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Question 19-164 

(Follow-up to Question 19-58)  Clarify how the PRA models cooling of the reactor coolant 
pumps (RCP) by the component cooling water system (CCWS) common headers (CH).  The 
response to Question 19-58 indicates that CH1 cools RCPs 1 and 2, while CH2 cools RCPs 3 
and 4.  However, Section 7.6.1.2.3 states that “[e]ither the Common 1b or 2b headers can 
provide cooling to the RCP thermal barriers.”  How is the crosstie between CH1 and CH2 
controlled?  How many RCPs trip on the loss of a CCWS CH?  How many RCPs must trip to 
cause a reactor trip? 

Response to Question 19-164 

The CCWS is comprised of four trains.  Trains 1 and 2 feed common header 1, and trains 3 and 
4 feed common header 2.  Header 1 is further subdivided into 1a and 1b, while header 2 is 
subdivided into 2a and 2b.  As stated in U.S.EPR FSAR Tier 2, Section 7.6.1.2.3, either the 
Common 1b or 2b headers can provide cooling to the all RCP thermal barriers.  In the PRA 
model it is assumed that common header 1b provides thermal barrier cooling to RCPs 1 and 4, 
and common header 2b provides thermal barrier cooling to RCPs 3 & 4.   

During operation, one of the four CCWS trains is supplying the RCP thermal barriers through 
either the 1b or 2b headers.  When one of the two common headers (1b or 2b) is supplying RCP 
thermal barrier cooling, the RCP thermal barrier cooling supply feed and return from the other 
common header is isolated with containment isolation valves (CIVs) in order to maintain train 
separation.  Interlocks prevent the 1b and 2b headers from being inadvertently connected.  
These interlocks are described in U.S. EPR FSAR Tier 2 Section 7.6.1.2.3. 

Because of the valve interlocks on the cooling supply to these loads, and the short duration that 
cooling flow is isolated, a group command is provided to the CIVs to switch between the 1b or 
2b headers.  The RCP thermal barrier cooling transfer sequence consists of closing the open 
group of CIVs, and upon indication of valve closure, opening the other group of CIVs.  If a CIV 
fails, another transfer is automatically performed to restore the initial configuration.  U.S. EPR 
FSAR Tier 2 Figure 9.2.2 shows the process diagrams for the CCWS. 

RCP seal integrity is maintained as long as the RCP is supplied with seal charging flow from the 
chemical and volume control system (CVCS) or thermal barrier cooling from the CCWS.  If a 
CCWS train or common header fails, there is no automatic RCP trip, so the operator has time to 
restore thermal barrier cooling.  Upon detecting a loss of both seal charging and thermal barrier 
cooling, the RCP will trip and engage the standstill seal.  Low RCP speed on two of four loops 
or low flow on two of four loops will cause a reactor trip.  Information on the reactor trip system 
is provided in U.S. EPR FSAR Tier 2 Section 7.2. 

Based on the above information, the current PRA model is conservative in assuming that a loss 
of one common header would cause a plant trip.  In that event, the plant cooling will be 
degraded and a manual plant shutdown is possible. 

FSAR Impact: 

The U.S. EPR FSAR will not be changed as a result of this question. 
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Question 19-174 

(Follow-up to Question 19-22 and 19-26)  Section 6.7 of NUREG-1449 describes instances in 
which the failure of temporary RCS boundaries (such as freeze seal, which is used to 
temporarily isolate fluid systems, temporary plugs for neutron instrument housing, and nozzle 
dams installed in the hot-leg and cold-leg penetrations to steam generators) can lead to a rapid 
non-isolable loss of reactor coolant.  Therefore, the decision to use these temporary boundaries 
is an important component of the U.S. EPR shutdown risk assessment.  (See section 19.3.3 of 
NUREG-1512, the Final Safety Evaluation Report (FSER) on the AP600 design, for a previous 
discussion of this topic.)  In response to Questions 19-22 and 19-26, AREVA stated that the use 
of nozzle dams and temporary pressure boundaries, respectively, will be decided by the COL 
applicant.  Postponing this decision means that the shutdown risk assessment is not complete 
enough for the staff to develop risk insights.  Provide the following additional information: 

a.  Are nozzle dams used in the U.S. EPR steam generators at shutdown? 

