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Summary of the March 19-20, 2009 Regulatory Audit Of ESBWR  
Chapter 9 RTNSS/Cold Shutdown Systems 

.Economic Simplified Boiling Water Reactor (ESBWR) 
Design Certification 

 
On March 19-20, 2009, the U.S. Nuclear Regulatory Commission (NRC) staff conducted a 
regulatory audit of the supporting information for the ESBWR Design Control Document (DCD), 
Tier 2, Revision 5, Section 9.2, “Water Systems.”  This audit summary documents the staff’s 
discussion with GEH and GEH actions to resolve RAI 9.2-24 related to the plant service water 
system (Section 9.2.1), reactor component cooling water system (Section 9.2.2) and nuclear 
island chilled water subsystem (Section 9.2.7).  The audit was primarily focused on the review of 
these systems with regard to the regulatory treatment of non-safety systems (RTNSS) and the 
ability to support cold shutdown operations.  The audit was conducted at the GEH offices in 
Washington, D.C.   
 
During the audit, the staff reviewed and discussed with GEH additional documents provided by 
GEH that pertain to the DCD and RAI 9.2-24 that are related to the plant service water system 
(Section 9.2.1), reactor component cooling water system (Section 9.2.2) and nuclear island 
chilled water subsystem (Section 9.2.7).  The review was limited to the regulatory treatment of 
non-safety systems (RTNSS) and the ability to support cold shutdown operations. The purpose 
of the review was to identify design information relied on to support RTNSS functions and 
cooldown functions, consistent with the technical specifications, but is not currently documented 
in the DCD identified in Tier 2, Chapter 9.2.  The staff identified design information that should 
be included in the DCD in order to reach reasonable assurance that these systems will perform 
their intended non-safety functions related to RTNSS and the cooldown function and system 
performance. 
 
During the audit, the staff utilized an interdisciplinary audit team consisting of professionals with 
expertise in cooling water systems.  The audit team included staff from the NRC and consulting 
organizations.  Representatives from GEH introduced the available documents available for the 
staff to review and indicated which documents provide technical information that may address 
RAI 9.2-24.  Additional information on audit participants, documentation reviewed, audit topics 
and audit findings is provided in several tables.  Table 1 identifies the audit participants.  Table 2 
identifies the documentation the staff reviewed during the audit.  Tables 3, 4, and 5, column 1, 
identify specific topics and objectives addressed by the audit.  Tables 3, 4, and 5, column 2, 
identify the audit findings and comments for each of the audit items. 
 
Subsequent to the audit, GEH addressed the audit findings in the response to RAI 9.2-24, which 
may be found in the Agency-wide Documents Access & Management System (ADAMS) at 
Accession Number ML091560116. 
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Table 1:  Attendance List - Regulatory Audit on March 19-20, 2009 of ESBWR Chapter 9 
RTNSS/Cold Shutdown Systems: Audit Participants 

 
Participants Organization
Tim Enfinger GEH 
Art Alford GEH 
Michael Arcaro GEH 
Patricia Campbell GEH 
Rick Wachowiak (by phone) GEH 
Pete Wolfinger (by phone) GEH 
Adam Liebergen BVZ Nuclear Power Partners 
Thomas Hicks Dominion 
Gina Borsch Dominion 
Chang Li NRC 
Larry Wheeler NRC 
Dennis Galvin NRC 
Steven Bloom  NRC 
Douglas Dodson NRC 
Tarico Sweat NRC 
Amy Cubbage (by phone) NRC 
Jeff Cruz (by phone) NRC 
Ron Dykhuizen Sandia National Laboratory 
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Table 2:  Regulatory Audit on March 19-20, 2009 of ESBWR Chapter 9 RTNSS/Cold Shutdown 
Systems: Documentation Reviewed 

 
System Documentation 
 
Plant service 
water system 
(PSWS) P41 

 

 
• System design specification, R3  
• P&ID, R2 (waiting BVZ verification) 
• Calculation – design parameters, R0 
• Calculation – pipeline sizing, R0 
• Calculation – equipment sizing, R0 
• Calculation – pressure drop, R0 
• PRA model, R0 
• P41 notebook, R3 

 
 
Reactor 
component 
cooling water 
system 
(RCCWS) P21 

 

 
• System design specification, R3 (waiting BVZ verification) 
• P&ID, R1 
• Calculation – design parameters, R0 
• Calculation – pipeline sizing, R0 
• Calculation – equipment sizing, R0 
• Calculation – heat/cooling load and flow, R0 
• Calculation – pressure drop, R0 
• PRA model, R3 
• P21 notebook, R0 
• Instrument list. RA  (DRAFT) 

 
 
Chilled water 
system (CWS) 
P25 

 

 
• System design specification, R2 (for review) 
• P&ID, R1 (for review) 
• Calculation – design parameters, R0 (for review) 
• Calculation – pipeline sizing, R0 (for review) 
• Calculation – heat/cooling load, R0 (for review) 
• PRA model, R3  
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Table 3:  Regulatory Audit on March 19-20, 2009 of ESBWR Chapter 9 RTNSS/Cold Shutdown 
Systems: Audit Items and Findings/Comments - PSWS  

 
RAI 9.2-24  Audit items, PSWS Audit finding/comments, PSWS 

a.  HIGH LEVEL GOAL: 
 
The staff/reviewer should determine if the system 
is considered highly reliable and no single active 
failure should result in the inability to terminate 
use of passive safety-grade system and achieve 
cold shutdown. 
 
The staff/reviewer will review the GEH 
documentation to determine what additional 
information needs to be added to the DCD.   

