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Document Control Desk 
Washington, D.C. 20555-0001 

 

Subject: Response to Portion of NRC Request for Additional Information 
Letter No. 289 Related to ESBWR Design Certification Application - 
Auxiliary Systems - RAI Number 9.5-71 S01 

The purpose of this letter is to submit the GE Hitachi Nuclear Energy (GEH) response to 
the U.S. Nuclear Regulatory Commission (NRC) Request for Additional Information 
(RAI) sent by NRC Letter 289 dated December 29, 2008, Reference 1.  The original RAI 
response was submitted to the NRC via Reference 2 in response to Reference 3.  GEH 
response to RAI Number 9.5-71 S01 is addressed in Enclosure 1. 
 
If you have any questions or require additional information, please contact me. 
 
Sincerely, 

 
 
 
 

Richard E. Kingston 
Vice President, ESBWR Licensing 
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References: 
 

1. MFN 09-006, Letter from U.S. Nuclear Regulatory Commission to Robert E. 
Brown, Request for Additional Information Letter No. 289 Related to ESBWR 
Design Certification Application, December 29, 2008. 

2. MFN 08-634, Response to Portion of NRC Request for Additional Information 
Letter Number No. 201 Related to ESBWR Design Certification Application - 
Auxiliary Systems - RAI Number 9.5-71, August 13, 2008. 

3. MFN 08-499, Letter from U.S. Nuclear Regulatory Commission to Robert E. 
Brown, Request for Additional Information Letter No. 201 Related to ESBWR 
Design Certification Application, May 28, 2008. 

 
 

Enclosure: 
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Number 9.5-71 S01 
 

 
 

cc: AE Cubbage USNRC (with enclosure) 
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eDRF Section 0000-0096-5747 

 



 
 
 
 
 
 
 
 
 
 

Enclosure 1 

 

MFN 09-181 
 

Response to Portion of NRC Request for 

Additional Information Letter No. 289 

Related to ESBWR Design Certification Application 

Auxiliary Systems 

RAI Number 9.5-71 S01 



MFN 09-181  Page 1 of 4 
Enclosure 1  
 
 
For historical purposes, the original text of RAI 9.5-71 and the GEH 
response is included. 
 
 
NRC RAI 9.5-71 
 
The DCD does not address how the design specifically prevents or mitigates 
spurious actuations. RG 1.189 discusses the need to prevent or mitigate fire-
induced (includes smoke, heat, and ignition) failures of systems, including 
spurious actuations, which could prevent safe shutdown. RG 1.209 notes that 
smoke clearly has the potential to be a significant environmental stressor that 
can result in adverse consequences for advanced digital systems. DCD Tier 2 
Section 9.5.1.10 does identify that fire barrier separation is provided for electrical 
circuits (safety-related and nonsafety-related) whose fire-induced failure could 
cause a spurious actuation that could prevent safe shutdown as is described in 
DCD Tier 2 Section 8.3.1.4.1. However, DCD Tier 2 Section 8.3.1.4.1 does not 
address spurious actuations. Please describe how the ESBWR design ensures 
that the effects of fire, including smoke, will not cause spurious actuations that 
could prevent safe shutdown? The description should include equipment design 
requirements and describe test programs and/or analyses that will provide this 
assurance. 
 
 
GEH Response 
 
While design choices, such as chip packaging and conformal coatings, can 
reduce equipment susceptibility to smoke exposure, no practical repeatable 
testing methodology is available. Therefore, it is not feasible to assess smoke 
susceptibility as part of equipment qualification. As noted in RG 1.209, “The most 
effective approach for addressing smoke susceptibility is to minimize the 
likelihood of smoke exposure by rigorously adhering to the fire protection 
requirements in 10 CFR Part 50.48, “Fire Protection,” or other individual plant 
license commitments.” 
 