b. At what point during shutdown will the nozzle dams be installed and removed? 

c.  What is the design pressure of these nozzle dams?  Discuss the analysis performed to 
calculate this pressure.  Compare this pressure to the pressure expected following a loss of 
RHR in all POS. 

d.  How are nozzle dams and their impact on steam generator availability modeled in the PRA? 

e.  Are freeze seals used during shutdown?  If so, revise the FSAR to include a COL item for 
applicants to develop plant-specific guidelines that would reduce the potential for loss of 
RCS boundary and inventory when using freeze seals. 

f.  Will any other temporary pressure boundaries, such as plugs in neutron instrument 
housings, be used? 

Response to Question 19-174  

a. Nozzle dams are not expected to be used during a plant outage.  Steam generator (SG) 
maintenance is expected to be performed at the ¾ loop level with no fuel in the reactor 
vessel.  Nozzle dams are expected to be used infrequently during mid-cycle maintenance 
when full core off-load is not desirable (i.e., mid-cycle shutdown for repairs if a SG tube leak 
is leaking excessively).  

b. Nozzles dams are not required during a plant shutdown, but may be used infrequently as 
described in the above response to part a of this question.  Refer to RAI Question 19-175 for 
the specific shutdown sequence. 

c. Steam generator nozzle dams, used in limited application as described in the response to 
Part A of this question, are outside the scope of the standard U.S. EPR design certification.  
Therefore, design parameters for the nozzle dams have not been specified.  Appropriate 
RCS operating conditions will be considered in the specification of nozzle dams to provide 
assurance that nozzle dams will not fail.  Refer to the response to RAI Question 19-175 for 
the RCS state prior to installation of nozzle dams and during mid-cycle SG maintenance. 
 
U.S. EPR design features and plant procedures reduce the likelihood that nozzle dam 
integrity will be challenged.  U.S. EPR FSAR Tier 2, Section 5.4.7.2.1 identifies design 
features for improved safety during shutdown and mid-loop operations, addressing Generic 
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Letter 88-17.  Plant procedures that cover reduced inventory operation will govern the 
installation of nozzle dams and the establishment of adequate venting to prevent 
pressurization of the RPV upper plenum due to a postulated loss of decay heat removal. 

d. The PRA modeled an average yearly shutdown timeline, covering multiple outage types, as 
discussed in the response to NRC RAI 14, Question 19-131.  Therefore, the PRA model has 
included midloop states Dd and Du that would allow for using nozzle dams.  SGs were not 
credited in these plant operating states. 

e. Freeze seals are not expected to be used; they will not be part of the maintenance 
procedures for the U.S. EPR.  

f. The U.S. EPR does not have bottom-mounted in-core instrumentation.  It uses a top 
mounted in-core nuclear instrumentation system installed on the reactor vessel head that is 
disconnected as part of reactor head disassembly.  There are no other temporary reactor 
coolant system pressure boundaries as defined by NUREG-1449 and NUREG-1512.  

FSAR Impact: 

The U.S. EPR FSAR will not be changed as a result of this question. 
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Question 19-178 

TS 3.9.5, on RHR with low water level during MODE 6, requires containment closure within four 
hours whenever no RHR loops are available.  The bases for this TS state that “[t]he Completion 
Time of 4 hours allows fixing of most RHR problems and is reasonable, based on the low 
probability of the coolant boiling in that time.”  Provide descriptions and results of time-to-boil 
calculations from the shutdown PRA that support this statement. 

Response to Question 19-178 

The support for the bases of technical specification (TS) 3.9.5 does not rely upon time-to-boil 
calculations.  The statement that the probability of coolant boiling is low is supported by a 
qualitative assessment of the U.S. EPR’s active design features.  As discussed in FSAR Section 
5.4.7.2.1, the U.S. EPR includes design features that support improved safety during shutdown 
and mid-loop operation.  Of primary relevance for this limiting condition of operation (LCO) is the 
automatic actuation of the four (4) safety-related trains of medium head safety injection (MHSI) 
(with reduced discharge head) on low reactor coolant system (RCS) loop level. 