 
 
GEH stated that PSWS has completed 
approximately 20 percent of its design 
review. 

b.1  
 
Determine the most limiting conditions upon which 
the plant service water system (PSWS) design is 
based need to be described (e.g., 
shutdown/cooldown with maximum core decay 
heat and maximum allowed spent fuel pool heat 
load, capability to perform plant cooldown within 
specified criteria, single failure and loss of power 
considerations. 
 
Determine the amount of excess margins that are 
included in the design to account for uncertainties, 
component wear and aging effects, fouling of heat 
transfer surfaces and spray nozzles, strainer 
debris collection, etc., need to be described and 
why the specified margins are considered to be 
adequate need to be explained. 
 
Determine the specific values or ranges of values 
chosen as the bounding conditions for the design 
need to be specified and explained (e.g., limiting 
temperatures; wet bulb, and dry bulb); both the 
specified design and minimum required capability 
of heat exchangers, cooling towers, and pumps 
based on excess margin considerations; minimum 
required water level in the service water basins to 
satisfy inventory and net positive suction head 
requirements). 
 
Note that combined license (COL) information 
items and interface requirements should be 
established as appropriate. 
 
 

 
 
GEH stated that the two most limiting 
conditions were:  
 

• Cooldown with LOOP at 
~412MBTU/hr (total of A&B 
trains) – both trains and 3 pumps 

• single train failure cooldown at 
~275MBTU/hr 

 
These are provided in the DCD table 
9.2-1, and supported by the system 
design specification.  GEH will clarify this 
in the revised RAI response.  
 
GEH states that there was approx 
13 percent excess margin in their design 
calculation.  GEH will clarify this in the 
revised RAI response.  This 13 percent 
was in the sizing of the heat exchangers. 
Other margin is gained by conservatively 
using a 20 year spent fuel pool load, 
1 percent exceedance weather values, 
single train failure and a recent full core 
offload.  It is assumed that the thermal 
simulation of the post LOCA response 
used the 113 percent heat exchanger, 
and thus margin was not demonstrated in 
the simulation. 
 
Bounding conditions are based on DCD 
Table 2.0.1 for wet and dry bulb 
(1 percent exceeding of 100oF dry and 
82oF wet) and single train failure.  GEH is 
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RAI 9.2-24  Audit items, PSWS Audit finding/comments, PSWS 

 
Determine what needs to be included in the DCD. 

to also review the following and provide 
clarification in the revised RAI response 
to address: 
 

• Level I&C for tower basin 
• Define 1 trains vs. 2 trains 
• Review NPSH requirements 
• Review Tier 1 interface 

requirements for NPSH vs. 
ITAAC. 

• Operating Experience related to 
GL 89-13 (SW problems affecting 
safety related  equipment) 

 
GEH is to provide necessary DCD text 
and drawing mark-ups in order for the 
staff to close out this item.  GEH will 
consider DCD update. 

b.2  
 
Review the supplied documents and drawings for 
nominal pipe sizes and flow rates through 
individual coolers.   
 
Determine what needs to be included in the DCD. 

 
Out of date P&IDs were reviewed for pipe 
sizes against the more up-to-date system 
design specifications.  Calculations were 
reviewed for flow velocities.  42” concrete 
pipe was used for underground header 
calculations (concrete will not be used per 
GEH in PSWS).  The COL applicant could 
use concrete; however, they would have 
to justify the use based on site water 
conditions (see COL action item 
9.2.1-1-A).  
 
Most limiting piping velocity was ~ 14 feet 
per second (fsp) (2 pumps on the return 
header).  GEH is to clarify piping system 
most limiting velocities in the revised RAI 
response. 

b.3  
 
Review the supplied documents for train 
designations for cross-connect valves. 
 
Determine what needs to be included in the DCD. 

 
Out of date P&IDs were reviewed for 
system cross-tie.  GEH stated that all 
AOV have been replaced with MOV in the 
PSWS pump house since instrument air 
(IA) was not available.  
 
GEH is to provide updated drawings for 
the DCD to properly show cross-tie valves 
and properly show the conceptual details 
of the ties to the normal heat sink.  GEH 
will consider DCD update.  
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RAI 9.2-24  Audit items, PSWS Audit finding/comments, PSWS 

b.4  
 
Review the supplied documents and drawings for 
header temperature and pressure detectors.  
 
Determine what needs to be included in the DCD. 

 
 
The staff reviewed the out-of date P&ID 
and had determined that the system had 
adequate I&C for system monitoring (no 
further action required).  

b.5  
 
Review the supplied documents and drawings for 
pump minimum flow recirculation lines. 
 
Determine what needs to be included in the DCD. 

 
 
GEH is to provide a discussion related to 
pump minimum flow protection or how the 
system design does not required 
minimum flow protection.  GEH stated 
that the pumps will trip for low flow if it is 
dead-headed.  The staff reviewed DCD 
Section 9.2.1.5 Rev. 5 and did not find it.  
The staff did however find that a flow path 
opens upon a start pump signal.  GEH will 
consider DCD update.  

b. 6  
 
Review the supplied documents and drawings for 
related to the air system interface for the air-
operated valves.  Review for how train separation 
is maintained and reliability of this air system 
arrangement. 
 
Determine what needs to be included in the DCD. 

 
 
GEH is to provide a discussion related to 
the removal of AOVs and their 
replacement with MOVs.  GEH is to clarify 
if AOVs vs MOVs which are shown on the 
DCD drawing are used for flow control in 
the PSWS.  GEH will consider DCD 
update. The staff’s understanding was 
that AOVs would continue to be used for 
the flow control features. 

b. 7  
 
Review the supplied documents and drawings for 
valve failure modes. 
 
Determine what needs to be included in the DCD. 

