’ HlTACHI ‘ ‘ . GE Hitachi Nuclear Energy

Richard E. Kingston
Vice President, ESBWR Licensing

al . PO Box 780 M/C A-55
. Wilmington, NC 28402-0780
USA

T 910675 6192
F 910 362 6192
rick.kingston@ge.com

MFN 08-736 Docket No. 52-010

October 9, 2008

U.S. Nuclear Regulatory Commission
Document Control Desk
Washington, D.C. 20555-0001

Subject: Response to Portion of NRC Request for Additional
: Information Letter No. 228 - Related to ESBWR Design
Certification Application — Design of Structures, Components,
Equipment, and Systems - RAI Numbers 3.11-30, 3.11-31,

3.11-33, 3.11-35, and 3.11-38

The purpose of this letter is to submit the GE Hitachi Nuclear Energy (GEH)
response to a portion of the U.S. Nuclear Regulatory Commission Request for
Additional Information (RAI) sent by NRC Letter 228 (Reference 1). The GEH
response to RAlI Numbers 3.11-30, 3.11-31, 3.11-33, 3.11-35, and 3.11-38 are
addressed in Enclosure 1.

If you have any questions about the information provided here, please contact
me. ' ' : :

Sincerely,

Richard E. Kingston
Vice President, ESBWR Licensing
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Reference:

1. MFN 08-623, Letter from the U.S. Nuclear Regulatory Commission to
Robert E. Brown, Request for Additional Information Letter No. 228,

Related To ESBWR Design Cetrtification Application, dated August 6,
2008

Enclosure:

1. Response to Portion of NRC Request for Additional Information Letter No.
228, Related to ESBWR Design Certification Application — Design of
Structures, Components, Equipment, and Systems — RAI Numbers
3.11-30, 3.11-31, 3.11-33, 3.11-35, and 3.11-38 '

cc:. AE Cubbage USNRC (with enclosure) ,
RE Brown GEH/Wilmington (with enclosure)
DH Hinds GEH/Wilmington (with enclosure)
eDRF 0000-0091-6849



Enclosure 1

MFN 08-736

Response to Portion of NRCV Request for
Additional Information Letter No. 228
Related to ESBWR Design Certification Application
Design of Structures, Components, Equipmeht, 'land‘ Syvs'tems

RAI Numbers 3.11-30, 3.11-31, 3.11-33, 3.11-35; and 3.11-38
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NRC RAIl 3.11-30

NRC Summary:
Revise the note to clarify the statement.

NRC Full Text:

On Page 3.11-2, revise the note following the title description of IEEE-323-2003 to read,
“Applies only to electrical equipment in the mild environment” instead of “This version
applies unless otherwise indicated.” ‘

GEH Response

- Agree. The note following the IEEE-323-2003 will be modified to clearly indicate that
this version only applies to electrical equipment in a mild environment.

DCD Impact

DCD Tier 2, Subsection 3.11.1.1(2)a will be revised as noted in the attached markup. '
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. 26A6642AK Rev. 06 :
ESBWR . Desggn Control Document/Tier 2

equipment located in areas characterized as mild environments, also meet RG 1.209, “Guidelines
for Environmental Qualification of Safety-Related Compuster-based Instrumentation and Control
Systems in Nuclear Power Plntg” (Refemnce.‘i 11-4), and type testing is the preferred method
of qualification.

Mild environments do not experience a loss-ofcoolnt-accident (LOCA), high energy line break
(HELB), or main stexmline break (MSLB) and have the environmental limits shown in
Table 3H-13.

Equipment supporting RTNSS functions located inside containment are included in the
equipment qualification program, and are qualified using the appropriaste methods for their
location. The remainder of the RTNSS equipment i qualified as outlined in Section 19A.
Table 3.11-1 includes RTNSS equipment located inside containment.[TDS34]

The equipment in the EQ program is referred 1o as EQ equipment. [TD535]

JIL1T Applicable Regulatons and Standards

The environmental qualification of electrical and mechanical eqmpmcm meets the relevant
requirements of the following regulations: ”