The requirements of RG 1.209 are consistent with GEH previous commitment in 
response to RAI 19.1-75 (MFN 07-507, 10/10/07) to provide a balanced design 
approach to mitigate the adverse effects of smoke. Part of this balanced design 
approach involves smoke control. For Fire Zones containing equipment that 
could cause spurious actuations affecting safe shutdown, GEH will provide 
smoke detectors and smoke dampers to minimize smoke migration into these 
areas. As noted in DCD Subsection 9.5.1.12: 
 

Guidance — “In addition, it should be demonstrated that smoke, hot 
gases, or the fire suppressant does not migrate into other fire areas to the  
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extent that safe shutdown capabilities, including operator actions, could be 
adversely affected.” 
 
Conformance — The ESBWR fire protection design satisfies this guidance 
with a combination of fire dampers and other barriers, smoke evacuation 
capabilities, and minimal required operator actions. Details are provided in 
the fire hazards analysis in Appendix 9A. 

 
In addition to preventing smoke migration, the ESBWR is designed to prevent 
spurious actuation induced by smoke. The ESBWR Distributed Control and 
Information System (DCIS) is located in four general areas of the plant; 1) The 
main control room where all four divisions may be found in a common fire zone, 
2) four safety-related DCIS (QDCIS) rooms - one per division, 3) two nonsafety-
related DCIS (N-DCIS) rooms that correspond to plant investment protection 
(PIP) A and (PIP) B DCIS trains and 4) remote multiplexing unit (RMU) 
equipment locations throughout the plant (such as the Reactor Building, Control 
Building, Fuel Building, etc). 
 
The main control room consoles are connected to the equipment in the safety-
related or nonsafety-related DCIS rooms via optical fiber; the DCIS equipment 
rooms are in separate fire zones from each other and from the main control 
room. The VDUs require that at least two distinct operator actions be performed 
for any actuation to satisfy GEH human factors requirements. Additionally each 
of the messages associated with those two operator actions are authenticated by 
sending/receiving addresses, and (for safety related and DPS communications) 
sequence numbering, cyclic redundancy checks and, hash functions. At least two 
distinct actions are required to be performed for any actuation. It is essentially 
impossible for a smoke or fire impaired VDU or its controller to inadvertently emit 
the required commands/authentication once and then again representing the 
operator actions. 
 
There are also hard wires between the MCR/RSS and actuation equipment that 
represent "fail safe" functions like reactor scram and turbine trip. Inadvertent 
actuation of these functions will not prevent a safe shutdown. 
 
The two nonsafety-related DCIS equipment rooms and four safety-related DCIS 
rooms are in separate fire zones and single fires can only affect one division or 
PIP train at a time. The communication between the controllers in these rooms 
and their RMUs is protected such that neither fires nor smoke will cause 
inadvertent triggering of 2/4 logic or cause competent inadvertent commands to 
be sent (nor would it affect the "intelligence" in the remote equipment). A single 
fire in these areas is not expected to cause inadvertent actuations affecting a 
safe shutdown. 
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Finally, the RMUs in the field contain the logic/"intelligence" that responds to the 
controllers and operates the switches. The MSIV and RPS load drivers open 
circuits to actuate; these are fail-safe in that inadvertent actuation causes safe 
shutdown. The switches that operate the various ECCS solenoids or squib 
igniters are either a series circuit of two (solenoid) or three (squib) switches; the 
switches (even within the same division) are located in separate cabinets that are 
in separate fire zones. A single fire could only affect one of the cabinets and 
therefore could not "hot short" and cause an inadvertent actuation. The 
logic/"intelligence" in the switches will not close the output contacts on either the 
loss of communication or incompetent communication from the DCIS equipment 
room controllers. 
 
The communication and authentication functionality described above will 
represent DCIS requirements that will be developed, validated and tested per the 
previously submitted software plans (NEDO-33245, ESBWR Software Quality 
Assurance Plan Manual, Class I (Non-proprietary) & “ESBWR Software Quality 
Assurance Plan Manual,” NEDE-33245P, Class III (Proprietary), Revision 3, July 
2008 (MFN 08-256, 7/11/08) and “ESBWR - Software Management Program 
Manual,” NEDO-33226, Class I (Non-proprietary) & “ESBWR - Software 
Management Program Manual,” NEDE-33226P, Class III (Proprietary), Revision 
3, June 2008) (MFN 08-269, 7/10/08) for safety-related and nonsafety-related 
software. 
 