 
 
GEH stated that all MOVs fail as is and 
AOVs fail open at the heat exchanger 
outlet).  GEH is to consider showing AOV 
failed position on DCD drawings.  GEH 
will consider DCD update. 

b. 8  
 
Review the supplied documents and drawings for 
provisions to prevent freezing and damage of 
PSWS piping, components, and basin areas 
(especially near the surface), as well as 
interfacing systems such as cooling tower makeup 
and blowdown. 
 
Determine what needs to be included in the DCD. 

 
 
GEH stated that freeze protection is 
address in Section 1.2.2.12.16 and is not 
part of the ESBWR standard plant design.  
GEH is to provide a discussion of this 
being a COL item or identify existing COL 
item #.  GEH will consider DCD update. 
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RAI 9.2-24  Audit items, PSWS Audit finding/comments, PSWS 

b. 9 
 
Review the supplied documents and drawings for 
how the water in the service water basin is 
replenished when the discharge is being directed 
to the normal power heat sink.  Review the 
minimum required makeup rates for the service 
water basin when the PSWS discharge is directed 
to the normal power heat sink and for when it is 
directed to the service water basin, along with the 
basis for the makeup rates that are specified. 
 
Determine what needs to be included in the DCD. 
 

 
 
GEH to provide a discussion as part of 
b.3 to address this issue.  GEH stated this 
will be a flow balance exercise controlled 
by the system design and operators to 
match flows as close as possible.  GEH 
will consider DCD update. 

b.10 
 
Review the supplied documents and drawings for 
clarification of the water basin.  The system 
drawing for the PSWS shows a single shared 
service water basin whereas DCD Tier 2 
Table 9.2-2 indicates that there are two separate 
service water basins and clarification is needed.  If 
a single shared basin is used review the 
justification for not providing redundancy.  If 
separate service water basins are used, review 
how water levels are maintained when operating 
in a cross-connected configuration. 
 
Determine what needs to be included in the DCD. 

 
 
GEH stated that the tower basin is divided 
between trains and GEH will consider a 
DCD update. 

b.11 
 
Review the supplied documents and drawings for 
valves with hard seats.  The PSWS description 
indicates that valves will be provided with hard 
seats to withstand erosion where needed.  Review 
the bases of this valves and when valves with 
hard seats need to be used.  
 
This is a possible information item for COL 
applicants to identify where such valves will be 
installed to satisfy the specified criteria. 
 
Determine what needs to be included in the DCD. 

 
 
GEH stated that they will provide 
clarification to the hard seats and will 
consider a DCD update.  The staff’s 
understanding was that GEH believed this 
was covered in the COL Information Item 
for material selection (9.2.1-1-A). 

b.12 
 
Review the supplied documents and drawings for 
related to the detection of gross leakage and 
related instruments.  
 

 
GEH stated that based on DCD 
section 9.2.1.5 and DCD drawings and 
instrumentation requirements (flow 
transmitters and basin level), there was 
sufficient I&C to determine gross leakage.  
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RAI 9.2-24  Audit items, PSWS Audit finding/comments, PSWS 

Determine what needs to be included in the DCD. The staff agrees this item can be closed 
based on Revision 5 of DCD 
Section 9.2.1.5. 

b.13 
 
Review the supplied documents and drawings for 
how the PSWS pumps are protected from large 
debris that can end up in the service water basin 
either from makeup water sources or due to basin 
or cooling tower degradation, and how clogging 
due to silt accumulation is prevented from 
occurring (see Information Notice 2006-17, 
Recent Operating Experience of Service Water 
Systems Due to External Conditions,” dated 
July 31, 2006). 
 
Determine what needs to be included in the DCD. 

 
 
GEH stated they will review these issues 
(clogging, silting, debris) and possibly 
considered this a COL item.  GEH 
claimed that they covered strainers in 
9.2.10 for the makeup systems, but did 
not address tower debris.  DCD 9.2.10 
does mention strainers, but not in the 
P&IDs.  GEH will consider DCD update. 

b.14 
 
Review the supplied documents and drawings for 
nominal screen mesh size for the service water 
strainers need to be specified and explained. 
 
Determine what needs to be included in the DCD. 

 
 
GEH stated they will review this.  A copy 
of the EPRI guidance for plate heat 
exchanges was given to GEH by the staff 
for review (fine strainer of <0.08 inch is 
required due to narrow passages).  GEH 
will consider DCD update. 

b 15 
 
Review the supplied documents and drawings for 
vacuum breakers at high points.  Although the 
description indicates that vacuum breakers will be 
installed at high points in system piping, none are 
shown on the system drawings.   
 
An information item may need to be established 
for COL applicants to include vacuum breakers in 
the plant-specific heat rejection facility piping. 
 
Determine what needs to be included in the DCD. 

 
 
GEH stated that the vacuum breakers 
(VBs) are not well shown (shown as an 
AOV) at the PSWS pump discharge.  
GEH stated that the VBs are designed to 
be at the high point of the system and will 
consider adding a note to the DCD 
drawings stating that the VBs are at the 
high point of the PSWS.  GEH will 
consider DCD update. 

b.16 
 
Review the supplied documents and drawings for 
DCD consistence between sections related to 
instruments.  DCD Tier 2 Section 9.2.1.5, 
“Instrumentation Requirements,” indicates that 
with one PSWS pump operating, the respective 
standby pump starts automatically upon detection 
of a low system pressure signal in that train, loss 
of electric power to the operating pump, or an 
operating pump trip signal.  This section also 

 
 
GEH is to provide a discussion on this 
issue (pump auto starts and valve 
operations) with the b 5 discussion 
related to minimum flow protection.  GEH 
will consider DCD update. 
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RAI 9.2-24  Audit items, PSWS Audit finding/comments, PSWS 

indicates that starting a PSWS pump 
automatically opens a flow path through the 
RCCWS and TCCWS heat exchangers. 
 
However, no description is provided under the 
operation discussion in Section 9.2.1.2, “System 
Description,” about these operating features, and 
there is no discussion about operation of the 
self-cleaning strainers. 
 
Determine what needs to be included in the DCD. 

 
 
 
---------------------------------------- 
GEH is to provide a discussion on pump 
downstream strainer power and verify if 
EDG power is required and also provide a 
discussion of the operation of the 
strainers.  GEH will consider DCD update. 

b.17 
 
Review the supplied documents and drawings 
related to cooldown alignments.  DCD Tier 2 
Table 9.2-1 needs to indicate which alignment is 
for a 24 hour cooldown and which is for a 36 hour 
cooldown to cold shutdown conditions. 
 
Determine what needs to be included in the DCD. 
 

 
 
GEH stated that to support the 24 hr. 
cooldown, 3 of 4 pumps and supporting 
HXs are needed.  2 of 4 pumps and 
supporting HXs are needed for the 36 hr. 
cooldown. GEH is to provide pointers to 
other DCD sections related to system 
cooldown requirements. 

c. 
 
Review the supplied documents and drawings for 
plant service water system (PSWS) design related 
to the minimum net positive suction head (NPSH) 
for the PSWS pumps (needs to be satisfied for all 
postulated conditions, including vortex formation 
considerations.)  The system description indicates 
that the PSWS pumps have sufficient available 
NPSH under worst case conditions, and that the 
water levels in the service water basins are 
monitored to ensure sufficient NPSH.  However, 
the specific NPSH requirements for the PSWS 
pumps; the minimum required service water basin 
water level that is necessary to satisfy NPSH 
requirements and the basis for this determination 
and limiting assumptions that were used (e.g., 
water level, maximum temperature, maximum flow 
rate, number of pumps operating, vortex effects); 
how this minimum required water level compares 
to the minimum water level that is maintained in 
the service water basins to satisfy excess margin 
and inventory considerations.  
 
Review GEH response to RAI 9.2-23.  
 
 
 

 
 
GEH states that NPSH is part of the 
preoperational test (Section 14.2.8.1.51); 
this testing (or testing for vortex 
formation) is not specifically identified in 
this section.  GEH is to provide a 
response to the testing or verification of 
NPSH in chapter 14, Tier 1 
Section 2.12.7, ITAAC and interface 
requirements (Section 4.1).  GEH will 
consider DCD update. 
 
GEH noted that the staff needed to review 
the GEH responses to RAI 14.3-324, 325, 
326 related to Section 14.  
 
The staff informed GEH that the “vague” 
Tier 1 ITAACs contain no real acceptance 
criteria.  GEH was given examples to 
AP1000 RTNSS ITAACs which had 
service water flow rate acceptance 
criteria.  GEH will provide a response to 
this generic issue.  
 
 
 
This is also related to RAI 9.2-23 which 
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RAI 9.2-24  Audit items, PSWS Audit finding/comments, PSWS 

Determine how the combined license (COL) 
applicants will know to periodically confirm that 
adequate levels exist.  
 
Determine what needs to be included in the DCD. 

also remains open.  GEH states in this 
RAI response that NPSH requirements 
will be developed under detailed design 
phase and a COL information item will be 
considered due to part of the cooling 
tower design being CDI.  The staff 
believes that the interface requirements 
for the NPSH need to be established.  
GEH will provide a response to this issue. 

d.  

Review the supplied documents and drawings 
related to waterhammer.  The plant service water 
system (PSWS) description indicates that the 
potential for waterhammer is mitigated through the 
use of various system design and layout features, 
such as automatic air release/vacuum valves 
installed at high points in system piping and at the 
pump discharge, proper valve actuation times to 
minimize water hammer, procedural requirements 
ensuring proper line filling prior to system 
operation and after maintenance operations, and 
the use of a check valve at each pump discharge 
to prevent backflow into the pump  
 
Determine what needs to be included in the DCD. 

 

GEH noted that RAI 9.2.11 previously 
addressed this issue and DCD 
Section 13.5.2 properly addressed plant 
operating procedures.  In Revision 5 of 
DCD Section 13.5.2, it refers these 
RTNSS water systems to the criteria in 
ANSI/ANS 3.2 standard, which has the 
procedures that deal with the water 
hammer. 

d.1 

Review the supplied documents and drawings for 
the amount of back leakage through the pump 
check valves that is considered to be excessive.  
Review how excessive check valve back leakage 
or system voiding will be prevented from occurring 
over time.   
 
Determine what needs to be included in the DCD. 

 

GEH is to provide a discussion related to 
back leakage via check valves and air 
venting at system highpoints.  GEH will 
consider DCD update. 

d. 2 

Review the supplied documents and drawings for 
how proper operation of the automatic air 
release/vacuum valves will be assured over time. 
 
Determine what needs to be included in the DCD. 

 

GEH is to provide a discussion related to 
vacuum breakers and testing of vacuum 
breakers.  GEH will consider DCD 
update. 

d. 3 

Review the supplied documents and drawings for 
valve actuation/stroke times.  Review that the 
valve actuation/stroke times are considered to be 
appropriate (especially with respect to the air-
operated valves) and how these times will be 
maintained as the plant ages needs to be 

 

GEH stated that there are no fast closing 
valves in the PSWS that would cause a 
concern with causing a waterhammer 
event.  GEH is to provide a discussion to 
this fact and will consider DCD update. 
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RAI 9.2-24  Audit items, PSWS Audit finding/comments, PSWS 

described. 
 
Determine what needs to be included in the DCD 
d. 4 

Review the supplied documents and drawings for 
related to waterhammer.  Review that the initial 
test program will demonstrate that automatic 
actuation of a standby loop or actuation of both 
loops following a loss of power will not result in a 
significant waterhammer event with the PSWS 
return aligned to either the natural draft or 
mechanical draft cooling towers.   
 
