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Martin (Marty) C. Bryan 
U.S. EPR Design Certification Licensing Manager 
AREVA NP Inc. 
Tel: (434) 832-3016 
702 561-3528 cell 
Martin.Bryan.ext@areva.com 
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Darrell, 
  
Attached are the DRAFT response to RAI 351 Question 09.02.05-27, markups and inserts. This is for first round review by 
NRC. 
  
  

Harold E. Edwards (Gene), PE 

Advisory Engineer 

AREVA NP Inc.  
7207 IBM Drive, CLT 3C 

Charlotte, North Carolina   28262 

Phone: 704-805-2340 

The information in this e-mail is AREVA property and is intended solely for the addressees. Reproduction and 
distribution are prohibited. Thank you .  
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Response to  
 

Request for Additional Information No. 351, Supplement 2 
 

01/15/2010 
 

U.S. EPR Standard Design Certification 
AREVA NP Inc. 

Docket No. 52-020 
SRP Section: 09.02.05 - Ultimate Heat Sink 

SRP Section: 09.05.01 - Fire Protection Program 
 

Application Section: FSAR Chapter 9 
 

QUESTIONS for Balance of Plant Branch 1 (AP1000/EPR Projects) (SBPA) 
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Question 09.02.05-27: 

Follow-up to RAI 175, Question 9.2.5-09: 

In order to satisfy system flow requirements, the ultimate heat sink (UHS) design must assure 
that the minimum net positive suction head (NPSH) for the essential service water system 
(ESWS) pumps will be met for all postulated conditions, including consideration of vortex 
formation.  Standard Review Plan (SRP) 9.2.5 Section III, paragraph 3.C specifies confirmation 
that the maximum design cooling water temperature is not exceeded under the worst 
combination of adverse environmental conditions, in conjunction with a design basis accident.  
Final Safety Analysis Report (FSAR) Tier 2 Table 9.2.5-1 indicates the maximum required 
ESWS design basis accident (DBA) temperature is 35˚C (95˚F) and FSAR Tier 2 Section 16 
Technical Specification Surveillance Requirement (SR) 3.7.8.2 requires UHS basin temperature 
during plant operation to be maintained less than or equal to 32.2˚C (90˚F). This indicates that 
the maximum basin temperature increase during worst case design basis conditions is 2.8˚C 
(5˚F).  However, there is no explanation of the relationship between these temperatures or the 
calculation basis used to determine the 2.8˚C (5˚F) temperature increase in FSAR Section 
9.2.5. As such, the following questions are provided: 

1. Provide key assumptions and inputs in FSAR Section 9.2.5 for calculations that establish 
the basis and define design margin for the minimum basin water level, maximum basin 
volume loss and maximum temperature increase during the first 72 hours when basin water 
makeup is assumed to be lost and after the minimum makeup water flow (300 gpm) is 
established; include consideration of vortex formation.  These calculations should be made 
available for staff audit 

2. Provide the heat load associated with ESWS pump mechanical work and ESWS pump room 
cooler in this analysis.  The heat loads/flows should be listed in FSAR Tier 2 Table 9.2.5-1.  

3. Provide an explanation in FSAR Tier 2 Section 9.2.5 for; (1) the relationship between 32.2˚C 
(90˚F) and 35˚C (95˚F), (2) the analysis used to determine the accident temperature 
increase and why it is conservative.  

4. Provided in FSAR Tier 1 Section 2.7.11 the maximum temperature for the cooling tower 
water volume.  

Based on the staff’s review of the applicant's response to RAI 9.2.5-09 (ID1817/6804) AREVA 
#175, Supplement 2, the following were determined as unresolved and needed further 
clarification/resolution by the applicant. 

The response to Item 1 referred to FSAR Tier 2 Section 9.2.1 (AREVA RAI No. 119, Question 
9.2.1-08) for establishing the minimum cooling tower basin water level.  However, this 
information needs to be included or referenced in FSAR Tier 2 Section 9.2.5.  In addition to the 
meteorological conditions in FSAR Tier 2 Table 2.1-3 that are referred to, the methodology and 
key analytical assumptions and inputs (including excess margin and conservatisms) that were 
used in establishing the total water usage over the most limiting 72 hour period need to be 
described in FSAR Tier 2 Section 9.2.5.  The FSAR description needs to specify what this water 
volume is.  Also, the minimum required cooling tower basin water level needs to be established 
and specified in FSAR Tier 2 Section 9.2.5 by adding the minimum required water usage 
volume to the minimum water level that is needed to satisfy essential service water pump NPSH 
and vortexing considerations.  Similarly, the methodology and key analytical assumptions and 
inputs (including excess margin and conservatisms, and information provided in FSAR Tier 2 
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Table 2.1-4) that were used in establishing the maximum increase in the basin water 
temperature, and what this maximum temperature is, needs to be described in FSAR Tier 2 
Section 9.2.5. 