Software testing of DCIS equipment is in accordance with DCD Tier 1 Revision 5 
Table 3.2-1, ITAAC For Software Development. Safety-related DCIS (Q-DCIS) 
systems and functions are listed in DCD Tier 1 Revision 5 Table 2.2.10-1. 
Nonsafety-related DCIS (N-DCIS) systems and functions are listed in DCD Tier 1 
Revision 5 Table 2.2.11-1. 
 
DCD Tier 1 Revision 5, Table 2.16.3-1, ITAAC for Fire Barriers, Item 1 provides 
ITAAC for fire barriers that separate electrical circuits (safety-related and 
nonsafety-related) whose fire-induced failure could cause a spurious actuation 
that could adversely affect a safe shutdown function. 
 
DCD Tier 1 Revision 5, Table 2.16.3-2, ITAAC for Fire Protection System, Item 6 
provides ITAAC for smoke detectors installed in areas containing safety-related 
equipment. 
 
 
DCD Impact 
 
No change to the DCD is required.
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NRC RAI 9.5-71 S01 
 
In consideration of the response to RAI 9.5-71, the staff requests that due to the 
potential hazards associated with spurious actuations; the lack of definitive test 
data on the potential for smoke to cause spurious actuations in digital systems; 
and the limited application of digital instrumentation and control systems in 
existing US nuclear plants, the arguments put forth by GEH in the response to 
this RAI should be incorporated in the text of the DCD. For example, the RAI 
response identifies multiple design features to prevent spurious actuations, 
however, these design features are not described in the DCD. 
 
 
GEH Response 
 
DCD Tier 2, Subsection 9.5.1.10 is being revised in Revision 6 to include the 
multiple design features to prevent spurious actuations. 
 
 
DCD Impact 
 
DCD Tier 2, Subsection 9.5.1.10 is being revised in Revision 6 as shown in the 
attached markup. 
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Manual fire alarm stations (pull box stations) are provided at the normal exit paths or every 61 
meters (200 feet), whichever is less, throughout normally occupied buildings.  Manual fire alarm 
stations (pull box stations) are provided at normal exit paths only for normally unoccupied 
buildings.  Visible fire notification is provided in manned office areas such as in the Control 
Building and the Service Building. 

9.5.1.10  Fire Barriers 
Fire barriers of 3-hour fire resistance rating are provided separating: 

• Safety-related systems from any potential fires in nonsafety-related areas that could affect 
the ability of safety-related systems to perform their safety function; 

• Redundant divisions or trains of safety-related systems from each other to prevent 
damage that could adversely affect a safe shutdown function from a single fire; 

• Components within a single safety-related electrical division that present a fire hazard to 
components in another safety-related division; and 

• Electrical circuits (safety-related and nonsafety-related) whose fire-induced failure could 
cause a spurious actuation that could adversely affect a safe shutdown function. 

Penetrations through fire barriers are sealed or closed to provide fire resistance ratings at least 
equal to that of the barrier.  Only noncombustible materials qualified per ASTM E-119 are used 
for construction of fire barriers.  Fire dampers protect ventilation duct openings in fire barriers as 
required by NFPA 90A. 

Fire barrier separation of electrical circuits (safety-related and nonsafety-related) whose fire–
induced failure could cause a spurious actuation that could prevent safe shutdown per NRC 
Regulatory Guides 1.75 and 1.189, GDC 17 and 18, and IEEE Standard 384 is described in detail 
in DCD Tier 2 Subsection 8.3.1.4.1.   

Design features that prevent or mitigate spurious actuations include: 

• The ESBWR Distributed Control and Information System (DCIS) is located in four 
general areas of the plant; 1) The main control room where all four divisions may be 
found in a common fire zone, 2) four safety-related DCIS (QDCIS) rooms - one per 
division, 3) two nonsafety-related DCIS (N-DCIS) rooms that correspond to plant 
investment protection (PIP) A and (PIP) B DCIS trains and 4) remote multiplexing unit 
(RMU) equipment locations throughout the plant (such as the Reactor Building, Control 
Building, Fuel Building, etc). 