Determine what needs to be included in the DCD. 

 

GEH is to provide a discussion related to 
initial testing of vacuum breakers and 
system auto starts.  GEH may combine 
with the discussion on b3. GEH will 
consider DCD update. 
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Table 4:  Regulatory Audit on March 19-20, 2009 of ESBWR Chapter 9 RTNSS/Cold Shutdown 
Systems: Audit Items and Findings/Comments – RCCWS 

 
RAI 9.2-24  Audit items, RCCWS Audit finding/comments  RCCWS
a.  
HIGH LEVEL GOAL:  

The staff/reviewer should determine if the system 
is considered highly reliable and no single active 
failure should result in the inability to terminate 
use of passive safety-grade system and achieve 
coldshutdown. 
 
The staff/reviewer will review the GEH 
documentation to determine what additional 
information needs to be added to the DCD. 
 

 
 
GEH stated that RCCWS has completed 
approximately of its 20 percent design 
review.  The P&IDs supplied with the 
design package were dated Jan 2007 
(over two years old).  

b.1  

Determine the most limiting conditions upon which 
the RCCWS design is based need to be described 
(e.g., shutdown/cooldown with maximum core 
decay heat and maximum allowed spent fuel pool 
heat load, capability to perform plant cooldown 
within specified criteria, single failure and loss of 
power considerations. 
 
Determine the amount of excess margins that are 
included in the design to account for uncertainties, 
component wear and aging effects, fouling of heat 
transfer surfaces and spray nozzles, strainer 
debris collection, etc., need to be described and 
why the specified margins are considered to be 
adequate need to be explained. 
 
Determine the specific values or ranges of values 
chosen as the bounding conditions for the design 
need to be specified and explained (e.g., limiting 
temperatures) both the specified design and 
minimum required capability of heat exchangers, 
cooling towers, and pumps based on excess 
margin considerations. 
 
Note that COL information items and interface 
requirements should be established as 
appropriate. 
 
Determine what needs to be included in the DCD. 

 

The staff compared the system design 
specification to the DCD Table 9.2-3 
which matched (worst case is cooldown 
with LOOP for both A&B trains).  GEH will 
clarify this in the revised RAI response.  
 
 
 
GEH states that there was excess margin 
in their design calculation.  GEH will 
clarify this in the revised RAI response to 
the approx value. 
 
 
 
 
Bounding conditions are based on PSWS 
and DCD Table 2.0.1 for wet and dry bulb 
(1 percent exceeding of 100oF dry and 
82oF wet) and single train failure.  GEH is 
to also review the following and provide 
clarification in the revised RAI response.  
 
 
GEH is to provide necessary DCD text 
and drawing mark-ups in order for the 
staff to close out this item.  GEH will 
consider DCD update. 
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b.2  

Review the supplied documents and drawings for 
nominal pipe sizes and flow rates through 
individual coolers.   
 
Determine what needs to be included in the DCD. 

GEH provided system calculations for the 
staff to review.  GEH is to provide a 
discussion on most limiting system flows 
(19.6 fsp) for fuel auxiliary pools cooling 
system (FAPCS) support and expected 
duration.  GEH is to describe normal 
velocities during normal and upset 
conditions (~14 fps).   

b.3  

Review the supplied documents for train 
designations for cross-connect valves. 
 
Determine what needs to be included in the DCD. 

 

GEH is to provide a response to address 
cross-connect valves and address their 
failed positions.  GEH states that all 
cross-connect AOV fail as is and AOV 
that are downstream of HXs fail open, 
and AOV for HX bypassed flow fail close. 
 
During this discussion it was noted by 
GEH that the P&IDs were outdated and 
the MOV parallel to the EDG flow path 
(for each train) is now DC operated and is 
normally open but closes on a LOPP, 
then is reopened.  It is not clear if this is 
auto open on operator opened.  The staff 
was unaware of this change and the DCD 
should be updated to reflect this major 
change and should be included in the 
bases for the design and have a 
discussion on its operations and any I&C 
logic. 
 
GEH stated that the cross-tie valves close 
on a LOPP or sensed delta flow on the 
RCCWS loop in service.  GEH will 
consider DCD update. 
 
FAPCS cross-tie between trains was not 
discussed in detail and GEH needs to 
provide a discussion related to this design 
feature and when it will be utilized. 
 
GEH will consider DCD update. 

b.4  

Review the supplied documents and drawings for 
header temperature and pressure detectors.  
 
Determine what needs to be included in the DCD. 

 

GEH stated that the supplied P&ID are 
out of date and in some cases, the DCD 
figure is more up-to date (this is a 
configuration control issue).  GEH stated 
that I&C will not be added to the DCD 
figure. 
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DCD drawing or text does not address 
system strainer/filters (strainers are only 
put in for startup since this is a closed 
system) or chemical add tank.  GEH will 
consider DCD update. 
 
Based on the staff’s review of out-dated-
P&ID, what GEH had seems reasonable 
and GEH will consider the discussion of 
the auto starts of the RCCWS in more 
detail.  GEH will consider DCD update. 

b.5  

Review the supplied documents and drawings for 
pump minimum flow recirculation lines. 
 
Determine what needs to be included in the DCD. 

 

GEH stated that the system configuration 
provides minimum-flow; however, the new 
DC valves need to be better described.  
GEH is to provide a response to add 
minimum flow protection.  GEH will 
consider DCD update. 

b. 6  

Review the supplied documents and drawings for 
related to the air system interface for the air-
operated valves.  Review for how train separation 
is maintained and reliability of this air system 
arrangement. 
 
Determine what needs to be included in the DCD. 

 

GEH is to discuss the AOV arrangement 
and the delta flow I&C and logic.  GEH 
will consider DCD update. 

b. 7  

Review the supplied documents and drawings for 
valve failure modes. 
 
Determine what needs to be included in the DCD. 

 

GEH is to discuss the AOV arrangement, 
and state the failure positions.  GEH is to 
also discuss the delta flow I&C and logic 
and failure position for the new DC 
valves.  GEH will consider DCD update. 

b. 8  
Review the supplied documents and drawings for 
provisions to prevent freezing and damage. 

 

Not applicable to RCCWS 

b. 9 
Review the supplied documents and drawings for 
how the water in the service water basin is 
replenished when the discharge. 
 

 
Not applicable to RCCWS 

b.10 

Review the supplied documents and drawings for 
clarification of the water basin. 
Determine what needs to be included in the DCD. 

 

Not applicable to RCCWS 
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b.11 

Review the supplied documents and drawings for 
valves with hard seats. 
 
This maybe an information item for COL 
applicants to identify where such valves will be 
installed to satisfy the specified criteria. 
 
Determine what needs to be included in the DCD. 
 

 

Not applicable to RCCWS 

b.12 

Review the supplied documents and drawings for 
related to the detection of gross leakage and 
related instruments.  
 
Determine what needs to be included in the DCD. 

 

GEH stated that radiation monitors are 
shown in the DCD.  The staff pointed out 
that the DCD only shows one monitor 
downstream of the “A” RWCU HX. GEH 
stated that their plan was to have 
radiation monitors on the suction headers 
to the main RCCWS pumps (missing from 
DCD) (The staff heard that GEH had RAD 
monitors downstream of all RWCU HX 
and on suction headers).  The staff noted 
that the vent system on the RCCW surge 
tanks does not isolate on high radiation.  
GEH is to describe all the design features 
that are available for gross leakage.  GEH 
will consider DCD update.  GEH stated 
that flow mismatch would result in cross-
tie valve closure but admitted that was not 
in the DCD.  It was unclear where the flow 
measurements were taken. 

b.13 

Review the supplied documents and drawings for 
how the PSWS pumps are protected from large 
debris 

 

Not applicable to RCCWS 

b.14 

Review the supplied documents and drawings for 
nominal screen mesh size 

 

Not applicable to RCCWS 

b 15 

Review the supplied documents and drawings for 
high points vents. 
 
Determine what needs to be included in the DCD. 

 

GEH stated that the high point of the 
RCCWS is the surge tank and that the 
drawings will not show other piping high 
points.  GEH is to discuss in their RAI 
response. 
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b.16 

Review the supplied documents and drawings for 
DCD consistence between sections related to 
instruments. 
 
Determine what needs to be included in the DCD. 

 

GEH supplied P&IDs over two years old.  
GEH stated that the DCD will not show 
I&C in the DCD.  GEH is to state their 
position in the revised RAI response.  
GEH stated that all measurements are 
available in the control room.  GEH stated 
that a constant makeup flow would be 
alarmed. 

b.17 

Review the supplied documents and drawings 
related to cooldown alignments.  DCD Tier 2 
Table 9.2-1 needs to indicate which alignment is 
for a 24 hour cooldown and which is for a 36-hour 
cooldown to cold shutdown conditions. 
 
Determine what needs to be included in the DCD. 

 

GEH stated that for a 24 hr cooldown, 
4 RCCWS pumps and 4 HXs are needed.  
With a 36 hour cooldown, 2 RCCW 
pumps and 2 HXs are needed.  GEH is to 
discuss this in their RAI response.  GEH 
will consider DCD update. 

c. 

Review the supplied documents and drawings for 
RCCWS design related to the minimum NPSH for 
the pumps (needs to be satisfied for all postulated 
conditions, including vortex formation 
considerations.)  The system description indicates 
that the surge tanks provide NPSH and maintain 
system pressures above the vapor pressures to 
mitigate voiding.  However, the specific NPSH 
requirements for the RCCWS pumps; the 
minimum water level that is necessary to satisfy 
NPSH requirements and the basis for this 
determination and limiting assumptions that were 
used (e.g., water level, excess margin, maximum 
temperature, maximum flow rate, number of 
pumps operating, vortex effects). 
 
Determine how the COL applicants will know to 
periodically confirm that adequate levels exist. 
 
Determine what needs to be included in the DCD. 

 

GEH stated that the RCCWS surge tank 
design and surge tank level controls 
provide this NPSH.  GEH is to discuss 
this in their RAI response.  GEH will 
consider DCD update.  GEH stated that 
the system would trip on low water level 
in the associated surge tank, but this was 
not described in the DCD.  ITAAC items 
are very vague for all systems discussed. 
 
NRC staff identified a weak point in the 
design. A valve (an unnumbered AOV in 
the Rev 4 DCD P&ID) closes upon LOPP 
and does not allow the RCCWS water to 
proceed from Figure 9.2-2a to 
Figure 9.2-2b.  Of course the pumps stop 
on LOPP so the closure of this valve is 
not of immediate concern.  NRC was told 
at the audit that this valve is now a DC 
valve since the designers were concerned 
that air operation may not be relied upon 
during LOPP. 
 
Upon startup of the standby diesels, the 
RCCWS pump will direct all of the 
RCCWS coolant to the respective diesel.  
Once that flow is established this same 
valve (number F23 on some P&IDs 
provided at the audit) reopens and allows 
cooling of reactor components. 
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This valve is typically never operated and 
remains open during all normal 
operational modes.  It apparently is not 
included in any periodic testing program.  
There are no inspection procedures 
outlined for this valve.  There is no 
requirement that this valve be readily 
accessible for manual operation.  If this 
valve closes upon LOPP and fails to 
reopen, this single failure will disable an 
entire RCCWS train.  However, there 
exists a redundant train.  Failure of this 
valve greatly decreases the redundancy 
in operation of this system which is claims 
to be able to operate with pumps from 
one train feeding heat exchangers from 
another train via cross-ties.  Such 
operation will not be possible if the valve 
is failed closed. 
 
The NRC staff thought that this valve 
requires more review since the failure of 
this single valve renders a significant 
portion of the RCCWS inoperable.  This is 
especially important since it is possible to 
run the plant with one RCCWS train down 
for maintenance (this was verbally 
confirmed at the audit).  In that case 
failure of the valve in the operating train 
will eliminate all RCCWS operations. 
 
GEH said they would consider discussing 
this valve operation in the DCD. 

d.  

Review the supplied documents and drawings 
related to waterhammer.  The RCCWS description
indicates that the potential for waterhammer is 
mitigated through the use of various system 
design and layout features, such as high point 
vents, operating and maintenance procedures. 
 
Determine what needs to be included in the DCD. 

 

GEH is to state that the surge tank design 
and surge tank level controls provide 
waterhammer protection.  (GEH stated 
that there are not fast acting valves that 
might contribute to waterhammer).  GEH 
is to discuss this in their RAI response. 
GEH will consider DCD update. 
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d.1 

Review the supplied documents and drawings for 
the amount of back leakage through the pump 
check valves that is considered to be excessive.  
Review how excessive check valve back leakage 
or system voiding will be prevented from occurring 
over time. 

 

Not applicable to RCCWS 

d. 2 

Review the supplied documents and drawings for 
how proper operation of the automatic air 
release/vacuum valves will be assured over time. 

 

Not applicable to RCCWS 

d. 3 

Review the supplied documents and drawings for 
valve actuation/stroke times.   

 

Not applicable to RCCWS 

d. 4 
Review the supplied documents and drawings for 
related to waterhammer.  Review that the initial 
test program will demonstrate that automatic 
actuation of a standby loop or actuation of both 
loops following a loss of power will not result in a 
significant waterhammer event. 
 
Determine what needs to be included in the DCD. 

 
GEH is to state that the surge tank design 
and surge tank level controls provide 
water hammer protection.  GEH is to 
discuss this in their RAI response related 
to initial testing described in DCD 
Section 14.2.8.1.21. GEH will consider 
DCD update. 
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Table 5:  Regulatory Audit on March 19-20, 2009 of ESBWR Chapter 9 RTNSS/Cold Shutdown 
Systems: Audit Items and Findings/Comments – RCCWS 

 
RAI 9.2-24  Audit items, NICWS Audit finding/comments  NICWS 
a.  

HIGH LEVEL GOAL:  

The staff/reviewer should determine if the system 
is considered highly reliable and no single active 
failure should result in the inability to terminate 
use of passive safety-grade system and achieve 
cold shutdown. 
 
The staff/reviewer will review the GEH 
documentation to determine what additional 
information needs to be added to the DCD. 

 

GEH stated that NICWS has completed 
approximately 0 percent of its design 
review (incomplete). P&IDs where out-
dated.  System size depended upon 
HVAC loads that are not well known and 
are site specific. Thus it is difficult to size 
equipment. 

b.1  

Determine the most limiting conditions upon which 
the NICWS design is based need to be described 
(e.g., shutdown/cooldown with maximum core 
decay heat and maximum allowed spent fuel pool 
heat load, capability to perform plant cooldown 
within specified criteria, single failure and loss of 
power considerations. 
 
 
Determine the amount of excess margins that are 
included in the design to account for uncertainties, 
component wear and aging effects, fouling of heat 
transfer surfaces and spray nozzles, strainer 
debris collection, etc., need to be described and 
why the specified margins are considered to be 
adequate need to be explained. 
 
Determine the specific values or ranges of values 
chosen as the bounding conditions for the design 
need to be specified and explained (e.g., limiting 
temperatures) both the specified design and 
minimum required capability of heat exchangers, 
and pumps based on excess margin 
considerations. 
 
Note that COL information items and interface 
requirements should be established as 
appropriate. 
 
 
 
 
 

 

GEH stated that the total known loads at 
this time are 65 MBTU/hr.  The design is 
not completed. 
 
 
 
 
 
 
GEH states that there was excess margin 
(~10 percent) in their design calculation.  
GEH will clarify this in the revised RAI 
response to the approximate value.  GEH 
stated that the non RTNSS loads can be 
isolated from the RTNSS “C” loads.  The 
RTNNS “C” loads (coil units) were not 
well described and are: 

• EDG rooms 
• Electrical rooms 
• RCCWS rooms 
• NCWS rooms 
• Control rooms 
• Reactor building area 
• Fuel handling area 

 
GEH is to provide a discussion in the RAI 
response related to cooling coils related 
to RTNNS. 
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RAI 9.2-24  Audit items, NICWS Audit finding/comments  NICWS 
 
Determine what needs to be included in the DCD. 
 

 
Bounding conditions are based on DCD 
Table 2.0.1 for wet and dry bulb 
(1 percent exceeding of 100oF dry and 
82oF wet) and single train failure.  GEH is 
to also review the following and provide 
clarification in the revised RAI response. 
 
GEH is to provide necessary DCD text 
and drawing mark-ups in order for the 
staff to close out this item.  GEH will 
consider DCD update. . 

b.2  

Review the supplied documents and drawings for 
nominal pipe sizes and flow rates through 
individual coolers.   
 
Determine what needs to be included in the DCD. 

 

The staff determined that the DCD 
drawings were not correct in showing the 
ASME class breaks for containment 
isolation.  GEH stated that the design of 
the NICSW is not far enough along to 
provide this information to the staff. 
 