With regard to Item 2, the response only addressed the heat rejected by the essential service 
water pump air cooled motor and did not address heat input due to pump mechanical work.  As 
noted in guidance provided by SRP 9.2.5 Paragraph III.1A, pump mechanical work is one of the 
UHS heat inputs considered by the design. Since the ESWS pumps are relatively large, the 
energy imparted to the pumped fluid as heat should be included with the other UHS heat loads.  
In contrast, pump motor ambient heat should be included in the ESWS pump room cooler heat 
load.  These heat load inputs need to be described and included in the FSAR along with the 
other heat loads that have been identified and addressed. 

With regard to Item 3, in response to part (1) the applicant explained that the UHS basin 
temperature is maintained less than or equal to 32.2 °C (90 °F) during normal plant operation so 
that the maximum UHS basin temperature for the duration of a DBA of 35 °C (95 °F) is not 
exceeded.  The associated markup of FSAR Tier 2 Section 9.2.5 needs to be expanded to 
make it clear what 35 °C (95 °F) represents (e.g. the maximum design basis UHS basin 
temperature for the duration of a DBA).  Also, the basis for all ESWS temperatures that are 
listed in Table 9.2.5-1 needs to be included in the FSAR Tier 2 description. 

In response to part (2) of Item 3, the applicant explained that the maximum basin temperature 
was based on an (81 °F) wet bulb temperature with 1 percent exceedance, and that it was 
highly unlikely that these climate conditions could occur simultaneously with a DBA.  However, 
the staff considers the 1 percent exceedance wet bulb temperature to be nonconservative for 
this application because higher temperatures that are less than two hours in duration can cause 
UHS temperature limits to be exceeded.  Additionally, the staff noted that use of this 1 percent 
exceedance value appears to be inconsistent with the information provided in FSAR Tier 2 
Table 2.1-4.  Therefore, additional explanation and justification is needed to ensure that 
temperature assumptions are conservative. 

Response to Question 09.02.05-27: 

Item 1 

Analytical results confirm that the minimum submergence level for the essential service water 
pump to prevent vortex effects is the limiting condition for determining the minimum water level 
in the cooling tower basin. 

The 72 hour basin water volume is the minimum water volume that must be present in the basin 
to accommodate system water inventory losses experienced due to UHS Cooling tower 
operation during a Design Basis Accident (DBA). The required volume is determined based on 
water losses under the worst case environmental conditions and with the essential service water 
(ESW) heat load during a DBA for a 72-hour period, without incurring pump vortexing during this 
period. 

UHS Cooling tower blowdown is automatically secured during the initial 72-hour post-accident 
period through system instrumentation and control design features. As a result, the only 
significant system water inventory losses are due to evaporation, cooling tower drift, valve seat 
leakage, and seepage. 
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Meteorological conditions resulting in the maximum evaporative loss of water for the UHS over 
a 72-hour period are represented in U.S. EPR FSAR, Tier 2, Table 2.1-3, Design Values for 
Maximum Evaporation and Drift Losses of Water from the UHS (this table will be moved to Tier 
2, Table 9.2.5-3 in Revision 2 of the U.S. EPR FSAR). 

Response to RAI 119 Question 09.02.01-17 provides a figure that details the various UHS 
Tower basin water levels and respective margins. This figure was added to U.S. EPR FSAR 
Tier 2, Section 9.2.5 per RAI 345, Question 09.02.01-41. A margin of 6” was applied for the 
minimum pump submergence and a 10” margin for the 72-hour water volume.  Drift loss from 
the UHS tower is 0.005%; however, a conservative 0.10% was used in the analysis.  The valve 
leakage is calculated assuming all isolated valves leak simultaneously at a maintained rate of 
0.5 D (inch) gpm.  The 30 day seepage loss is 360,000 lbm and a 3-day seepage loss of 40,000 
lbm was chosen for this analysis. This analysis also assumes that ESW pumps operate at 
design flow for the 72-hour duration. A water height of 21” is provided above the technical 
specification height required to account for the operating band and other instrument margins. 
Also 6” is provided for freeboard. 

The maximum temperature increase during the first 72 hours assumes each ESW train consists 
of a two-cell cooling tower, where both cells share a common water storage basin.  One ESW 
pump serves each ESW train, and the flow is assumed to be evenly split between the two cells 
of the cooling tower.  Two of the four ESW trains are assumed to operate following the DBA.  
The fans in both cells of the cooling tower are assumed to operate at full speed for the 72-hour 
duration. 

The cooling tower basin water volume required for the most limiting 72 hour period is currently 
provided in FSAR Tier 2, Table 9.2.5-2.  Additionally, the minimum required cooling tower basin 
water level for pump operation is provided in Table 9.2.5-2. 

 

Item 2 

The mechanical work done by the UHS Cooling Tower Basin Pump during normal, cooldown, 
and DBA operations is 2.80 MBtu/hr (820 kW).  This value will be added to FSAR Tier 2 Table 
9.2.5-1. Table 9.2.5-1 heat load values are revised as indicated in the response to RAI 406 
Question 09.02.02-110.  U.S. EPR FSAR Tier 1, Table 2.7.11-3, Item 7.1 will be revised in 
accordance with the revised CCWS heat load value and include the ESW pump mechanical 
work.  The corresponding insert supersedes the markup and acceptance criteria stated in the 
response to RAI 345, Question 09.02.01-45.  The pump motor ambient heat is included in the 
ESWS pump room cooler heat load in FSAR Tier 2 Table 9.2.5-1.  These numbers assume that 
the pump is operating at the maximum horsepower. 

 

Item 3, Part 1 

The RAI 175 Supplement 2, Question 09.02.05-9 markup of FSAR Tier 2 Section 9.2.5.4 will be 
expanded to indicate that 95 °F is the maximum design basis UHS basin temperature for the 
duration of a DBA. Also it will be expanded to indicate that normal UHS basin temperature of 
less than or equal to 90 °F and DBA UHS basin temperature of less than or equal to 95 °F are 
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the bases for ESWS temperatures listed in FSAR Table 9.2.5-1. As indicated in the response to 
RAI 406 Question 09.02.02-110, a value of 92 °F normal ESWS temperature is used for sizing 
the CCWS heat exchanger. 

 

Item 3, Part 2 
 

The maximum basin temperature is based on an 81°F Wet Bulb temperature with a zero 
percent exceedance which is the most conservative design for this application and is consistent 
with FSAR Tier 2, Table 2.1-4, Design Values for Minimum Water Cooling of the UHS (this table 
will be moved to Tier 2, Table 9.2.5-4 in Revision 2 of the U.S. EPR FSAR).  The previous 
response incorrectly listed the 81°F WBT is with a 1 percent exceedance. 

 

FSAR Impact: 

U.S. EPR FSAR Tier 1, Table 2.7.11-3 will be revised as described in the response and 
indicated on the enclosed markup. 

U.S. EPR FSAR Tier 2, Sections 9.2.5.3.3, 9.2.5.4 and Table 9.2.5-1 will be revised as 
described in the response and indicated on the enclosed markup. 

 

 

 

 

 

 













RAI 351, Q 09.02.05-27, response MU Inserts 
 
 
9.2.5.3.3 Cooling Tower Basin 
 
INSERT 1 FOR U.S EPR FSAR 9.2.5.3.3: 
 
The 72 hour basin water volume is the minimum water volume that must be present in the basin 
to accommodate system water inventory losses experienced in that basin due to UHS Cooling 
tower operation during a Design Basis Accident. The required volume is determined based on 
water losses under worst case environmental conditions with the highest ESW heat load during a 
Design Basis Accident for a 72 hour period without incurring pump vortexting during operation. 
Inventory losses consist of evaporation losses, tower drift losses as well as valve seat leakage and 
seepage. 
 

A margin of 6” was applied for the minimum pump submergence and a 10” margin for the 72-
hour water volume.  Drift loss from the UHS tower is 0.005%; however, a conservative 0.10% 
was used in the analysis.  The valve leakage is calculated assuming all isolated valves leak 
simultaneously at a maintained rate of 0.5 D (inch) gpm.  The 30 day seepage loss is 360,000 lbm 
and a 3-day seepage loss of 40,000 lbm was chosen for this analysis. This analysis also assumes 
that ESW pumps operate at design flow for the 72-hour duration. A water height of 21” is 
provided above the technical specification height required to account for the operating band and 
other instrument margins. Also 6” is provided for freeboard.  

 
UHS Cooling tower blowdown is automatically secured during the initial 72 hour post-accident 
period through system instrumentation and control design features. As a result, the only 
significant system water inventory losses are due to evaporation, cooling tower drift, valve seat 
leakage, and seepage. 
 
 
INSERT 2 FOR U.S EPR FSAR Section 9.2.5.4: 
 
95 °F is the maximum design basis UHS basin temperature for the duration of a DBA. The 
normal UHS basin temperature of less than or equal to 90 °F and DBA UHS basin temperature of 
less than or equal to 95 °F are the bases for ESWS temperatures listed in FSAR Table 9.2.5-1. A 
value of 92 °F normal ESWS temperature is used for sizing the CCWS heat exchanger. 
 
INSERT 3 FOR U.S EPR FSAR Table 9.2.5-1: 
 

ESW Pump 
PEB 

10/20/30/40 
AP001 

2.80  N/A N/A 
Normal 

Operations/Cooldown/ and 
DBA 
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