In addition, four (4) independently powered trains of residual heat removal (RHR) reduce the 
likelihood of having no RHR loops available and entering the LCO.   

The availability of MHSI and other systems important for shutdown risk will be assured in Mode 
6 by administrative controls that meet the guidance of NUMARC 91-06, "Guidelines for Industry 
Actions to Assess Shutdown Management," as described in the response to RAI 19-27.  In 
addition to the requirements established in the TS, the U.S. EPR has adopted NUMARC 91-06 
as an industry initiative to manage shutdown risk. 

The basis for TS 3.9.5 will be revised to reference the U.S. EPR design features that maintain 
RHR operation and RCS level. 

FSAR Impact: 

U.S. EPR FSAR, Tier 2, Technical Specification Basis 3.9.5 will be revised as described in the 
response and indicated on the enclosed markup. 
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Question 19-185 

Discuss whether any gravity-driven sources of borated water are available for injection following 
a loss of inventory during shutdown.  At operating plants, the ability to inject from the refueling 
water storage tank (RWST) is an important mitigation strategy during shutdown, but the IRWST 
at the U.S. EPR is below the RCS elevation.  Discuss how this design feature, which enhances 
safety by eliminating the need for recirculation switchover following a loss-of-coolant accident 
(LOCA), affects shutdown risk. 

Response to Question 19-185 

The PRA does not credit any gravity-driven sources of borated water for injection following a 
LOCA during shutdown.  Therefore, the risk during shutdown is dependent upon the availability 
of pumped flow.  

Pumped flow of borated water is available from the four (4) safety related trains of the Safety 
Injection System (SIS) taking suction from the IRWST, and from the two (2) trains of the Extra 
Borating system (EBS), taking suction from the EBS tanks.  The availability of four (4) 
emergency diesel generators (EDG) and two station-blackout diesel generators (SBODG) 
reduces the likelihood of losing pumped flow.  See U.S. EPR FSAR Tier 2, Section 5.4.7.2.1, for 
a more detailed description of U.S. EPR design features that support improved safety during 
shutdown and mid-loop operation.   

The availability of these systems during shutdown will be assured by administrative controls that 
meet the guidance of NUMARC 91-06, "Guidelines for Industry Actions to Assess Shutdown 
Management," as described in the response to RAI 19-27. 

FSAR Impact: 

The U.S. EPR FSAR will not be changed as a result of this question. 
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Question 19-186 

Provide the assumed water volume in the IRWST during shutdown and the assumed water 
volume that is transferred to the refueling cavity.  Do LHSI and MHSI draw from the IRWST 
following a LOCA in POS E?  If so, clarify, with supporting drawings as needed, whether the 
suction point from the IRWST remains covered with water in POS E. 

Response to Question 19-186 

The low head safety injection (LHSI) and medium head safety injection (MHSI) draw from the in-
containment refueling water storage tank (IRWST) following a LOCA in plant operating state 
(POS) E.  U.S. EPR FSAR Tier 2, Figure 6.3-3 shows the safety injection system (SIS) suction 
points.  Since the SIS suction points are in the floor of the IRWST, the available suction points 
remain covered with water in POS E.  

The IRWST has a minimum inventory of approximately 500,000 gallons, and a nominal 
inventory of about 520,000 gallons.  During refueling, most of the available IRWST inventory is 
used to fill the RCS refueling cavity (approximately 234,000 gallons), internals storage pool 
(approximately 156,000 gallons), the reactor building transfer pool (approximately 51,000 
gallons), and the RCS (approximately 33, 000 gallons).  This leaves an approximate water 
volume of between 26,000 and 46,000 gallons in the IRWST during refueling.  However, if there 
is a significant LOCA in any of the above areas, water will drain back into the IRWST.  