GEH is to discuss this in their RAI 
response and indicate maximum piping 
velocities and may reference the GEH 
project design manual.  GEH will consider 
DCD update. 

b.3  

Review the supplied documents for train 
designations for cross-connect valves. 
 
Determine what needs to be included in the DCD. 

 

GEH stated that the P&ID is out of date; a 
return line was missing on one drawing.  
GEH is to discuss and will consider DCD 
update to address cross-connect valves.  
Cross-tie valves near the load were not 
shown.  A single header simplifies the 
system and adds flexibility.  However, it 
does allow a single failure to bring down 
A & B trains. 
 
GEH also stated that the cross-connect 
valves between BOPCWS and NICWS 
are normally closed, and opened for 
maintenance flexibility. GEH is to discuss 
and will consider DCD update to address 
cross-connect valves. 
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b.4  

Review the supplied documents and drawings for 
header temperature and pressure detectors.  
 
Determine what needs to be included in the DCD. 

 

GEH stated that the P&ID is out of date. 
GEH is to discuss and will consider DCD 
update to address cross-connect valves.  
GEH may provide a DCD mark-up 
drawing showing I&C components. 

b.5  

Review the supplied documents and drawings for 
pump minimum flow recirculation lines. 
 
Determine what needs to be included in the DCD. 

 

GEH stated that the P&ID is out of date.  
GEH is to discuss and will consider DCD 
update to address pump minimum flow 
consideration.  The staff’s understanding 
of the system was that it had a load 
control feature that could act as a 
minimum flow item. 

b. 6  

Review the supplied documents and drawings for 
related to the air system interface for the air-
operated valves.  Review for how train separation 
is maintained and reliability of this air system 
arrangement. 
 
Determine what needs to be included in the DCD. 

 

GEH stated that the P&ID is out of date.  
GEH is to discuss and will consider DCD 
update to AOVs.  

b. 7  

Review the supplied documents and drawings for 
valve failure modes. 
 
Determine what needs to be included in the DCD. 

 

GEH stated that the P&ID is out of date.  
GEH is to discuss valve failure modes 
and will consider DCD update.  

b. 8  

Review the supplied documents and drawings for 
provisions to prevent freezing and damage. 

 

Not applicable to NICWS 

b. 9 

Review the supplied documents and drawings for 
how the water in the service water basin. 

 

Not applicable to NICWS 
 

b.10 

Review the supplied documents and drawings for 
clarification of the water basin. 

 

Not applicable to NICWS 

b.11 

Review the supplied documents and drawings for 
valves with hard seats. . 

 

Not applicable to NICWS 

b.12 

Review the supplied documents and drawings for 
related to the detection of gross leakage and 
related instruments.  
 

 

GEH stated that the P&ID is out of date, 
flow measuring locations are not 
provided.  GEH is to discuss gross 
leakage and related instruments and will 
consider DCD update. 
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b.13 

Review the supplied documents and drawings for 
how the NICWS pumps are protected from large 
debris that can end up in the service water basin. 
 
Determine what needs to be included in the DCD. 

 

Not applicable to NICWS 

b.14 

Review the supplied documents and drawings for 
nominal screen mesh size. 

 

Not applicable to NICWS 

b 15 

Review the supplied documents and drawings for 
high points vents. 
 
Determine what needs to be included in the DCD. 

 

GEH stated that the system 3 surge tanks 
are at the high point of the system.  GEH 
is to discuss high point vents and will 
consider DCD update. 

b.16 

Review the supplied documents and drawings for 
DCD consistence between sections related to 
instruments. 
 
Determine what needs to be included in the DCD. 

 

GEH is to discuss I&C consistencies and 
will consider DCD update.  The I&C items 
may be located on typical drawings. 

b.17 

Review the supplied documents and drawings 
related to cooldown alignments.  DCD Tier 2 
Table 9.2-1 needs to indicate which alignment is 
for a 24 hour cooldown and which is for a 36 hour 
cooldown to cold shutdown conditions. 
 
Determine what needs to be included in the DCD. 

 

At the audit, all parties agreed this is not 
applicable to NICWS. 

c. 

Review the supplied documents and drawings for 
NICWS design related to the minimum NPSH for 
the NICWS pumps (needs to be satisfied for all 
postulated conditions, including vortex formation 
considerations.)  The system description indicates 
that the NICWS pumps have sufficient available 
NPSH due to the surge tank.  However, the 
specific NPSH requirements for the NICWS 
pumps; the minimum required water level that is 
necessary to satisfy NPSH requirements and the 
basis for this determination and limiting 
assumptions that were used (e.g., water level, 
maximum temperature, maximum flow rate, 
number of pumps operating, vortex effects). 
 
Determine how the COL applicants will know to 
periodically confirm that adequate levels exist. 
 
Determine what needs to be included in the DCD. 

 

GEH is to discuss related NPSH 
requirements and will consider DCD 
update (maybe already incorporated in 
Rev 5). 
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d.1 

Review the supplied documents and drawings for 
the amount of back leakage through the pump 
check valves 

 

Not applicable to NICWS 

d. 2 

Review the supplied documents and drawings for 
how proper operation of the automatic air 
release/vacuum valves.  

 

Not applicable to NICWS 

d. 3 

Review the supplied documents and drawings for 
valve actuation/stroke times.   

 

 Not applicable to NICWS 

d. 4 

Review the supplied documents and drawings for 
related to waterhammer.  Review that the initial 
test program will demonstrate that any startup of 
the standby loop or actuation following a loss of 
power will not result in a significant waterhammer 
event. 
 
Determine what needs to be included in the DCD. 

 

GEH is to discuss related waterhammer 
initial testing and will consider DCD 
update. 
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