(1) Code Federal Regulations (CFR):.
a. 10 CFR 50, Appendix A, General Design Criterion 1, “Quality Standards and Records.”
b. 10CFR 50, Appendix A, General Design Criterion 2, “Design Bases for Protection
Against Natural Phenomena.” _
¢. 10CFR 50, Appendix A, General Design Criterion 4, “Environmental and Dynamic
Effects Design Bases.”
d. 10 CFR 50, Appendix A, General Design Criterion 23, “Protection System Failure
Modes.” ,
e. 10 CFR 50. 49 “Environmental Qualification of Electric Equipment Important to Safety
for Nuclear Power Plants.”
f. 10 CFR 50, Appendix B, “Quality’ Assurance Criteria for Nuclear Power Plants :md
Fuel Reprooessing Plants,” Section I, “Design Control,” Section X1, “Test Control,”
and Section XVII, “Quality Assurance Records™
(2) Institute of Electrical and Electronic Engineers (IEEE):

a TEEE-323-2003, “Standard for letfymg Class 1E Eqmpmem for Nu:clenr Power
Gemramg Stations.™ Note: This 3 - unle pdicatedA

b. TEEE-317-1983 (R2003), “Standard for Electrical Penetration As;qemblieq in.
Containment Structures for Nuclear Power Generating Stations.™

c. TEEE-353-2003, “Standard for Qunhfymg Class 1E Electric Cable and Field Splices for
Nuclear Power CGenerating Stations.™

d. TEEE-420-2001, “Standard for the Design and Quahf icotion of Class 1E Oomrol
Boards, Panels and Racks Used in Nuclear Power Generating Stations™.

3112
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NRC RAI 3.11-31

NRC Summary:

Revise the statement for equipment qualification program.

NRC Full Text:

On Page 3.11-11, the statement, “The ESBWR equipment qualification program meets
the requirements of RG 1.89 for safety-related electrical equipment in harsh
environment” should be modified to read as “The ESBWR equipment qualification
program meets the guidance of RG 1.89 for electric equipment important to safety.”

GEH Response

GEH will revise the statement to read, “The ESBWR equipment qualification program
meets the guidance of RG 1.89, “Environmental Qualification of Certain Electric
Equipment Important to Safety for Nuclear Power Plants.”™

DCD Impact

DCD Tier 2, Subsection 3.11.4.1 will be revised as noted in the attached markup.
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EQ safety-related mechanical equipment qualified by analysis is consistent with ASME B&PV
Code Section II-2001, *Rules for Construction of Nuclear Power Plant Components.™

Active EQ safety-related mechanical equipment s qualified by the qualification methods of
{EEE 323,

EQ equipment located in harsh environments tnay be qualified by combinations of type test,
. operating experience, and analysis. For example, if a type test of a complete assembly is not
pm;sible, mmpmmem testing supplemented by analysis may be used. '

lectricalaqui i : iraamants. RG |,89 endomes IEEE 323~I974 EQ eqmpcmem
15 qlmhleed usmg ﬂ'ue thﬁcatmtn methods of IEEE 323-1974.

The effects of chemical spray must be addressed. Containment spray, emergency core cooling
initiation, and recirculation system operation are inchuded in the qualification tests. The ESBWR
SLCS injects borated water into the Reactor Pressure Vessel (RPV) during DBA LOCA.
Containment spray is not caustic; therefore the effect of the demineralized water spray is
included in the equipment qualification.

The equipment qualification program includes safety-related mechanical equipment, in harsh
environment areas and veriftes that they are designed to be compatible with postulated
environmental conditions; inchuding those associated with LOCA. Active safety-related
mechanical equipment is gualified using test, analysis, or a combination of test and analysis.

In some instances, mechanical equipment loading under normal service is more severe than
loading under DBA. The loading under normal service is documented with test and/or analysis.
The loading and capability under DBA conditions is analyzed in the equipment qualification
proocess to establish the suitability of materials, parts, and equipment needed for safety-related
functions, and to verify that the design of such materials, parts, and equipment & adequate, The
qualification of mechanical equipment includes materials that are sensitive to environmental
effects (e.g., seals, gaskets, Tubricants, Auids for hydraulic systems, and diaphragms), required
operating time, non-metallic suhoomponents of such equipment; the environmental conditions
and process parameters for which this equipment must be qualified; non-metallic material.
capabilities; and the evaluation of mvmnmmml effects.

The EQ equipment in a hargh envnmmem has a qualified tife of Wym The quah ﬁed life is
vetified using methods and procedures of qualification and documentation as stated in IEEE~323
and as addressed herein.

3.11.4.2 Mild Environment Qualificadion
EQ safety-related equipment located in a mild environment is qualified as follows:

To assure EQ safety-related equipment located in a mild environment meets its safety-related
functional requirements during normal environmental conditions and AQQOs, the environmental
design basis for normal environmental conditions and AQQ requirements is specified in the
designfpurchase specifications. A qualified life is not required for equipment located in a mild
environment that has no significant aging mechanisms.

3.11-12
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NRC RAI 3.11-33

NRC Summary:

In Table 3.11-1, identify the mild enwronment equ:pment either by Section 3.11.4.2 or
Section 3.11.4. 3

NRC Full Text:

On Page 3.11-12, Section 3.11.4.2 describes safety-related equipment in a mild
environment and Section 3.11.4.3 describes computer-based I1&C systems in a mild
environment. Since computer-based I&C systems present unique characteristics that
must be considered in the qualification process as described in Regulatory Guide 1.209,
it is recommended that the equipment listed in Table 3.11-1 that are located in the mild
environment be designated as 'Mild Environment Qualification’' or 'Computer-Based 1&C
Systems' as defined in Sections 3.11.4.2 and 3.11.4.3, respectively.

GEH Response

Agree. Table 3.11-1 will be revised to include a category for “Computer-Based 1&C
Systems”, as defined in Subsection 3.11.4.3. This will provide three distinct categories
of equipment — Mechanical, Electrical, and Computer-Based 1&C. Table 3.11-1 includes
a designation for harsh environment, and Note 4 of Table 3.11-1 states that omission of .
a designation for harsh, indicates mild enwronment A distinct category for .“Mild
Environment” is not necessary.

DCD Impact

DCD Tier 2, Table 3.11-1 will be revised as noted in the attached markup.
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Table 3.11-1
Electrical and Mechanical Equipment for Environmental Qualification

» Required ,
, Location  Function  Qperation Qualification
Components Quantlty ", te1)  (note2) Time  Lrogram
: : ’ ‘ {note 3) {note 4)

Electrical Modules and Al CV,RB  ESF T2 e EH
Cable §
C21 Leak Detection and 1solation System

Pressure Transmiiters Al CVéBRB’ ESF 100 Days EH
Temperature Sensors All Cvc*,BRB' ESF 100 Days EH
Electrical Modules and CV,RB, '

Cable All CB ESF 100 Days EH

CS1 Neutron Monitoring Syétem

Detector and Tube -y

A bly 81 Ccv ESF T2hr MH
Electrical Modules and CV,RB,

Cable All CB ESF 100 Days EH
61 Remote Shutdown Pand
Electrical Panels, Modules " -
and Cable : All RB ESF 100 Days CE |
C63 Safety-Related DCIS
Electrical Modulesand -~ 4y gy cB ° ESF  100Days | CE |
Cable . .
CT1 Reactor Protection System
Electrical Modules and | All CB,RB ESF 100 Days EH
Cable

C74 Safety System Logic and Contral

Cable

C41 Standby Liquid Control System _

RPV Isolation Valve 2 cv PB T2he = MH

3.11-18



MFN 08-736 Page 7 of 13
Enclosure 1 B
26A6642AK Rev. 05 ’
ESBWR Desgn Coutrol Document/Tier 2
Table 3.11-1
* Electrical and Mechanical Equipment for Environmental Qualification
Required
Components Quanti Location  Function  Operation Q;x:iiﬂcr::;nn
ponen Y (note1)  (note2) Time (n‘;i Py
{note 3) ' |

CIV - Process Sampling e v
Line -Outboard 2 RB PB/PAMS 100 Days MH
CIV - Process Sampling :
Line -Int 10 o 2 cv PR/PAMS 100 Days EH
CIV - Process Sampling . _
Line -Outboard Operatot 2 RB PB/PAMS 100 Days EH
Return Line Shutoff Valve RB 1SOL  72he MH
Check Valve to Feadwater RB 1ISOL T2 he MH
Mid-vessel Flow .
Instrumentation 2 cv ISOL 100 Days EH
Mid-vessel Temperature ' , -
Instrumentation 4 Ccv 1SOL 100 Days | EH
Bottom Drain Flow ’
Inst tation | 2 | Ccv ISOL 100 Days EH
Bottom Drain Temperature : ’
Instrmentation 4 cv ISOL 100 Days EH
Return Line Flow : :
Tnst tation 2 RB ISOL 100 Days EH
Return Line Temperature ‘ - : =
Ingtrumentation 4 RB [.SOL 1040 Days EH
Overboard Flow ‘ ,
Instrumentation 2 RB 1SOL 100 Days EH |
Overboard Temperature ' 4 _
Insirumentation 4 RB ISOL 100 Days EH
Electrical Modules and ' ,
Cables Al CV.RB ESF | 100 Days ‘EH
H11l Main Control Room Panels _
Panels, Modules and Cables  All CB ESF 100 Days CB

3.11-22
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, Tabile 3.11-1 o
Electrical and Mechanical Equipment for Environmental Qualification
Cﬁmpdnehjts\ Qunnﬂt;vr Location  Function gpﬂm Ql;:-]f;:go "
T {note 1) {note2) . Time ,
o ’ _ (note3) - {note 4)
Hi2 MCR Back Room Panels : ) ‘ ,
Panels, Moduls and Cable Al ~  CB ESF 100Days | CB |||
H21 Local Panels and Racks . |
Panels, Modules and Cable Al ALL ESF 100Days  EH
3 P10 Makeup Water System ' . |
Tsolation Valves 4 All CV,RB  ISOL T2hr MH
P25 Chilled Water System o - - : e
“ILsolation Valves " 8  CV,RB  ISOL 72t MH
P51 Service Air System ' ‘ ' '
Tsolation Valves 4 CVRB ISOL T2 .. MH
P54 High Pressure Nitrogen Supply System _
Tsolation Valves 4 CV,RB 1SOL 72hr MH.
! RI0 Electrical Power Distribution Sysiem (EPDS)
| Cable and Supports Can CBéBFB’, ESF  100Days EH
RI1 Medium Voltage Distribution System |
,D"'"':: dium V;““ge AL TB ESF 100Days E
R13 Uninterruptible AC Power Supply -
g‘fm‘ Modules and Al CVRBCB ESF 100 Days EH
R16 Direct Current Power Supply | , |
3 Division 250 VDC Batiery 8 RB ESF 100 Days E
. o | Division 250 VDC | - |
. | Normal/Standby Battery 12 RB ESF 10Days  E

31123
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Table 31141
Electrical and Mechanical Equipment for Environmental Qualification
. v Required , . ;
Components Quanti Location  Function = Operation Qgiﬂcagon
Lomponents ty {note 1) {note 2) Time gram
(note 3) {note 4)
Electrical Modules and :
Cable All FB ESF 100 Days EH
Note 1: CV - Containment Vessel
ST - Steam Tunnel -
RB ~ Reactor Building
FB ~ Fuel Building
CB ~ Control Building
- TB = Turbine Building
00~ Qutdoors Onsite ,

Note 2: ESF- Engineered Safeguard Feature

PAMS - Post Accident Monitoring

ISOL ~Isolation

FB = Pressure Boundary
Note 3: The period of time which the equipment must remain available or operational.
Note 4: E —Electrical Equipment Program

M ~ Mechanical Equipment Program

- uter 1&C System Program :
H = Harsh Environment (Omission of H indicates Mild Environment)

327
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NRC RAI 3.11-35

NRC Summary:

Include Mil Std. 461 E and IEC 61000-4 in Section 3.11.1.1, “Applicable Regulations and
Standards”.