• The main control room consoles are connected to the equipment in the safety-related or 
nonsafety-related DCIS rooms via optical fiber; the DCIS equipment rooms are in 
separate fire zones from each other and from the main control room. The VDUs require 
that at least two distinct operator actions be performed for any actuation to satisfy GEH 
human factors requirements. Additionally each of the messages associated with those two 
operator actions are authenticated by sending/receiving addresses, and (for safety related 
and DPS communications) sequence numbering, cyclic redundancy checks and, hash 
functions. At least two distinct actions are required to be performed for any actuation. It 
is essentially impossible for a smoke or fire impaired VDU or its controller to 

NEV81408
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inadvertently emit the required commands/authentication once and then again 
representing the operator actions. 

• There are also hard wires between the MCR/RSS and actuation equipment that represent 
"fail safe" functions like reactor scram and turbine trip. Inadvertent actuation of these 
functions will not prevent a safe shutdown. 

• The two nonsafety-related DCIS equipment rooms and four safety-related DCIS rooms 
are in separate fire zones and single fires can only affect one division or PIP train at a 
time. The communication between the controllers in these rooms and their RMUs is 
protected such that neither fires nor smoke will cause inadvertent triggering of 2/4 logic 
or cause competent inadvertent commands to be sent (nor would it affect the 
"intelligence" in the remote equipment). A single fire in these areas is not expected to 
cause inadvertent actuations affecting a safe shutdown. 

• Finally, the RMUs in the field contain the logic/"intelligence" that responds to the 
controllers and operates the switches. The MSIV and RPS load drivers open circuits to 
actuate; these are fail-safe in that inadvertent actuation causes safe shutdown. The 
switches that operate the various ECCS solenoids or squib igniters are either a series 
circuit of two (solenoid) or three (squib) switches; the switches (even within the same 
division) are located in separate cabinets that are in separate fire zones. A single fire 
could only affect one of the cabinets and therefore could not "hot short" and cause an 
inadvertent actuation. The logic/"intelligence" in the switches will not close the output 
contacts on either the loss of communication or incompetent communication from the 
DCIS equipment room controllers. 

The COL applicant shall provide specific design and certification testing details for fire barriers 
and electrical raceway fire barrier systems in accordance with applicable sections of NFPA 251, 
ASTM E-119 and guidance in Regulatory Guide 1.189 (COL 9.5.1-5-A). 

9.5.1.11  Building Ventilation 
Fire protection/smoke control provisions for ventilation for the various building areas are 
designed as follows: 

Safe egress and safe smoke refuge areas during a fire incident are provided in accordance with 
NFPA 92A guidelines for building occupants and the fire brigade. The Turbine, Electrical, 
Reactor, Fuel, Radwaste and Control Buildings are provided with pressurized stairwells, in 
accordance with International Building Code (IBC) 2003 edition, section 1019.1.8 which 
requires pressurized stairwells where stairwells serve floors 22.9 m (75 ft.) or more above the 
lowest level of fire department vehicle access (grade level) or more than 9.1 m (30 ft.) below the 
level of exit discharge.  Per these IBC requirements, pressurized stairwells are not required for 
the Service Building.  NFPA 101 guidelines are utilized for the design and labeling of safe egress 
routes.   

Smoke removal meets NFPA 804 with exception to NFPA 804 Sections 8.4.3 (3) and 8.4.3.2.  
Automatic sprinkler protection is provided for the high density cable tunnels, fuel oil tank rooms, 
diesel-generator rooms and a significant portion of the Turbine Building to limit heat and smoke 
generation.  The COL Holder will establish provisions for manual smoke control by manual 

NEV81408
Rectangle



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 450
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for compliance with 10CFRi, Appendix A. Created PDF documents can be opened with Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice




