800 T2
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 Figure 15.3-14—Partial Loss of Forced Reactor Coolant Flow Event –
 Representative DNBR and LPD

EPR5805 T2
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 Figure 15.3-15—Partial Loss of Forced Reactor Coolant Flow Event – Core 
Inlet Temperature

EPR5810 T2
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 Figure 15.3-16—Complete Loss of Forced Reactor Coolant Flow Event - 
Reactivity

EPR5815 T2
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 Figure 15.3-17—Complete Loss of Forced Reactor Coolant Flow Event – 
Representative DNBR and LPD

EPR5820 T2
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 Figure 15.3-18—Complete Loss of Forced Reactor Coolant Flow Event – 
Core Inlet Temperature

EPR5825 T2
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 Figure 15.3-19—Reactor Coolant Pump Rotor Seizure Event - Reactivity

EPR5830 T2
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 Figure 15.3-20—Reactor Coolant Pump Rotor Seizure Event – Core Inlet 
Temperature

EPR5835 T2
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� Low doubling time of intermediate range neutron flux.  This signal is the doubling 
time of the nuclear flux derived from the intermediate range detectors.

� Intermediate range high neutron flux.  This signal is the nuclear flux derived from 
the intermediate range detectors.  

These three trip setpoints are reached nearly simultaneously during uncontrolled 
RCCA bank withdrawals from HZP because of the fast power increase.

The applicable acceptance criteria for the uncontrolled RCCA bank withdrawal from a 
subcritical or low-power condition event are as follows:

� The DNBR thermal margin limit is met.

� Fuel centerline temperatures do not exceed the melting point.

� Uniform cladding strain does not exceed one percent.

The pressure acceptance criterion requires that the pressures in the reactor coolant and 
the main steam systems are maintained below 110 percent of their respective system 
design pressures.  RCS and secondary pressure do not rise significantly until turbine 
trip (TT) occurs on RT with delay.  Because TT occurs after RT, the capacity of the 
main steam relief trains (MSRT) is adequate to prevent opening of the main steam 
safety valves (MSSV).  RCS pressure does not increase to the pressurizer safety relief 
valve (PSRV) setpoint.  Therefore, peak RCS and secondary pressures for this event are 
bounded by the TT and main steam isolation valve closure (MSIVC) events, 
respectively.

This event primarily challenges the specified acceptable fuel design limits (SAFDL).  
The minimum calculated departure from nucleate boiling ratio (DNBR) is greater than 
the 95/95 safety limit of the applicable DNBR correlation, which demonstrates that a 
departure from nucleate boiling (DNB) is avoided.  The peak central temperature of 
the fuel is maintained lower than the melting pointing during the event.

15.4.1.2 Method of Analysis and Assumptions

The methodology for this event uses the S-RELAP5 computer code to simulate the 
responses to the event of the primary and secondary coolant systems, reactor, 
protective equipment and systems, and automatic controllers.  The transient analysis is 
performed using the methodology described in the Codes and Methods Applicability 
Report for the U.S. EPR (Reference 1).  Section 15.0.2 provides a description of the S-
RELAP5 analysis methodology.

The focus for this event is the SAFDLs.  A single S-RELAP5 system response case is 
analyzed for this event to evaluate the minimum departure from nucleate boiling ratio 
(MDNBR) and the peak fuel centerline temperature.  This limiting case uses the 

15-2

15-1, 15-5



U.S. EPR FINAL SAFETY ANALYSIS REPORT

Tier 2  Revision  1—Interim  Page 15.4-4

maximum RCCA bank withdrawal rate for the fastest possible power increase.  This 
limiting case also uses the most positive beginning of cycle (BOC) value for moderator 
temperature coefficient (MTC) with +2pcm/°F uncertainty added resulting in the 
fastest reactivity increase.  The most positive Doppler temperature coefficient is used 
and is also biased by 10 percent to minimize the effect of Doppler reactivity feedback 
during the event.  Doppler reactivity feedback will slow the reactivity increase because 
fuel temperature increases during this event.  The limiting case assumes a LOOP.  The 
limiting case uses the minimum TS value for scram reactivity worth to slow the rate of 
decrease in reactivity due to scram.  The limiting case also uses a maximum BOC value 
for delayed neutron fraction for reactivity conversion to produce lower kinetics 
feedback and the initial RCS loop flowrate is biased low to minimize MDNBR.

The core thermal-hydraulic computer code LYNXT is used to calculate the core flow, 
enthalpy distributions, DNBR, and peak fuel centerline temperatures using the RCS 
response from S-RELAP5 as a boundary condition as described in Incore Trip Setpoint 
and Transient Methodology for the U.S. EPR (Reference 2).

Table 15.4-1—Uncontrolled Control Bank Withdrawal from a Subcritical or Low-
Power Startup Condition - Key Input Parameters lists the key input parameters for the 
limiting case.  Table 15.4-2—Uncontrolled Control Bank Withdrawal from a 
Subcritical or Low-Power Startup Condition – Equipment Status lists the plant systems 
and equipment that are available to mitigate the effects of this event.  The effect of 
non-safety-related equipment is considered in this analysis when it results in a more 
limiting transient.  The analysis assumes that the most reactive RCCA is stuck in a fully 
withdrawn position.  There is no single failure that can lead to more severe 
consequences.  The PS is single failure proof due to its redundancy.  The uncontrolled 
RCCA bank withdrawals from HZP are simulated by withdrawing either the control 
banks or the shutdown banks with maximum RCCA velocity.  

15.4.1.3 Results 

Table 15.4-3—Uncontrolled Control Bank Withdrawal from a Subcritical or Low-
Power Startup Condition – Sequence of Events presents the sequence of events for the 
limiting case.  Figure 15.4-1—Uncontrolled Control Bank Withdrawal from a 
Subcritical or Low Power Startup Condition - Reactor Power through Figure 15.4-5—
Uncontrolled Control Bank Withdrawal from a Subcritical or Low Power Startup 
Condition - Cold Leg Mass Flow, Figure 15.4-44—Uncontrolled Control Bank 
Withdrawal from a Subcritical or Low Power Startup Condition - Primary Hot Leg 
Temperature, and Figure 15.4-45—Uncontrolled Control Bank Withdrawal from a 
Subcritical or Low Power Startup Condition - Primary Cold Leg Temperature  present 
the response of the most important system parameters.

The minimum DNBR remains above the design limit value (refer to Section 4.4).  The 
peak fuel centerline temperature remains below the fuel melting point.  The fuel 
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As determined from the transient events, the reactor system is protected during the 
RCCA bank withdrawal at power with the following RT setpoints:

� Low DNBR.

� High LPD.

� Excore high neutron flux rate-of-change protection.

� High core power level protection.

� High pressurizer level protection.

� High SG pressure.

For fast reactivity transients, the excore neutron flux measurement provides a short 
response time to protect the core.  The remaining trips provide core protection for all 
but the fastest reactivity transients.  Only those trips that are credited in terminating 
the event are listed above.

The applicable acceptance criteria for the uncontrolled RCCA bank withdrawal at 
power event are as follows:

� The DNBR thermal margin limit is met.

� Fuel centerline temperatures do not exceed the melting point.

� Uniform cladding strain does not exceed one percent.

The pressure acceptance criterion requires that the pressures in the reactor coolant and 
the main steam systems are maintained below 110 percent of their respective system 
design pressures.  RCS and secondary pressure do not rise significantly until TT occurs 
on RT with delay.  Because TT occurs after RT, the capacity of the MSRTs is adequate 
to prevent opening of the MSSVs.  RCS pressure does not surpass the PSRV setpoint.  
Therefore, peak RCS and secondary pressures for this event are bounded by the TT and 
MSIVC events, respectively.

This event primarily challenges the SAFDL.  The DNB SAFDL is satisfied by the 
combination of the low DNB limiting condition for operation (LCO) and RT setpoint, 
as described in Reference 2.  The dynamic compensation of the low DNB channel 
algorithm is shown to be adequate to protect the SAFDL when the RT setpoint is 
reached.  The fuel centerline melt and cladding strain SAFDLs are satisfied by the 
combination of the high LPD LCO and RT setpoint as described in Reference 2.  The 
dynamic compensation of the high LPD channel algorithm is shown to be adequate to 
protect the SAFDL when the RT setpoint is reached. The high linear power density 
(HLPD) limits are not exceeded, which demonstrates that fuel centerline melt and one 
percent uniform clad strain is prevented.  
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the power overshoot is a function of the core reactivity coefficients, dropped rod 
worths, differential bank worths, and excore detector shadowing responses.

The plant response to a dropped RCCA event during ACT control function mode also 
depends on the PS processing of the excore and self-powered neutron detector (SPND) 
signals.  Dropping a single RCCA near the detector may affect the ACT control 
function gain more than is proportionate to the change in core power corresponding to 
the dropped rod worth.  This phenomenon is termed “shadowing” because the detector 
generates a false low-power signal.  When a single RCCA is dropped near the control 
detector, the detector is shadowed and the reduction in the detected flux is greater 
than the corresponding core-average value.   

To a lesser extent, during the RCS cooldown transient, the excore detector under-
detects the reactor power because the density of the reactor vessel downcomer fluid is 
increased relative to the conditions at which the detector is calibrated.  The detector 
therefore indicates a lower-than-actual power level and sends an output signal to the 
core control system.  This condition causes overcompensation.  While the excore 
detector closest to the dropped rod is shadowed, the excore detector on the opposite 
side of the reactor reads higher than the core average.  In the U.S. EPR, the reactor 
control surveillance limitation (RCSL) design for handling excore shadowing 
auctioneers the second highest excore signal for use in the control system.

Since the PS system function that mitigates this event is redundant, no single failure 
makes the consequences of this event more severe.

The applicable acceptance criteria for this event are as follows:

� The DNBR thermal margin limit is met.

� Fuel centerline temperatures do not exceed the melting point.

� Uniform cladding strain does not exceed one percent.

This event primarily challenges the SAFDL.  The DNB SAFDL is satisfied by the 
combination of the low DNB LCO and RT setpoint described in Reference 2.  The 
dynamic compensation of the low DNB channel algorithm is shown to be adequate to 
protect the SAFDL when the RT setpoint is reached.  The HLPD limits are not 
exceeded, which demonstrates that fuel centerline melt and one percent uniform clad 
strain is prevented.  Overpressurization is not a concern since the secondary system is 
not isolated until after RT.  

15.4.3.1.2 Method of Analysis and Assumptions

The S-RELAP5 computer code calculates the thermal hydraulic response of the 
primary and secondary systems using the methodology of Reference 1.  Section 15.0.2 
provides a description of the S-RELAP5 analysis methodology.
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The low DNB channel algorithm is simulated to predict RT and adequacy of the 
dynamic compensation of the algorithm as described in Reference 2 (see 
Section 15.4.2.2 for more detail).  Cases are analyzed for a spectrum of dropped rod 
reactivity worths, BOC and EOC neutronics feedbacks, and two core power levels.  
These analyses are performed at the maximum average RCS temperature and are 
initiated at power levels of 90 percent and HFP.  The 90 percent power level was 
selected for analysis to confirm that HFP cases are limiting.  The analyses assume the 
design maximum number of plugged SG tubes of five percent to minimize heat 
removal by the secondary system.  A total of four categories of events are analyzed to 
assess the combinations of ACT control function operation (active or inactive) and 
steam turbine control (automatic or manual).  Table 15.4-7—Dropped RCCA – Key 
Input Parameters presents key input parameters for these analyses and Table 15.4-8—
Dropped RCCA – Equipment Status presents the status of key equipment.

The insertion of an RCCA bank is detected by the PS RCCA position measurement 
function, which is a safety-related system that detects the position of the RCCAs 
within the reactor vessel.  The drop of a single RCCA might not be detected if reactor 
control cluster acquisition unit is unavailable.  Therefore, the RCCA position 
measurement system is credited for determining the low DNB and HLPD trip setpoints 
for RCCA bank drops, but not for the drop of a single RCCA.

The response of the non-safety-related rod drop limitation function to the drop in 
reactor power is to reduce the turbine and generator load setpoint to match the 
decreased reactor power level.  In addition, the rod drop limitation function blocks 
automatic withdrawal of control RCCAs used to maintain the initial reactor power 
level and average coolant temperature.  These protective actions are not credited in the 
analyses because the rod drop limitation function is not safety related.  

The core protection functions that are available depend on the RCCA insertion failure 
and plant operating mode prior to the event.  The low-DNBR and HLPD protection 
functions protect the core for events with a small increase in reactivity.  If the 
reactivity increase or the rate of increase is large, the high neutron flux rate of change 
(power range), high neutron flux (intermediate range) or high neutron flux (source 
range) protection functions protect the core (Section 7.2.1.2.3).   

It is assumed conservatively that offsite power is lost with RT.  This condition causes 
the coastdown of the RCPs, which briefly reduces the margin to DNB.  The limiting 
single active failure is the least-shadowed, highest-reading excore detector that 
provides input to the ACT control function.  This provides the ACT control system 
with a lower than actual power level, thereby causing more rod withdrawal and 
greater over-compensation.The S-RELAP5 model applies a conservative RCCA 
shadowing factor to the second least shadowed detector as a function of rod worth and 
rod location.
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15.4.3.1.3 Results

The analyses demonstrate that the most limiting RCCA drop event is the one in which 
the ACT control function is active with automatic turbine valve control.As indicated 
in Table 15.0-62—Transient Analysis Limiting Cases and Table 15.0-63—Transient 
Analysis Limiting Case Conditions, there is no one specific limiting case.  The analyses 
demonstrate that the RCCA drop event with the ACT control function active and 
automatic turbine valve control is more limiting because of the more rapid return to 
power.  Table 15.4-9—Dropped RCCA – Sequence of Events presents the sequence of 
events for a representative, 423 pcm, dropped RCCA bank case.  Figure 15.4-15—
Dropped RCCA - Reactor Power through Figure 15.4-19—Dropped RCCA - Primary 
System Temperature present the plant response for this event.  

The DNB RT setpoints as well as the dynamic compensation built into the low DNB 
channel algorithm are adequate to protect the DNB SAFDL for conditions that cause 
the low DNB channel to issue an RT.  For conditions where the DNB degradation does 
not cause an RT, the DNB LCO is adequate to protect the DNB SAFDL.  

The peak fuel centerline temperature remains below the fuel melting point and 
uniform clad strain remains below one percent.

15.4.3.1.4 Radiological Consequences

No radiological consequences are calculated for this event because no fuel or cladding 
damage is predicted and no radiological releases to the environment occur.  

15.4.3.1.5 Conclusions

The analyses show that the plant instrumentation, protection functions, and 
equipment are sufficient to preclude fuel or cladding damage for the dropped RCCA 
event.  The core remains adequately cooled throughout this event.  

15.4.3.2 Statically Misaligned RCCA

The effects of a statically misaligned RCCA are described in the setpoint methodology 
of Reference 2.  

15.4.3.3 Single RCCA Withdrawal

15.4.3.3.1 Identification of Causes and Event Description

The accidental withdrawal of a single RCCA at power can occur in the following 
scenarios:

� When the reactor is operating in manual mode, the operator withdraws a single 
RCCA deliberately because of misinformation that the clusters are misaligned or 
that one cluster has dropped.
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� Peak RCS pressure does not exceed 110 percent of design pressure.  

Because this event causes only minor pressurization of the RCS, the analysis is biased 
to evaluate the minimum DNBR acceptance criterion.The pressure acceptance 
criterion requires that the pressures in the reactor coolant and the main steam systems 
are maintained below 110 percent of their respective system design pressures.  RCS 
and secondary pressures do not rise significantly for this event.  Peak RCS and 
secondary pressures for this event are bounded by the TT and MSIVC events, 
respectively.  Because this event causes only minor pressurization of the RCS and 
secondary, the analysis is biased to evaluate the minimum DNBR acceptance criterion.

15.4.4.2 Method of Analysis and Assumptions

The S-RELAP5 computer code calculates the thermal hydraulic response of the 
primary and secondary systems using the methodology of Reference 1.  Section 15.0.2 
provides a description of the S-RELAP5 analysis methodology.

The results of the S-RELAP5 analysis of this event will be used for the purpose of 
evaluating compliance with the SAFDL.  A single S-RELAP5 system response case is 
analyzed for this event to evaluate the MDNBR and the peak fuel centerline 
temperature.

It is anticipated that a partial scram will reduce reactor power to below 50 percent, 
prior to this event.  For this analysis, the power level after partial scram is biased 
upward by 10 percent, yielding a conservative initial power level of 60 percent.  The 
higher power level minimizes the MDNBR that occurs during the event.  The RCPs 
will begin to coast down, further eroding the margin to DNB.  The initial RCS loop 
flowrate is biased low to minimize MDNBR.

The analysis of the limiting case is performed with EOC fuel properties and neutronics 
kinetics input.  A limiting MTC with a -2pcm/°F bias is used.  The most negative 
Doppler temperature coefficient is used and is also biased by 10 percent.  Using EOC 
kinetics is limiting because it uses the most negative MTC.  A negative MTC 
maximizes the reactivity input to the core as the core average temperature decreases 
with the increased core inlet flow.  The limiting case also uses a minimum EOC value 
for delayed neutron fraction for reactivity conversion to produce higher kinetics 
feedback.

The core thermal-hydraulic computer code LYNXT, as described in Section 4.4.4.5.2, 
uses the RCS response from S-RELAP5 is used to calculate the core flow, enthalpy 
distributions, and DNBR.  A deterministic evaluation is made of the maximum linear 
power density (LPD). and peak fuel centerline temperatures.  It uses the RCS response 
from S-RELAPS as a boundary condition as described in Reference 2.  Administrative 
controls limit the power level at which the fourth RCP can be started.  The event is 
analyzed from a 60 percent power EOC initial condition.  The event is initiated by the 
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startup of the idle fourth RCP.  If the moderator temperature coefficient of reactivity is 
negative, an insertion of positive reactivity and an increase in reactor power occurs.  It 
is assumed conservatively that rod control is in manual mode.  The analysis of this 
event uses a conservatively large negative moderator temperature coefficient 
associated with the EOC.  

Table 15.4-10—Startup of an Inactive Reactor Coolant Pump at an Incorrect 
Temperature – Key Input Parameters presents key input parameters and 
Table 15.4-11—Startup of an Inactive Reactor Coolant Pump at an Incorrect 
Temperature – Equipment Status presents the status of key equipment available to 
mitigate this event.

There is no single failure that makes this event more severe.  The PS is single failure 
proof due to its redundancy.  The only plant system that affects the response in this 
event is the non-safety-related pressurizer sprays, which are assumed active.  This 
condition reduces the increase in RCS pressure and, therefore, reduces DNBR margin.

15.4.4.3 Results

Table 15.4-12—Startup of an Inactive Reactor Coolant Pump at an Incorrect 
Temperature – Sequence of Events presents the sequence of events for this scenario.  
Figure 15.4-20—Startup of an Inactive Reactor Coolant Pump at an Incorrect 
Temperature - Total RCS Loop Flow through Figure 15.4-27—Startup of an Inactive 
Reactor Coolant Pump at an Incorrect Temperature – RCS Bottom Pressure present 
the plant response to this event.  

RCS flow increases rapidly to full flow following the start of the fourth RCP (see 
Figure 15.4-20—Startup of an Inactive Reactor Coolant Pump at an Incorrect 
Temperature - Total RCS Loop Flow).  This condition causes a decrease in the core 
temperatures (see Figure 15.4-23—Startup of an Inactive Reactor Coolant Pump at an 
Incorrect Temperature – Core Temperatures).  Reactor power increases to a maximum 
value of 75.7 percent during this time period due to the positive reactivity insertion 
associated with the decrease in the core average temperature (see Figure 15.4-24—
Startup of an Inactive Reactor Coolant Pump at an Incorrect Temperature – Indicated 
Reactor Power).  No RT setpoints are reached.  The combination of Doppler feedback 
(see Figure 15.4-25—Startup of an Inactive Reactor Coolant Pump at an Incorrect 
Temperature – Reactivity) and increasing RCS cold leg temperatures (see 
Figure 15.4-26—Startup of an Inactive Reactor Coolant Pump at an Incorrect 
Temperature – Cold Leg Temperatures) stop the power excursion once the pump 
reaches full speed.  The DNB LCO is set sufficiently high that the startup of an inactive 
reactor coolant loop does not challenge the DNB SAFDL limits.  Figure 15.4-47—
Startup of an Inactive Reactor Coolant Pump at an Incorrect Temperature - 
Normalized Minimum DNBR and Maximum LPD to SAFDL presents the DNB and 
LPD normalized to their respective SAFDLs.
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� Very fast increase of the neutron flux and reactor power with strong spatial 
redistribution axially and radially near the fuel assembly with the ejected rod.

� Heat conductance in the fuel rods and different heat transfer regimes from the 
cladding to the coolant.

� Coolant flow behavior dependent on pressure drop and crossflow.

� Maximum heat flux typically reached before RT.

A spectrum of RCCA worths is evaluated.  Some events might not cause RT, in which 
case the inherent reactivity feedback from fuel temperatures acts to stabilize the 
reactor power at some elevated power level, whereupon the balance of plant systems 
begin to respond.  Most of the transients with high worth control rods and negative 
moderator reactivity coefficients occur rapidly, so that the changes in primary system 
and secondary system parameters are limited and do not influence the core transients.  

Fuel Cladding Failure Criteria for Radiological Assessment

The total number of fuel rods that must be considered in the radiological assessment is 
equal to the sum of the fuel rods failing one or more of the criteria from Reference 3, 
Appendix B, Section B, page 4.2-33.

Core Cooling Acceptance Criteria

Fuel rods are evaluated using design-specific criteria that account for manufacturing 
tolerances and modeling uncertainties using NRC-approved methods (References 1, 2, 
and 5), including acceptance criteria for burnup-enhanced effects on pellet power 
distribution, fuel thermal conductivity and fuel melting temperature.  Table 15.4-14—
Rod Ejection Accident DNBR Analysis – Ejected Rod Analysis Limits for U.S. EPR 
provides a summary of the analysis limits for the U.S. EPR.

15.4.8.2.2 Overpressurization

The plant simulation computer code S-RELAP5 (Reference 1) is used to determine the 
peak pressure response of the primary system to the RCCA ejection event.  For the 
overpressurization analysis, the assumption is that the RCCA is ejected, but not totally 
released from the drive mechanism.  Boundary conditions for this analysis are biased 
in order to provide the largest magnitude pressure response.  The resulting maximum 
pressure is verified not to exceed the system design pressure limit for postulated 
accidents.

The S-RELAP5 analysis is performed for a spectrum of three initial power levels:  HFP 
(with an upward bias of 0.48 percent for uncertainty), 60 percent Power and HZP.  
The worth of the ejected RCCAs is conservatively biased higher.  The calculated worth 
is 27 pcm for HFP and 402 pcm for HZP, whereas 300 pcm and 700 pcm are the ejected 
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worth values used in the S-RELAP5 analysis for HFP and HZP, respectively.  The 
limiting case for highest peak RCS pressure is the HZP case.  This limiting case also 
uses the most positive BOC value for MTC with +2pcm/°F uncertainty added resulting 
in the fastest reactivity increase.  The most positive Doppler temperature coefficient is 
used and is also biased by 10 percent to minimize the effect of Doppler reactivity 
feedback during the event.  Doppler reactivity feedback will slow the reactivity 
increase because the fuel temperature increases during this event.  The limiting case 
also uses a maximum BOC value for delayed neutron fraction for reactivity conversion 
to produce lower kinetics feedback.  The limiting case uses the minimum TS value for 
scram reactivity worth to slow the rate of decrease in reactivity due to reactor trip 
(RT).  

Neither a single failure nor equipment taken out of service makes the RCS 
overpressurization more severe due to this event.  For overpressurization of the RCS, 
this event is mitigated solely by the PS.  The redundant design of the PS makes it 
single-failure proof.  Following RT, it is assumed that the highest worth rod is stuck 
above the core.

Table 15.4-15—Rod Ejection Accident Overpressurization Analysis – Key Input 
Parameters presents the initial conditions used in the S-RELAP5 analysis.  
Table 15.4-16—Rod Ejection Accident Overpressurization Analysis – Equipment 
Status presents the status of key plant systems and equipment.  The maximum reactor 
pressure during the excursion must remain below Service Limit C as defined by the 
ASME Boiler and Pressure Vessel Code (Reference 6).  The S-RELAP5 analysis is used 
to demonstrate that the primary pressure does not exceed 120 percent of the system 
design pressure (i.e., 3056 psia).The pressure acceptance criterion requires that the 
pressures in the reactor coolant and the main steam systems are maintained below 120 
percent of their respective system design pressures per Service Limit C as defined in 
the ASME Code (Reference 6).

15.4.8.3 Results

15.4.8.3.1 Core Thermal-Hydraulics and Neutronics

The rod configurations are evaluated to determine the most limiting cases from a 
spectrum of RCCA worths and initial power levels ranging from HZP to HFP.  In all 
cases evaluated, the inherent negative fuel Doppler reactivity coefficient is adequate to 
limit the power excursion.

For the scenarios that cause DNBR to fall below the DNB SAFDL limit, the percent of 
fuel rods that fail remains below the radiological release limit.  If the reactor does not 
initially trip on the neutron signals, the event then becomes similar to a single rod 
withdrawal event described in Section 15.4.3.  The potential for the additional 
depressurization of the primary due to leakage from the ejected rod flange housing 
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through Figure 15.4-53—HZP Rod Ejection Accident Overpressurization Analysis - 
Primary Cold Leg Temperature present the transient response.

The above results demonstrate that peak primary pressures for these events are well 
below 120 percent of the system design pressure (3056 psia).  Because TT occurs after 
RT, the capacity of the MSRTs is adequate to prevent opening of the MSSVs.

15.4.8.4 Radiological Consequences

The radiological consequences of the rod ejection accident are evaluated in 
Section 15.0.3.9.

15.4.8.5 Conclusions 

For the spectrum of rod ejection accidents evaluated, none of the power excursions 
caused the fuel temperatures to reach either the limiting fuel melt temperature or the 
fuel enthalpy limits.  For the events which exceeded the DNBR limit, the number of 
fuel failures was less than the value allowed for the radiological release limit.  The 
stresses due to the primary pressure response during the transients did not exceed 
Service Limit C defined in the ASME Code (Reference 6).  

15.4.8.6 SRP Acceptance Criteria

A summary of the SRP acceptance criteria for Section 15.4.8 events included in 
NUREG-0800, Section 15.4.8, (Reference 3) and descriptions of how these criteria are 
met are listed below:

1. GDC 13, describes the availability of instrumentation to monitor variables and 
systems over their anticipated ranges to provide adequate safety, and of 
appropriate controls to maintain these variables and systems within prescribed 
operating ranges.

� Response: The successful mitigation of the spectrum of rod ejection accidents 
as shown in Section 15.4.8.3.1 demonstrates that the PS is adequate.  The 
instrumentation and control for the RPS is presented in Sections 7.2 and 7.3.  
Initial conditions for the analysis took into account the limiting rod worths 
from rod insertion limits, reactivity coefficients for three-dimensional nodal 
calculations, and a breadth of operating conditions.

2. Acceptance criteria are based on meeting GDC 28 requirements as to the effects of 
postulated reactivity accidents that result in neither damage to the reactor coolant 
pressure boundary greater than limited local yielding nor sufficient damage to 
impair significantly core-cooling capacity.  Regulatory positions and specific 
guidelines necessary to meet the relevant requirements of GDC 28 are in RG 1.77 
and SRP Section 4.2 (Reference 3).  The maximum reactor pressure during the 
assumed excursion should be less than the value that result in stresses that exceed 
Service Limit C as defined in Reference 6.
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 Table 15.4-14—Rod Ejection Accident DNBR Analysis – Ejected Rod 
Analysis Limits for U.S. EPR

 Table 15.4-15—Rod Ejection Accident Overpressurization Analysis – Key 
Input Parameters

Criterion Description Limit
Maximum enthalpy of the fuel <150 cal/g
Maximum energy deposition during prompt power pulse for core powers 
<5%

<110 cal/g

Fuel melt during prompt power pulse =0.00%
After power pulse, limit on # of pins effectively failed due to DNBR or fuel 
melt 

<30%

Parameter Value
Initial reactor power 4.6 W at HZP

2754 MW at Hot 60% Power
45904612 MW at 100%HFP

Average RCS temperature 578°F  at 0%
587°F for 25% to 35%

594°F for 60% to 100%
Initial PZR pressure 2250 psia

Initial RCS loop flow rate 119,692 gpm  per loop
Ejected RCCA worth 300 pcm at HFP

500 pcm at 60%
700 pcm at HZP

Moderator temperature coefficient 0.0 pcm/°F at HFP
3.73 pcm/°F at HZP and at 60%

Doppler temperature coefficient -1.17 pcm/°F
Bounding value for fraction of delayed 

neutrons (�)
0.007358

Scram reactivity 6161 pcm at HFP (BOC)
5964 at 60% BOC
3000 pcm at HZP

238U238 capture to Fission Ratio 0.85

Fraction of scram reactivity vs.  fraction of 
insertion distance

HFP curve used for starting powers over 50%.  Under 
50%, use the HZP curve.

Time when LOOP is assumed LOOP is not required

15-1



U.S. EPR FINAL SAFETY ANALYSIS REPORT

Tier 2  Revision  1—Interim  Page 15.5-2

the loss of main feedwater (MFW).  Without MFW, the steam generator (SG) level 
drops.  After a slight delay, the main steam relief trains (MSRT) open on the secondary 
side to control pressure.  Emergency feedwater (EFW) is automatically actuated as SG 
level decreases to the actuation setpoint.  During this time, the reduction in SG heat 
removal causes the RCS coolant to heat-up and expand, which contributes to the 
increase in PZR level.  The resulting pressurization of the RCS causes the PZR safety 
relief valves (PSRV) to open to control primary system pressure.  After 30 minutes, the 
operator terminates the event by de-energizing the EBS pumps or closing the EBS 
isolation valves.  No other operator actions are credited.  At this point, the plant is in a 
controlled state with continued secondary system heat removal, primary system 
pressure control, and PZR level control.  

The EBS malfunction event is classified as an anticipated operational occurrence 
(AOO).  The acceptance criteria for AOOs are in Section 15.0.0.2 and include:

� Pressure in the reactor coolant and main steam systems should be maintained 
below 110 percent of the design values.

� Fuel cladding integrity should be maintained by maintaining the minimum 
departure from nucleate boiling ratio (DNBR)  above the 95/95 DNBR limit.

� An AOO should not generate a more serious plant condition without other faults 
occurring independently.

15.5.1.2 Method of Analysis and Assumptions 

The S-RELAP5 computer code, described in Section 15.0.2.5, is used to calculate the 
transient thermal and hydraulic response of the primary and secondary systems in 
accordance with the NRC approved methodology described in the Codes and Methods 
Applicability Report for the U.S. EPRAREVA Topical Report ANP-10263-P 
(Reference 1).  The computer code simulates the necessary components and contains 
the features required to model this event.  This event is not limiting with respect to the 
departure from nucleate boiling ratio (DNBR) because pressure is increasing during 
the event until operator action is taken.

The following are assumed for analysis:

� Two EBSs actuate.

� The reactivity effects of EBS boron addition are neglected; the automatic rod 
position controller is in the manual mode.

� CVCS charging and letdown are assumed balanced and therefore are neglected.

� LOOP is assumed to occur with RT because, without LOOP, the RCPs remain in 
operation.  This condition avoids the heatup and expansion of the RCS associated 
with establishing natural circulation.
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� The single failure is the closure of one main steam relief control valve (MSRCV) 
when the main steam relief isolation valve (MSRIV) opens; equipment 
maintenance does not make the event more severe.  

� The operation of non-safety-related equipment is assumed when it results in a 
more limiting transient.  In this case, PZR heaters and sprays are assumed to 
operate as designed.  

The analysis is initiated from full power normal operating conditions at the nominal 
primary coolant average temperature.  Table 15.5-1—Inadvertent Operation of the 
EBS - Key Input Parameters, presents the initial conditions and key inputs.  
Table 15.5-2 presents the status of mitigating equipment and components.  The PS 
initiates RT on either high-PZR level or pressure.

To determine the limiting event for each acceptance criteria for the EBS malfunction 
event, a spectrum of scenarios are examined.  The spectrum examines the range of 
initial conditions specified in Table 15.0-5, including time in cycle, with or without 
LOOP, with or without pressure control, zero percent or five percent tube plugging,  
manual rod control (MRC) or average coolant temperature (ACT) control, nominal or 
low initial RCS pressure, nominal, high, or low initial PZR levels, and high or low 
PSRV opening and closing tolerances.  Because of the similarity between this event 
and the CVCS malfunction event described in Section 15.5.2, the limiting scenario and 
conditions determined for the CVCS malfunction event are used in this analysis.

The event is terminated by a high PZR level trip in conjunction with the operator de-
energizing the EBS pumps or closing the EBS isolation valves after 30 minutes.  The 
charging flow, if operational, is automatically isolated on RT with LOOP or at high 
PZR level for RT with no LOOP.  SI and EFW are not actuated for this event.  After 
RT, the MSRTs open to relieve SG pressure and this enhances primary-to-secondary 
heat transfer.  Failure of one MSRT and closure of one MSRCV when the MSRIV 
opens, is the most limiting single failure because the reduced heat transfer from the 
primary system to the secondary system increases the heatup of the RCS.

The criterion pertaining to the DNBR is not challenged because the RCS pressure is 
increasing or constant and the power is constant during the event.  RCS 
overpressurization is the primary concern and the RCS pressure is maintained within 
acceptance limits by the PSRVs.  The secondary system pressure is maintained within 
acceptance limits by the MSRTs.  The PZR does not overfill during the event, 
therefore the event does not lead to a more serious plant condition.

Various parameters are selected to maximize the RCS pressurization and overfill, based 
on the sensitivity studies performed for the CVCS malfunction event.  The event 
analysis considers hot full power and low RCS loop flow rate.  The limiting case 
conditions are: HFP, BOC, MRC, pressure control, LOOP, five percent SG tube 
plugging, nominal PZR pressure and level, and PSRVs biased low.  The limiting case 
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and the initial conditions for these cases are summarized in Tables 15.0-62—Transient 
Analysis Limiting Cases and 15.0-63—Transient Analysis Limiting Case Conditions, 
respectively.  The results for the limiting case are presented below.

15.5.1.3 Results 

Table 15.5-3 presents the sequence of events for this analysis.  Figure 15.5-1 through 
Figure 15.5-5 show transient reactor power, core average heat flux, core inlet mass 
flux, RCS temperature, and PZR pressure.

PZR level increases because of the EBS injection until the reactor trips on high PZR 
level (see Figure 15.5-6).  After RT, the level increase results mainly from primary 
coolant expansion due to the increase in SG pressure to the MSRT setpoint and 
established RCS conditions for natural circulation.  The EBS injection continues to 
contribute to the level increase.  EBS injection is terminated by the operator after 30 
minutes.  The peak PZR level is reached before the PZR fills (Figure 15.5-6).  The 
PSRVs open just after RT to prevent overpressurization of the RCS (Figure 15.5-5).  
Flow through the PSRVs is provided in Figure 15.5-7.  

Figure 15.5-8 shows the secondary pressure response and Figure 15.5-9 shows the EBS 
flow rate used in the analysis.  Minimum DNBR is not challenged during the transient.

15.5.1.4 Radiological Consequences

No radiological consequences are associated with this event because no fuel or 
cladding failures occur, and no radiological releases to the environment occur.  The 
discharge of primary fluid into containment due to PSRV opening is bounded by other 
events.  Radiological evaluations are described in Section 15.0.3.

15.5.1.5 Conclusions

The following acceptance criteria derived from GDC 10, GDC 13, GDC 15, and GDC 
26 (Section 3.0), as described in Section 15.0.0.2, are met for this event:

� Pressure in the reactor coolant and main steam systems are maintained below 110 
percent of the design values presented in Section 5.1.4.

� Fuel-cladding integrity is maintained by keeping the minimum DNBR above the 
95/95 DNBR limit.

� An AOO does not generate a more serious plant condition without other faults 
occurring independently.  

RCS overpressurization is the primary concern for this event.  The analysis shows the 
RCS is maintained within pressure acceptance limits by the PSRVs.  The PZR does not 
overfill during the event.  Secondary system pressure is maintained within acceptance 
limits by the MSRTs.
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system is not operating, the MSRTs operate to control secondary system pressure.  The 
expansion of the RCS inventory contributes to an increase in PZR level.  If pressure in 
the primary system increases to the PSRV setpoint, they open to terminate the 
pressure increase.

The event is terminated by an RT and safety-related isolation of the charging pump on 
high PZR level.  No operator actions are required or credited during the event.

The EBS malfunction event is classified as an anticipated operational occurrence 
(AOO).  The acceptance criteria for AOOs are in Section 15.0.0.2 and include:

� Pressure in the reactor coolant and main steam systems should be maintained 
below 110 percent of the design values.

� Fuel cladding integrity should be maintained by maintaining the minimum 
departure from nucleate boiling ratio (DNBR)  above the 95/95 DNBR limit.

� An AOO should not generate a more serious plant condition without other faults 
occurring independently.

15.5.2.2 Method of Analysis and Assumptions 

The S-RELAP5 computer code, described in Section 15.0.2.5, is used to calculate the 
transient thermal and hydraulic response of the primary and secondary systems in 
accordance with the NRC approved methodology described in Reference 1.  The 
computer code simulates the necessary components and contains the features required 
to model this event.  The minimum DNBR is evaluated for this event using the 
methodology in the ACH-2 CHF Correlation for the U.S. EPRAREVA Topical Report 
ANP-10269P-A (Reference 3).

The following are assumed for analysis:

� Two CVCS charging pumps actuate and letdown is isolated.

� LOOP is assumed to occur with RT because without LOOP, RCPs remain in 
operation, which avoids the heatup and expansion of the RCS associated with 
establishing natural circulation.

� The single failure is the closure of one MSRCV when the MSRIV opens; 
equipment maintenance does not make the event more severe.  

� The operation of non-safety-related equipment is assumed when it results in a 
more limiting transient.  In this case, PZR heaters and sprays are assumed to 
operate as designed.  

� No operator actions are credited to mitigate this event.  However, it is assumed 
that the operator restarts one CVCS charging pump following LOOP because this 
action makes the event more severe.
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system is not operating, the MSRTs operate to control secondary system pressure.  The 
expansion of the RCS inventory contributes to an increase in PZR level.  If pressure in 
the primary system increases to the PSRV setpoint, they open to terminate the 
pressure increase.

The event is terminated by an RT and safety-related isolation of the charging pump on 
high PZR level.  No operator actions are required or credited during the event.

The CVCS malfunction event is classified as an anticipated operational occurrence 
(AOO).  The acceptance criteria for AOOs are in Section 15.0.0.2 and include:

� Pressure in the reactor coolant and main steam systems should be maintained 
below 110 percent of the design values.

� Fuel cladding integrity should be maintained by maintaining the minimum 
departure from nucleate boiling ratio (DNBR)  above the 95/95 DNBR limit.

� An AOO should not generate a more serious plant condition without other faults 
occurring independently.

15.5.2.2 Method of Analysis and Assumptions 

The S-RELAP5 computer code, described in Section 15.0.2.5, is used to calculate the 
transient thermal and hydraulic response of the primary and secondary systems in 
accordance with the NRC approved methodology described in Reference 1.  The 
computer code simulates the necessary components and contains the features required 
to model this event.  The minimum DNBR is evaluated for this event using the 
methodology in the ACH-2 CHF Correlation for the U.S. EPRAREVA Topical Report 
ANP-10269P-A (Reference 3).

The following are assumed for analysis:

� Two CVCS charging pumps actuate and letdown is isolated.

� LOOP is assumed to occur with RT because without LOOP, RCPs remain in 
operation, which avoids the heatup and expansion of the RCS associated with 
establishing natural circulation.

� The single failure is the closure of one MSRCV when the MSRIV opens; 
equipment maintenance does not make the event more severe.  

� The operation of non-safety-related equipment is assumed when it results in a 
more limiting transient.  In this case, PZR heaters and sprays are assumed to 
operate as designed.  

� No operator actions are credited to mitigate this event.  However, it is assumed 
that the operator restarts one CVCS charging pump following LOOP because this 
action makes the event more severe.
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The analysis is initiated from full power normal operating conditions at the nominal 
primary coolant average temperature.  Table 15.5-4 presents the initial conditions and 
key inputs.  Table 15.5-5 presents the status of mitigating equipment and components.  
The PS initiates RT on either high PZR level or pressure.  

To determine the limiting event for each acceptance criteria for the CVCS malfunction 
event, a spectrum of scenarios are analyzed.  The spectrum examines the range of 
initial conditions specified in Table 15.0-5—Plant Parameters Used in Accident 
Analyses, including time in cycle, with or without LOOP, with or without pressure 
control, zero percent or five percent tube plugging,  MRC or ACT control, nominal or 
low initial RCS pressure, nominal, high, or low initial PZR levels, and high or low 
PSRV opening and closing tolerances.  

The event is terminated by a high PZR level or pressure.  The charging flow, if 
operational, is automatically isolated on RT with LOOP or at high PZR level for RT 
with no LOOP.  SI and EFW are not actuated for this event.  After RT, the MSRTs 
open to relieve SG pressure and this enhances primary-to-secondary heat transfer.  
Failure of one MSRT and closure of one MSRCV when the MSRIV opens, is the most 
limiting single failure because the reduced heat transfer from the primary system to 
the secondary system increases the heatup of the RCS.

The criterion pertaining to the DNBR is not challenged because the RCS pressure is 
increasing or constant and the power is constant during the event.  RCS 
overpressurization is the primary concern and the RCS pressure is maintained within 
acceptance limits by the PSRVs.  The secondary system pressure is maintained within 
acceptance limits by the MSRTs.  The PZR does not overfill during the event, 
therefore the event does not lead to a more serious plant condition.

Various parameters are selected to maximize the RCS pressurization and overfill.  The 
event analysis considers hot full power and low RCS loop flow rate.  Nominal initial 
values are used for some parameters such as Tavg, PZR pressure or liquid level, and SG 
level, since either the effect of these parameters are not significant or sensitivity 
studies show that these values are appropriate to use.  Sensitivity studies also showed 
that the effect of ACT control is insignificant and that the BOC reactivity parameters 
are limiting.

A lower setpoint for the PSRVs opens the valves sooner and thereby increases the in-
surge into the PZR and maximizes the final PZR level.  The MSRTs are biased high to 
delay the opening and the secondary pressure relief, which maximizes the primary 
system expansion.  The PZR high level and pressure trips are biased high to delay the 
RT.  The charging isolation setpoint is biased high to maximize the inventory addition.  
The limiting case conditions are: HFP, BOC, MRC, pressure control, LOOP, five 
percent SG tube plugging, nominal PZR pressure and level, and PSRVs biased low.  
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The limiting case and initial conditions for these cases are summarized in Tables 15.0-
62 and 15.0-63, respectively.  The results for the limiting case are presented below.

15.5.2.3 Results 

Table 15.5-6 presents the sequence of events for this scenario.  Figure 15.5-10 through 
Figure 15.5-14 present, transient reactor power, core average heat flux, core inlet mass 
flux, RCS temperature, and PZR pressure.  

The primary system temperature decreases slightly before RT (Figure 15.5-13) because 
of the low temperature of the charging fluid.  PZR sprays maintain pressure relatively 
constant until RT at 783 seconds, when the sprays are lost on coastdown of the RCPs 
following LOOP (Figure 15.5-14).  The operator is assumed to restart one CVCS 
charging pump powered by the EDG.  Subsequent pressure increase is a result of the 
continued increase in PZR level.  The increase in pressure is terminated when PSRVs 
open to release steam.  The PSRVs continue to cycle to control pressure 
(Figure 15.5-16).  Figure 15.5-17 presents the secondary pressure response.

CVCS charging is terminated automatically when the PZR level reaches the PS high 
PZR CVCS isolation setpoint.  Figure 15.5-18 shows the charging flow rates used in 
the analysis.  The PZR level continues to increase as the RCS heats up to establish 
natural circulation, but peaks before the PZR completely fills (see Figure 15.5-15).  

Minimum DNBR is not challenged during the transient since pressure is increasing or 
constant.

15.5.2.4 Radiological Consequences 

No radiological consequences are associated with this event because no fuel or 
cladding failures occur, and no radiological releases to the environment occur.  The 
discharge of primary fluid into containment due to PSRV opening is bounded by other 
events.  Radiological evaluations are described in Section 15.0.3.

15.5.2.5 Conclusions  

The following acceptance criteria derived from GDC 10, 13, 15, and 26 (Section 3.0), as 
described in Section 15.0.0.2, are met for this event:

� Pressure in the reactor coolant and main steam systems are maintained below 110 
percent of the design value.

� Fuel-cladding integrity is maintained by keeping the minimum DNBR above the 
95/95 DNBR limit.

� An AOO does not generate a more serious plant condition without other faults 
occurring independently.  
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� An AOO should not develop into a more serious plant condition without other 
faults occurring independently.

The focus for this event is meeting the specified acceptable fuel design limits (SAFDL).

15.6.1.2 Method of Analysis and Assumptions

The methodology used for this event analysis is described in the Codes and Methods 
Applicability Report for the U.S. EPR (Reference 1).  It uses the S-RELAP5 computer 
code (described in Section 15.0.2) to calculate the transient thermal and hydraulic 
response of the primary and secondary systems.  The code simulates the necessary 
components and has the properties necessary to model an IOPSRV event.  The 
calculated transient boundary conditions for the reactor core from the S-RELAP5 
analysis are used as input to the thermal margin calculations.  The low DNB channel 
algorithm and the high LPD channel alogorithm are is simulated to predict RT and the 
adequacy of the dynamic compensation of the algorithm consistent with the Incore 
Trip Setpoint and Transient Methodology for U.S. EPR (Reference 2).

The primary criterion for the IOPSRV event is to maintain the fuel-cladding integrity 
by satisfying the SAFDL.  Overpressurization is not an issue for this transient as this is 
a loss-of-coolant event.  

The IOPSRV event analysis considers several cases examining the range of conditions 
specified in Table 15.0-5 to identify the limiting case.  The range of conditions 
important for the IOPSRV event include time in life (beginning-of-cycle (BOC) versus 
end-of-cycle (EOC) fuel conditions), LOOP assumption, rod control configuration 
(manual or automatic), and SG tube plugging level (0 versus 5 percent).  Additionally, 
uncertainties in the pressurizer safety relief valve (PSRV) flow rate and decay heat are 
considered in the analysis of the IOPSRV event.   

The limiting event and initial conditions for the IOPSRV cases are summarized in 
Tables 15.0-62 and 15.0-63, respectively.  The limiting event is identified by 
performing a spectrum of calculations that consider various operating parameters and 
applying single failure and preventive maintenance assumptions that would make the 
transient worse.  

In identifying the limiting scenario, the loss of primary mass through the PSRV is 
maximized by considering the following conditions:

� The assumption of LOOP on RT causes the RCPs to coastdown.  The subsequent 
degradation of primary-to-secondary heat transfer results in a PZR insurge, which 
contributes to the mass expelled out the PSRV.

� The single failure requirement for this analysis is satisfied by assuming the failure 
of one emergency diesel generator, which conservatively removes one train of 
pumped SIS (including one EFW pump).
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� The preventive maintenance assumption removes another train of pumped SIS 
(including another EFW pump).

� The assumed BOC fuel conditions for the limiting case provides the most positive 
reactivity feedback during the initial stage of the transient, thus challenging the 
DNB aspect of the event.

There is no single failure or preventive maintenance assumption other than the above 
described loss of diesel generator that would have a worse impact on the IOPSRV 
event.

The limiting case is identified from a set of calculations that include BOC and EOC fuel 
conditions (with and without automatic rod control) and the availability of the CVCS.  
Sensitivity calculations are performed to bound the uncertainties in the PSRV flow 
rate and decay heat.

Description and results of the limiting case are presented in Section 15.6.1.3. 

Table 15.6-1—IOPSRV Event - Key Input Parameters presents the initial conditions 
for the limiting case.  Table 15.6-2—IOPSRV Event - Key Equipment Status presents 
the status of mitigating equipment and components.  The analysis begins at full power, 
under normal operating conditions.  To minimize the heat removal by the secondary 
system, the maximum number of plugged SG tubes (five percent) is assumed.

The most reactive control rod is assumed not to insert at RT.  LOOP is assumed to 
occur with RT.  Subsequent to an RT, the limiting single failure is taken as the failure 
of one emergency diesel generator (EDG), resulting in the unavailability of one train of 
pumped SIS (MHSI, LHSI, and EFWS).  A second EDG is assumed to be under 
maintenance and therefore unavailable, causing a second train of pumped SIS to be 
unavailable.

Degraded conditions are assumed for the MHSI pump startup and flow rates to 
produce the most conservative emergency core cooling system (ECCS) response.  
Degraded containment conditions are also assumed so that the actuation setpoints of 
mitigating systems use the largest instrument uncertainties.

Operator actions are credited at 30 minutes into the event to align EFWS flow from 
the two operational trains of EFWS to the four SGs.  Later, operator actions are 
necessary to transition the plant from a controlled state to a safe shutdown condition.

The limiting case uses beginning-of-cycle (BOC) fuel conditions and assumes the rod 
position controller is in manual mode.  At the BOC, the boron concentration is at its 
highest.  A decrease in density following the IOPSRV results in a decrease in boron 
concentration.  The resulting positive reactivity feedback causes a power increase in 
the early phase of the event.
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� Close the CVCS isolation valves to isolate the charging and letdown lines.

� Start the MHSI pumps.

These actions effectively isolate the affected SG, terminating any radiological release.  
As the RCS pressure continues to decrease, the loss of coolant is terminated as the 
pressure difference across the ruptured SG tube decreases to zero.  MHSI flow starts 
when the RCS pressure falls below the pump shutoff head restoring RCS inventory.  
This condition leads to a controlled state.

Regardless of initiating scenario, continued mitigation of this event is accomplished by 
managing the pressure difference across the ruptured SG tube, so that radiological 
releases are maintained below acceptable limits, and the affected SG does not overfill.  
EBS is initiated to provide adequate boration to prevent recriticality.  The cooldown 
and depressurization of the RCS leads to the entry conditions for the residual heat 
removal (RHR) system to be put into operation.  RHR operation takes the plant to 
shutdown conditions.

15.6.3.2 Method of Analysis and Assumptions

The methodology used to analyze this event is described in Codes and Methods 
Topical Report (Reference 1), and uses the S-RELAP5 computer code (described in 
Section 15.0.2.5) to calculate the transient thermal and hydraulic response of the 
primary and secondary systems.  The S-RELAP5 system model includes the necessary 
components and contains the features necessary to simulate this event.

The primary concern for the steam generator tube rupture (SGTR) event is to maintain 
the radiological releases below the acceptable limits.  The secondary criterion of 
avoiding overfill of the affected SG secondary (i.e., to prevent water from entering the 
steam lines) is also evaluated. 

The SGTR analysis presented considers several cases examining the range of conditions 
specified in Table 15.0-5 to identify the limiting event scenario.  The range of 
conditions important for the SGTR event include time in life (BOC versus EOC fuel 
conditions), LOOP assumption, SG tube plugging level (0 versus 5 percent), 
availability of the CVCS system (charging pumps), and the assumed initial coolant 
temperature (the nominal 594�F versus 584�F corresponding to coastdown at EOC 
conditions).  Operator intervention is a key factor in mitigating the SGTR event.  Thus, 
various combinations of timings and sequence of operator actions are considered in the 
analysis of the event. 

The limiting event and initial conditions for these cases are summarized in Tables 
15.0-62 and 15.0-63, respectively.  The limiting radiological and overfill cases are 
identified by performing a spectrum of calculations that consider the biasing of various 
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operating parameters and applying single failure and preventive maintenance 
assumptions that would make the transient worse.  

The radiological consequences of the event are maximized by imposing the following 
conditions for the limiting dose case:

� The assumption of LOOP, coincident with turbine trip, renders the turbine bypass 
system unavailable; thus, forcing the activity in the affected SG to be released to 
the atmosphere through the MSRT.

� Single failure of the affected SG main steam relief control valve (MSRCV) to stick 
fully open maximizes the dose consequence of the event (the main steam relief 
isolation valve (MSRIV) closes automatically on low SG pressure).

� The assumption of affected SG EFW pump to be in preventive maintenance 
maximizes flashing of the break flow which contributes to the severity of the 
released dose to the atmosphere.

� The lower initial SG secondary pressure associated with the use of the lowest 
allowed primary coolant average temperature at full power (584�F) results in 
slightly higher integrated flashed mass.  

The limiting case for the SG overfill scenario is characterized by the following initial 
condition biasing and plant configuration assumptions:

� The assumption of LOOP in combination with the SIS signal automatically starts 
the EFW pumps.  The case with LOOP is determined to be most limiting as this 
scenario results in the most integrated break flow, maximizing the ruptured SG 
inventory.

� Single failure assumption of the affected SG EFW control valve failing in the open 
position and the SG level increasing past the EFW shutoff setpoint maximizes the 
overfilling of the ruptured SG.

� The EFW pump feeding one of the intact SGs is assumed to be in preventive 
maintenance, which minimizes heat transfer to the secondary system and serves to 
maximize primary pressure, subsequently contributing to higher break flow.

� As with the radiological case, the lower initial SG secondary pressure associated 
with the use of the lowest allowed primary coolant average temperature at full 
power (584�F) results in slightly higher integrated flashed mass, making the SG 
overfill transient worse.  

A combination of various other single failure and preventive maintenance assumptions 
are analyzed for this event for the radiological consequences and the SG overfill 
scenarios.  These include unavailability of the feedwater condensate system, failure of 
one extra borating system (EBS) pump, failure of one EFWS train and another in 
preventive maintenance, failure of MSRCV in an intact SG in closed position, and 
failure of the affected SG MSIV to close with affected SG EFWS in preventive 
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maintenance.  Additionally, a hot zero power (HZP) case is considered and the overfill 
rate is determined to be less penalizing compared to the hot full power (HFP) case.

A break on the SG hot-side is found to be most limiting based on a sensitivity 
calculation that considers a break on the cold-side of the SG.   

In general, initial plant conditions and setpoints are biased such that the primary-to-
secondary break flow is maximized.  The upper bound of the PZR pressure (2300 psi) is 
used along with the high span of the PZR liquid level (59.3 percent).

Nominal blowdown flow is included for the radiological cases, whereas no SG 
blowdown flow is assumed for the SG overfill cases.  Parameters such as EFW startup 
delay, EFW flowrates and temperatures, and EFW low-low SG water level signal are 
biased differently for the radiological analysis than the SG overfill scenarios to 
maximize the severity of the event.

Description and results of the limiting radiological case are presented in Section 
15.6.3.3.

For the thermal-hydraulic analysis, the break is postulated to occur near the tube sheet 
to maximize the break flow (lowest hydraulic resistance).  It is modeled on the hot-leg 
side of the SG to maximize the flashing fraction for determining the radiological 
release.  Additionally, for the radiological release, the break is assumed to be at the 
apex of the tubes to minimize iodine scrubbing.  

BOC initial conditions are assumed for the fuel and coolant.  The automatic rod 
position controller is assumed to be in manual mode and does not respond to a change 
in reactor power.  This assumption maximizes the reactivity feedback effects in the 
early period due to the combination of the moderator temperature coefficient (MTC) 
and the decrease in boron concentration associated with the initial decrease in RCS 
pressure (decrease in fluid density).  The most reactive control rod is assumed not to 
insert at RT.

The availability of offsite power has a significant impact on the progress of this event.  
LOOP is more limiting because the turbine bypass system is available otherwise and 
limit radiological releases.  LOOP is assumed with RT.

Because the availability of equipment affects the course of the event, the analysis 
considers the single failure and maintenance of safety-related equipment as well as the 
operation of non-safety-related equipment that makes the outcome worse.  This 
equipment includes the CVCS charging pumps, the EBS, MHSI pumps, MFW and 
EFWS, MSIVs, turbine bypass system, and the MSRT.  The MSRT includes the main 
steam relief control valve (MSRCV) and the main steam relief isolation valve (MSRIV).  
Different single failures are limiting depending on whether the analysis seeks to 
maximize radiological release or the potential for SG overfill.

15-1, 15-2,
15-4, 15-5
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Plant initial conditions that affect the results include the initial coolant temperature 
and level of SG tube plugging.  The initial conditions are biased to either maximize the 
radiological release or potential for overfill of the affected SG.  Hot full power (HFP) 
initial conditions are limiting for radiological release.  Both HFP and hot zero power 
(HZP) initial conditions are analyzed for overfill of the affected SG.  Similarly, 
uncertainties in PS setpoints are biased depending on the objectives of the analysis.  
Operator actions are required to mitigate this event.  No operator actions are credited 
in this analysis prior to 30 minutes.

15.6.3.3 Results

The analysis shows that the limiting case for radiological release is one in which the 
charging pumps are operating, LOOP occurs at RT, and a single failure occurs in the 
MSRT of the affected SG.  The MSRCV is postulated to stick fully open.  This action 
releases steam to the environment until the MSRIV closes automatically on low SG 
pressure.  In addition, it is assumed that one emergency feedwater (EFW) pump is in 
maintenance.  This case is described below.

The SGTR SG overfill analysis is based on plant characteristics and initial conditions 
that are selected to maximize the potential for overfill of the affected SG.  The assumed 
single failure for this case is that the affected SG (SG-4) EFW control valve (CV) fails in 
the open position.  The EFW pump feeding the intact SG-1 is assumed to be in 
preventive maintenance, which minimizes heat transfer to the secondary system and 
serves to maximize primary system pressure.  The EFW pump feeding the affected SG 
continues to inject, and the EFW flow characteristics to the affected SG are biased to 
maximize the EFW flow into the affected SG.  Because the EFW CV on the affected SG 
fails in the open position, the EFW flow to the affected SG continues even if the level 
in the SG exceeds the EFW shutoff value.  The EFW flow to the affected SG is 
terminated by the operator closing the EFW isolation valve.  These assumptions 
maximize the potential for overfill of the affected SG. 

15.6.3.3.1 Analysis Initial Conditions

Table 15.6-4—SGTR Event - Key Input Parameters presents the initial conditions for 
the analysis.  The break is assumed to occur near the tube sheet because it maximizes 
the break flow (lower hydraulic resistance), and on the hot side of the tube because it 
maximizes the fraction of the break flow that flashes.  The analysis is initiated from 
full power conditions.  The analysis assumes the maximum number of plugged SG 
tubes, five percent, to minimize heat removal.  This assumption leads to a lower initial 
SG pressure, which increases break flow and flashing fraction.

The analysis assumes primary coolant average temperature is at the lowest allowed 
temperature at full power (584°F, corresponding to coastdown at EOC conditions) 

15-1
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because it leads to a lower initial secondary pressure and slightly higher integrated 
flashed mass.

15.6.3.3.2 Equipment Status

Table 15.6-5—SGTR Event - Key Equipment Status lists the assumed status of 
mitigating equipment and components.  Although a non-safety-related system, the 
PZR heaters are simulated because they have the penalizing effect of delaying 
depressurization.  The charging system, another non-safety-related system, is modeled 
because it is similarly penalizing by its response to a decrease in PZR level.  The 
analysis conservatively does not model the letdown system.  

The standby charging pump is activated when the PZR level drops to its low-level 
setpoint.  The analysis assumes that both charging pumps start injecting at this time.  
The CVCS charging system functions as designed until RT, which is assumed to cause 
LOOP.  When LOOP occurs, the charging pumps are de-energized.  The occurrence of 
LOOP also de-energizes the RCPs, which coast down and stop the main sprays.  The 
power supplies of the CVCS charging pumps and the auxiliary spray control valve are 
automatically switched to the EDGs, but they are not actuated.  The operator does not 
start the charging pump.  Thus, auxiliary sprays are also unavailable after RT.  

The turbine bypass system, a non-safety system, is assumed unavailable because it has 
a beneficial effect.  Hence, secondary steam relief is always assumed to be via the 
MSRTs.

15.6.3.3.3 Transient Calculation

Table 15.6-6—SGTR EventRadiological Case - Sequence of Events presents the 
sequence of events for the limiting radiological release scenario.  The postulated tube 
rupture is assumed to occur with the plant operating at HFP with both CVCS pumps 
operating and the letdown isolated.  PZR level and pressure do not decrease 
sufficiently to cause a RT.  The operator detects the event through high activity alarms 
in the affected SG steam line and blowdown line.  The operator begins to take action at 
30 minutes and completes the initial SGTR mitigation steps within an additional 10 
minutes.

Figure 15.6-11—SGTR EventRadiological Case - Reactor Power shows reactor power.  
Power decreases initially because of reactivity feedback due to RCS depressurization.  
The operator trips the reactor at 1800 seconds, which is assumed to cause LOOP with 
subsequent de-energizing of the RCPs, CVCS, and MFW pumps.  Figure 15.6-12—
SGTR Radiological Case Pressurizer and Affected SG Dome Pressure shows pressures 
in the primary system and the affected SG.  Primary pressure starts to decrease 
initially, and then increases because of the injection of two CVCS pumps.  It decreases 
rapidly after RT.
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Because LOOP is assumed concurrent with RT, SG pressure increases (Figure 15.6-12).  
The operator is assumed to complete SGTR mitigation actions at 2400 seconds.  These 
actions include closing the MSIV in the affected SG, resetting its MSRT setpoint high, 
isolating its EFWS and blowdown lines, starting the EFW pumps, and initiating partial 
cooldown of the unaffected SGs using their MSRTs.  Pressure in the affected SG 
reaches the MSRT setpoint at 2450 seconds.  When the MSRCV opens, it is assumed to 
fail fully open and cause a rapid decrease in the affected SG pressure.  MSRT relief is 
terminated in the affected SG when the MSRIV closes automatically at the low SG 
pressure setpoint of 570 psia, at 2570 seconds.  Subsequently, the affected SG pressure 
equalizes with the primary pressure at about 1250 psia, and then begins to decrease 
slowly as the unaffected SGs remove heat from the RCS.

Figure 15.6-13 —SGTR Radiological Case - SG Blowdown Flow Rates shows flow rate 
in the affected SG blowdown line, indicating isolation at 2400 seconds.  At the same 
time, EFWS flow begins in the unaffected SGs (Figure 15.6-14—SGTR 
EventRadiological Case - EFW Flow Rates) in conjunction with the operator-initiated 
partial cooldown.  Since the EFWS line to the affected SG is isolated by the operator at 
2400 seconds, there is no injection into the affected SG.  

The MHSI flow begins when the RCS pressure falls below the MHSI shutoff head 
(Figure 15.6-15—SGTR EventRadiological Case - Total MHSI Flow Rate).  Partial 
cooldown is complete in the unaffected SGs at 3600 seconds as the pressure in the SGs 
falls to 870 psia.  At this time, the operator continues the cooldown at 90°F/hour and 
starts the EBS to provide sufficient boration (Figure 15.6-16—SGTR EventRadiological 
Case - EBS Flow Rate).  EBS flow continues until the EBS tanks empty at 
approximately 14000 seconds.  MHSI is terminated by the operator when the core exit 
subcooling exceeds 50°F, at 5412 seconds (Figure 15.6-19—SGTR EventRadiological 
Case - Core Exit Subcooling).  The primary system is refilled at this time, as shown by 
the PZR level (Figure 15.6-20—SGTR EventRadiological Case - Pressurizer Level).  

Primary pressure continues to decrease slowly beyond this time due to the heat 
removal from the unaffected SGs.  During this time, the operator opens the PSRVs 
occasionally to accelerate the decrease in primary pressure (Figure 15.6-17).  This 
equalizes primary and secondary pressure in the affected SG (Figure 15.6-12), thereby 
minimizing break flow (Figure 15.6-18).

Inventory in the affected SG stabilizes before reaching an overfilled condition as 
shown by the SG wide range (WR) level (Figure 15.6-21—SGTR EventRadiological 
Case - SG Wide Range Levels) and liquid volume (Figure 15.6-22—SGTR Event 
Radiological Case- Affected SG Liquid Volume).  This stabilization achieves a 
controlled state.  The analysis is stopped at 10,000 seconds.  The operator continues 
with the cooldown and depressurization process to reach the RHR entry conditions, 
which takes the plant to cold shutdown.

15.06.03-3



U.S. EPR FINAL SAFETY ANALYSIS REPORT

Tier 2  Revision  1—Interim  Page 15.6-16

The radiological analysis is conducted using the results of the thermal-hydraulic 
analysis.  These include the integrated mass of break flow (Figure 15.6-23—SGTR 
EventRadiological Case - Integrated Break Mass Flow), the integrated mass of steam 
release to the environment (Figure 15.6-24—SGTR EventRadiological Case - 
Integrated Steam Mass Release), the integrated mass flashed (Figure 15.6-25—SGTR 
EventRadiological Case - Integrated Mass Flashed), and the liquid volume fraction in 
the region around the apex of the tubes in the affected SG (Figure 15.6-26—SGTR 
EventRadiological Case - Affected SG Apex VoidLiquid Fractions).  The radiological 
analysis is presented in Section 15.0.3.  This is the limiting SGTR radiological release 
scenario.  

The sequence of events for the SG overfill case is shown in Table 15.6-24—SGTR 
Overfill Case – Sequence of Events. The early part of the transient is similar to the 
radiological case. The postulated tube rupture is assumed to occur with the plant 
operating at HFP with both CVCS pumps operating and the letdown isolated.  

The reactor is manually tripped by the operator at 1800 seconds (30 minutes) and 
LOOP is assumed coincident with RT - causing the charging pumps to shut off and the 
RCPs to trip. On the secondary side, the MFW pumps trip. Figure 15.6-94 – SGTR 
Overfill Case – Reactor Power depicts the initial decrease in reactor power due to 
reactivity feedback associated with RCS depressurization and the sudden drop in 
power at 1800 seconds as a result of manual RT. 

The ruptured SG is isolated within 10 minutes of the RT (i.e. the MSIV is closed and 
the MSRT setpoint is raised to 1405.5 psia) prior to the manual initiation of SI and start 
of the partial cooldown at 2400 seconds (40 minutes). The pressure response of the 
RCS and the affected SG, illustrated in Figure 15.6-95 – SGTR Overfill Case – 
Pressurizer and Affected SG Dome Pressure, shows that following RT the primary 
system pressure initially increases (as a result of turbine trip) and then drops rapidly; 
and the SG dome pressure increases in response to turbine trip as the turbine bypass 
system becomes unavailable on LOOP. The SG blowdown would isolate on an SI signal 
but the blowdown flow is conservatively assumed to terminate earlier at the time of 
LOOP (Figure 15.6-96 – SGTR Overfill Case – SG Blowdown Flow Rates).

It is assumed that the operator identifies the EFW CV failure once SG-4 level exceeds 
the 82% wide range SG level setpoint (approximately 10 minutes after the failure) and 
closes the EFW isolation valves to SG-4 (Figure 15.6-97 – SGTR Overfill Case – EFW 
Flow Rates and Figure 15.6-104 – SGTR Overfill Case – SG Wide Range Level). 

MHSI flow starts at about 3500 seconds when the primary system pressure drops 
below the MHSI pump shutoff head (Figure 15.6-98 – SGTR Overfill Case – Total 
MHSI Flow Rate). Partial cooldown is complete at 3600 seconds when the secondary 
system pressure drops to 870 psia. At this time a 90�F/hr cooldown is initiated in the 
three intact loop SGs using the MSRT. 
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At about 3660 seconds, the operator manually initiates the EBS pumps to add 
concentrated boron to the primary system and provide RCS makeup (Figure 15.6-99 – 
SGTR Overfill Case – EBS Flow Rate). 

The operator realigns the EFW flow in SG-2 at approximately 4260 seconds to feed 
both SG-2 and SG-1 (SG-1 did not have EFW flow because of preventive maintenance 
(Figure 15.6-97)).

The operator terminates MHSI at 5306 seconds when the core exit subcooling exceeds 
50�F (Figure 15.6-102 – SGTR Overfill Case – Core Exit Subcooling). The pressurizer is 
refilled at this time (Figure 15.6-103 – SGTR Overfill Case – Pressurizer Level).

Subsequent to the end of partial cooldown (3600 seconds), the operator opens the 
PSRVs several times (Figure 15.6-100 – SGTR Overfill Case – PSRV Flow Rate) to help 
decrease the primary system pressure. The primary and secondary system pressures 
equalize at about 6000 seconds (Figure 15.6-95), canceling the break flow (Figure 15.6-
101 – SGTR Overfill Case – Break Flow Rate).

Because of the delayed isolation of the EFW flow in the affected SG, the level in the SG 
approaches 90 percent WR (Figure 15.6-104 – SGTR Overfill Case – SG Wide Range 
Level) at about 14,000 seconds. This results in a continued increase of liquid volume in 
the affected SG; however, the SG does not overfill, as illustrated in Figure 15.6-105 – 
SGTR Overfill Case –Affected SG Liquid Volume.

Integrated break mass flow, steam mass release, and mass flashed are presented in 
Figures 15.6-106 – SGTR Overfill Case – Integrated Break Mass Flow, 15.6-107 – SGTR 
Overfill Case – Integrated Steam Mass Release and 15.6-108 – SGTR Overfill Case – 
Integrated Mass Flashed, respectively. These parameters show that the liquid 
inventory in the affected SG stabilizes.

Thus, a controlled state is achieved. The analysis is terminated at 28,800 seconds (8 
hours). The operator would then continue with the cooldown and depressurization 
process to reach the RHR entry conditions, which would take the plant to cold 
shutdown.

SG overfill was evaluated by conservatively biasing input parameters and analysis 
assumptions to maximize liquid overfill of the affected SG.  In the cases analyzed, the 
affected SG did not overfill.

15.6.3.4 Radiological Consequences

The results of the radiological analysis are presented in Section 15.0.3.
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The RLBLOCA methodology consists of the following computer codes:

� RODEX3A for computation of the initial fuel stored energy, fission gas release, and 
fuel-cladding gap conductance.

� S-RELAP5 for system thermal-hydraulic calculations.  Containment backpressure 
calculations are performed by an ICECON module within S-RELAP5.

The RLBLOCA methodology uses a nonparametric statistical approach to calculate the 
peak cladding temperature (PCT), peak local oxidation, and total oxidation values.  
The peak local oxidation and total oxidation are reported for the limiting PCT case.  
The fraction of total hydrogen generated is not calculated; however, it is 
conservatively bounded by the calculated total percent oxidation, which is below the 
one percent limit.

The nonparametric statistical approach requires that multiple sampled cases are 
created and processed.  For each case, key LOCA parameters are randomly sampled 
over a range established through code uncertainty assessment or expected operating 
limits.  The key parameters related to phenomena are presented in Table 15.6-7—
RLBLOCA - Sampled Parameters (Phenomenological).  Those related to plant 
operation are shown with their sampling ranges in Table 15.6-8—RLBLOCA - 
Sampled Parameters (Plant).  The calculation of each sampled case begins with an 
established steady-state initial condition for the S-RELAP5 model.  Equipment status is 
presented in Table 15.6-9—RLBLOCA - Key Equipment Status.

Of the four trains of pumped safety injection, one train is assumed conservatively to be 
unavailable due to maintenance and another train is subject to single failure.  On this 
basis, two of the four trains start and deliver flow.  One of the two trains is assumed 
conservatively to inject into the RCS cold leg with the break.  Because the ECCS 
connection is near the break, all of the ECCS flow delivered to the broken RCS cold leg 
spills into the containment

Axial power profiles sampled from the power history data are used in each case for the 
RLBLOCA uncertainty analyses.  Therefore, the axial shapes used in the RLBLOCA 
analyses are assumed to represent a wide range of conditions, which bound or 
envelope the plant operating range.

PCT is predicted at the 95 percent probability level with 95 percent confidence.  The 
EM in Large Break LOCA Topical Report (Reference 5) complies with the 
requirements of 10 CFR 50.46.  

Following the establishment of an acceptable steady-state condition, the transient 
calculation is initiated by introducing a break in the cold leg of the loop containing the 
PZR.  As part of an EM requirement for containment modeling, the 1.7 Uchida heat 
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The appropriate conservatisms, prescribed by Appendix K of 10 CFR Part 50, are 
incorporated in these analyses.

The computer codes used in this analysis are as follows:

� The RODEX2-2A computer code is used to calculate the burnup dependent initial 
fuel conditions for each active core region in S-RELAP5.  

� The S-RELAP5 computer code (described in Section 15.0.2.4) is used to model the 
primary system (including the hot rod) and the secondary side of the SGs.  The 
governing conservation equations for mass, energy, and momentum transfer are 
used along with appropriate correlations consistent with 10 CFR 50.46 and 10 CFR 
Part 50, Appendix K.

The RCS is modeled in S-RELAP5 as a network of control volumes interconnected by 
flow paths.  The model includes four accumulators, a PZR, and four SGs in which both 
the primary and secondary sides are modeled.  The four loops are modeled explicitly to 
provide an accurate representation of the plant.  The LHSI are cross connected in pairs, 
which is modeled explicitly in the calculation.  The MHSI injects in the accumulator 
piping, which also is modeled explicitly.  

Decay heat is determined from reactor kinetics equations with actinide and decay 
heating as prescribed by Appendix K to 10 CFR Part 50.  

Two break spectrums are analyzed: one assumes a loss of off-site power concurrent 
with reactor scram, the other assumes outside power available with delayed RCP 
tripTo determine the limiting SBLOCA case with respect to the acceptance criteria in 
10 CFR 50.46, break spectrum calculations were performed for breaks ranging from 0.4 
percent to 10 percent of cold leg area.  Two break spectrum calculations were 
performed, one with the assumption that the LOOP occurs concurrent with reactor 
scram and the other with the assumption that offsite power is available.  The offsite 
power availability results in changes in equipment availability and actuation times as 
well as differences in RCPs availability.

The single failure criterion required by Appendix K is satisfied by assuming the failure 
of one train of pumped SI and EFW.  In addition, one train of pumped SI and EFW is 
assumed unavailable because of maintenance, leaving active only two MHSI pumps, 
two LHSI pumps and two emergency feedwater pumps.  All four accumulators are 
assumed to inject.  This is the most detrimental single failure for an SBLOCA event 
with respect to the 10 CFR 50.46 criteria since it results in the worst degradation of 
heat removal capacity by reducing the available SI flow and the EFW flow.  A single 
failure analysis demonstrated that the failure of one MSRT train (with one EDG in 
preventive maintenance) and the failure of one accumulator (with one EDG in 
preventive maintenance) are both bounded by the failure of one EDG, with a second 
EDG in preventive maintenance.  Other potential single failures have been evaluated 
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and determined to be less limiting than the loss of one EDG.  For example, the failure 
of one MHSI pump would be less limiting than the loss of a diesel generator since it has 
no effect on the LHSI flow or the EFW flow.

The EFWS is actuated on the combination of LOOP and SI signal or on SG low wide-
range level.  The two active trains of MHSI are assumed to inject respectively into 
Loop 4, the broken loop, and into Loop 1, the intact loop adjacent to the broken loop.  
The adjacent loop is chosen because it provides the greatest opportunity for injected 
ECCS to flow directly to the break and bypass the core.

For the scenarios that assume LOOP occurs coincident with RT, LOOP de-energizes 
the MFW system and RCPs.  For the break scenarios without LOOP, the RT signal 
automatically trips the turbine and closes the MFW high-load lines.  The addition of 
MFW through the LL is conservatively neglected.  For the non-LOOP break spectrum, 
the EFWS is actuated on a low-low SG level signal.

The axial power shape used is a conservatively top-skewed, EOC shape.  The power 
peak occurs at a normalized distance of 0.8542.  The power in the hot rod is assumed at 
the design peaking limit for the U.S. EPR.  

The loop seal elevations on the broken loop (Loop 4) and the adjacent intact loop 
(Loop 1) are biased so that they are 1.0 foot lower than the loop seals in the other two 
loops.  This bias makes the seal in the broken loop less likely to clear before the ones in 
the intact loops.  Sensitivity analyses show that for SBLOCA, higher PCTs result when 
the loop seal in the broken loop remains plugged longer than in the intact loops.  SG 
tube plugging is set to five percent symmetrically.  

Following receipt of an SI signal, the SG MSRT system initiates a partial cooldown, 
which is a controlled secondary system depressurization from 1414.7 psia to 900 psia at 
a rate corresponding to 180°F/h.  

The core is modeled with a two-dimensional component having 28 axial nodes and 
three radial nodes.  The Baker-Just metal water reaction correlation is used for all fuel 
rod heat structures.  The rupture model is invoked for the hot rod.

The limiting case is identified via a break spectrum analysis.  

Cases Analyzed

SBLOCA cases are analyzed over a spectrum of break sizes ranging from 2.0 inches to 
8.0 inches in diameter in 0.5-inch increments.  The breaks are located in the RCP 
discharge piping.  The break spectrum cases fall into two categories: (a) with LOOP 
assumed, in which the RCPs trip on RT; and (b) without LOOP, in which the RCPs 
continue to operate after RT and are tripped on low �P across two of the four RCP 
pumps.  Two additional cases are analyzed with LOOP: a guillotine break of an 
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accumulator line and a 9.71-inch diameter break corresponding to ten percent of the 
cold leg cross-sectional area.  The 6.5-inch break with LOOP produces the limiting 
PCT.

For the accumulator line break, in addition to the loss of ECCS trains due to single 
failure and maintenance, one ECCS train (consisting of one MHSI, one LHSI and one 
accumulator) injects into the broken accumulator line, which spills directly into the 
containment.  Because it is assumed that the remaining operational LHSI is cross 
connected to the broken ECCS line, it too is discharged to the containment.  This 
leaves only a single MHSI train that is effective delivering pumped injection to the 
primary system.

Initial Conditions

Table 15.6-14—SBLOCA - U.S. EPR System Analyses Parameters presents the initial 
conditions used in the analysis. Several initial conditions can have a significant impact 
on the SBLOCA results.  These parameters are biased in the analysis in order to pose a 
greater challenge to the acceptance criteria in 10 CFR 50.46.  A description of these 
parameters is provided here:

� Axial Power Shape: an EOC top-skewed power shape is used since the high 
powered zones experience core uncover the longest.

� MHSI/LHSI Fluid Temperature: an upward bias is assumed corresponding to the 
maximum incontainment refueling water storage tank; this reduces the 
condensation of the primary coolant coming in contact with the injected fluid and 
it has an adverse effect on the mixture level rise.

� Accumulator Pressure: the accumulators are activated when the primary system 
depressurizes to the accumulator pressure; a minimum pressure setpoint is used to 
delay the initiation of cool water into the core.

� Core Bypass Flow: a conservatively maximum core bypass is assumed to reduce the 
coolant flow entering the active core region.

� Loop Flow Rate: a bounding low value is assumed to bias low the amount of 
coolant entering the reactor vessel.

� EFW: minimum EFW flow is initiated consistent with the single failure criterion 
which allows two trains of EFW to be available.  The EFW fluid temperature is 
selected to be a bounding high value.  These assumptions degrade the heat sink 
capacity of the steam generators and thus the ability to remove the primary 
energy.

� SG Tube Plugging: a maximum tube plugging is assumed.  This assumption 
degrades the heat transfer from the primary system.
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 Table 15.6-4—SGTR Event - Key Input Parameters
 Sheet 1 of 2

Parameter Analysis Value
Initial reactor power 4612 MW

Initial RCS loop flow rate 119,692 gpm/loop

Initial reactor vessel average 
temperature

584�F

Initial reactor vessel upper head 
temperature

Thot

Initial PZR pressure 2300 psia

Initial PZR liquid level 59.3% of span

Initial main steam pressure 984 psia

Break type/location Double-ended guillotine break in a single U-tube at the 
tubesheet on the  hot side of SG 4

Break choked flow model Moody critical flow

EFW flow rate 400 gpm per SG (radiological) / 490 gpm per SG (SG 
overfill)

EFW temperature 122�F (radiological) / 50�F (SG overfill)

Moderator reactivity feedback (lbm/ft3)
42.270
43.671
44.929

47.55449.765
49.76547.554

($)
0.09
0.06
0.00
-0.22
-0.50

Doppler reactivity feedback (�F)
100.0
200.0
300.0
400.0
600.0
800.0

1000.0
1008.0
1400.0
1600.0
2000.0

($)
1.74
1.52
1.31
1.11
0.73
0.36
0.01
0.00
-0.64

-1.530.95
-0.951.53

Core average U-238 capture-to-fission 
ratio

0.85

Charging flow 176 gpm flow per pump

Charging flow temperature 122�F
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MSRT opening pressure Intact SGs: Initially 1414.7 psia, then reduced at 180�F/hr 
rate to 900 psia to implement a Partial Cooldown

Ruptured SG: Initially 1354.7 psia, then stepped to 1405.5 
psia 

MSRT flow rate Intact SGs: Minimum 790 lbm/sec at 1230 psia when 
MSRCV fully open

Ruptured SG: Maximum 869 lbm/sec at 1230 psia when 
MSRCV fully open

SGTP level 5%

Initial SG level 49% NR

Low SG pressure MSIS setpoint 694.7 psia

Low-low SG water level EFW signal 
setpoint

38% WR (radiological)
42% WR (SG overfill)

MSRCV initial position Fully open

MSRCV stroke time 40 s

Low-low PZR Pressure setpoint 
actuating MHSI and partial 
depressurization of SGs

1692.9 psia

MHSI pump shutoff head 1407 psia

MHSI flow Maximum 1-pump curve for each of 4 credited trains

MHSI temperature 122�F

 Table 15.6-4—SGTR Event - Key Input Parameters
 Sheet 2 of 2

Parameter Analysis Value
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 Table 15.6-6—SGTR EventRadiological Case - Sequence of Events

Event Time (s)
DEG rupture of a single U-tube on the hot side of the 
tubesheet

0

CVCS charging pumps start 204
Manual RT with LOOP
MFW pumps and RCPs lose power 
CVCS charging pumps lose power

1800

Initiate closure of affected SG MSIV
Reset affected SG MSRT setpoint to 1405.5 psia, 
affected MSRT closes
SG blowdown isolates
CVCS isolates
Start of Partial Cooldown in unaffected SGs
Isolation of EFW in affected SG
Start EFW pumps, EFW pump in affected SG 
assumed unavailable (maintenance)
Start MHSI pumps

2400

Affected SG pressure increases to MSRT setpoint, 
MSRCV fails open in fully open position (single 
failure)

2450

Affected SG MSRIV closure initiated on low SG 
pressure 

2570

Partial cooldown ends in unaffected SGs
Initiate 90�F/h cooldown in unaffected SG using 
MSRTs
Manual Initiation of EBS pumps to add concentrated 
boron and provide RCS makeup

3600

Terminate MHSI flow, subcooling > 50oF 5412
Operator cycles PSRV to maintain RCS pressure 
approximately equal to affected SG pressure

> 3600

End of calculation
EBS running, EBS tanks estimated to empty at 14,131 
seconds

10,000

15.06.03-3
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 Table 15.6-24—SGTR Overfill Case – Sequence of Events

Time (seconds) Event
0 DEG rupture of a single U-tube on the hot side of the tubesheet

204 Start 2 CVCS charging pumps
1800 Manual Reactor Trip with LOOP
1801 MFW pumps and RCPs lose power 

CVCS charging pumps lose power
2400 Manual SI start
2400 Start of Partial Cooldown
2401 Initiation of EFW (SI + LOOP),  EFW pump 1 PM

SG blowdown isolates, EFW  4 CV fails fully open
2401 Initiate closure of affected SG MSIV  

Reset affected SG MSRT setpoint to 1405.5 psia, affected MSRT closes
3061 EFW flow to SG 4 isolated
3600 End of Partial Cooldown, 

Initiate 90�F/hr SG cooldown in 3 intact SGs using MSRTs
3660 Manual Initiation of EBS pumps to add concentrated boron and 

provide RCS makeup
4261 EFW 2 re-aligned to feed SG 1 & SG 2
5306 Terminate MHSI flow, subcooling > 50�F

14191 EBS tanks empty, EBS pumps stop
3600 - 28800 Operator cycles PSRV to maintain RCS pressure approximately equal 

to affected SG pressure
28800 End of Analysis

15.06.03-3
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