The most limiting condition during refueling for availability of the IRWST supply water to SIS is 
during the inspection of the IRWST liner.  The IRWST is divided symmetrically by a wall 
approximately 32 inches high.  The divider allows for inspection of the IRWST liner during plant 
shutdown.  When inspection of the IRWST liner is required, one half of the IRWST is emptied at 
a time while the alternate half remains available for use.  The wall ensures a sufficient water 
level in one half of the IRWST to support the operation of the available SIS pumps after the 
refueling cavity has been filled from the IRWST.   

FSAR Impact: 

The U.S. EPR FSAR will not be changed as a result of this question. 
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Question 19-187 

Clarify the success criteria for RHR in all POS (both in the initiating event assessment and as a 
mitigating system).  Provide a description and results of the calculations performed to justify 
these success criteria.  If the number of trains required is different from the numbers used to 
support system analyses and/or development of TS, state why. 

Response to Question 19-187 

The shutdown PRA spans plant operating states (POS) C through F.  For these POS, one 
residual heat removal (RHR) train is modeled as required for success as a mitigating system.  
The loss of RHR initiating event is described as a loss of all running RHR trains and failure to 
start any standby RHR train, if applicable.   
 
The calculated RHR single-train heat duty is 70.87 MW at 356°F and 38.74 MW at 250°F. This 
is justified with an emergency cooldown calculation that provides single-train RHR heat removal 
capacities and RHR system heat loads under various shutdown conditions.  As shown in the 
response to RAI 14, Question 19-133 (Table 19-133-1), the decay heat at the beginning of 
operation in Mode 4 and POS CA is 37.1 MW.  The conclusion is that, for all shutdown POS, 
any one RHR train in operation provides enough flow to remove decay heat from the core. 
 
As shown in U.S. EPR FSAR Tier 2, Section 5.4.7.3, some analyses took credit for two trains of 
RHR.  The technical specifications in some POS also require that two RHR trains be operable 
or operating.  This was due to assuming that one train was out of service due to preventive 
maintenance, and one train out of service due to the most limiting single failure.  Although the 
deterministic design rules allow credit for two trains, the RHR is sized so that a single RHR train 
is adequate for emergency cooldown requirements. 
 

FSAR Impact: 

The U.S. EPR FSAR will not be changed as a result of this question. 
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Residual Heat Removal (RHR) Loops - Low Water Level 
B 3.9.5 

 
 

 
U.S. EPR STS B 3.9.5-3 Rev. 0  

BASES 
 
ACTIONS  (continued) 

 
B.3, B.4, and B.5 
 
If no RHR loop is in operation, the following actions must be taken: 
 
a. The equipment hatch must be closed and secured with four bolts; 
 
b. One door in each air lock must be closed; and 
 

 c. Each penetration providing direct access from the containment 
atmosphere to the outside atmosphere must be either closed by a 
manual or automatic isolation valve, blind flange, or equivalent, or 
verified to be capable of being closed by an OPERABLE 
Containment Ventilation System. 

 
With the RHR loop requirements not met, the potential exists for the 
coolant to boil and release radioactive gas to the containment 
atmosphere.  Performing the actions stated above ensures that all 
containment penetrations are either closed or can be closed so that the 
dose limits are not exceeded. 
 
The Completion Time of 4 hours allows fixing of most RHR problems and 
is reasonable, based on the low probability of the coolant boiling in that 
time and the features available to maintain RHR operation and vessel 
level (Ref. 1). 

 
SURVEILLANCE SR  3.9.5.1 
REQUIREMENTS 

This Surveillance demonstrates that one RHR loop is in operation and 
circulating reactor coolant.  The minimum flow rate specified is to prevent 
thermal and boron stratification in the core.  The Frequency of 12 hours is 
sufficient, considering the flow, temperature, pump control, and alarm 
indications available to the operator for monitoring the RHR System in the 
control room. 

 
 

SR  3.9.5.2 
 
Verification that the required pump is OPERABLE ensures that an 
additional LHSI pump can be placed in operation, if needed, to maintain 
decay heat removal and reactor coolant circulation.  Verification is 
performed by verifying proper breaker alignment and power available to 
the required pump.  The Frequency of 7 days is considered reasonable in 
view of other administrative controls available and has been shown to be 
acceptable by operating experience. 

 
REFERENCES 1. Chapter 5.  

19-178
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