NRC Full Text:

| Since EMI qualification follow the requirements defined in Mil Std. 461E and IEC 61000-
4, include Mil Std. 461E and IEC 61000-4 in Section 3.11.1.1, “Applicable Regulations
and Standards” , )

GEH Response

Agree. References to Mil Std. 461E and IEC 61000-4 will be added to Subsectlon
3.11.1.1, “Applicable Regulations and Standards.” :

DCD Impact

DCD Tier 2, Subsection 3.11.1.1 will be revised as noted in the attached markup.
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b. Regulatory Guide 173 “Qualification Tests of Electric Valve Opemtors lmmlled
_ Inside the Containment of Nuclear Power Plants.™

c Regulatory Guide 1.89, “Environmental Qualification of Certain Electric Equipment
Important to Safety for Nuclear Power Plants™

d. Regulatory Guide 1.131, “Qualification Tests of Electric Cables, Field Splices and
Connections for Light-Water-Cooled Nuclear Power Plants.™

e. Repulatory Guide 1.153, “Criteria for Safety Systems.™

f. Regulatory Cuide 1.183, “Alternative Radiological Source Terms for Evaluating
Design Basis Accidents at Nuclear Power Reactor.”

g Regulatory Guide 1.97, "Cmena for Accident Monitoring Instmmentmm for Nuctear
Power Plants.”
_h. Regulatory Guide 1.180, “Guidelirms for Evaluating Electromagnetic and Radio-
Frequency Interference in Safety-Related Instrumentation and Control Systems™
i. Regulatory Guide 1.209, “Guidelines for Environmenial lelir ication of Safety-

Related Computer Bmed Instrumentation and Control Systams in Nuclear Power
Plants.™

J- Regulatory Guide 1.40, “Qualification Tests of Continnous-Duty Motors Installed
Inside the Containment of Water-Cooled Nuclear Power Plants.”

k. Regulatory Guide 1.100, “Seismic Qualification of Electrical imd Mechanical
Equipment for Nuclear Power Plants.”

L Regulatory Guide 1.156, “Envrmnmenml Qualification Connection Assemblies fi:n'

Nuclewr Power Plants,”
m Regulntory Ciuide 1.158, “Qualification of Safetyakehted Lead Storage Batteries for
Nuclear Power Plants.”

5)__Department of Defense (DOD) Mititary Standa STD

31112 General Reguirements

Environmental design and qualification used to implement the relevam requirements of
10 CFR 50.49; General Design Criteria (GDC) 1, 2, 4 and 23; and Qualrty Assurance Criterta 111,
X1, and XVII are as follows: :

(1) The equipment is designed to have the capability of performing its design safety-related
functions under all anticipated operational occurrences (AQQs) and rormal, accident, and
post-accident environments and for the langth of time for which its function is required.

3114
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NRC RAI 3.11-38

" NRC Summary:

Environments for Qualification of Mechanical Equipment.

NRC Full Text:

Subsection 3.11.3.1, “General Requirements,” in Section 3.11.3, “Environmental
Conditions,” in ESBWR DCD (Revision 5) Tier 2 discusses the environments to be
included in the environmental design basis for electrical and mechanical equipment
within the scope of the Environmental Qualification (EQ) program. The additional
discussion of certain environments (such as temperature, pressure, humidity, chemical
effects, and radiation) in Revision 5 to the ESBWR DCD does not address mechanical
equipment. GEH is requested to clarify the consideration of applicable environments for
the qualification of mechanical equipment in the ESBWR.

GEH Response

Agree. GEH will clarify {he consideration of applicablé environments. DCD Tier 2,
Subsection 3.11.3.1 will state that the environments are considered for electrical and
mechanical equipment in the EQ program.

All environments discussed in DCD Tier 2 Subsection 3.11.3 are applicable to all of the
EQ equipment including mechanical equipment in the EQ program. The additional
discussion of certain environments (such as temperature, pressure, humidity, chemical
effects, and radiation) provides additional clarification of environments for only instances.
needing clarification. = Further, only equipment that is specifically subject to certain
environments is discussed within each subsection. As an example, mechanical
equipment is not discussed in mild environments, since there is no mechanical
equipment subject to environmental qualification in a mild environment.

DCD Impact

DCD Tier 2, Subsection 3.11.3.1 will be revised as noted in the attached markup.
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Quatified Life ~ The period of time, prior to the start of a design basis event, for which the

equipment was demonstrated to meet the design requirements for the specified service
- conditions.

Service Conditions - Environmental, loading, power, and signal conditions expectad as a result

of normal operating requirements, expected extremes (abnormal) in operating requirements, and

postulated conditions appropriate for the design basis events of the station.

Significant Aging Mechanism ~ An aging mechanismn that, under normal and abrormal service
conditions, causes degradation of equipment that progressively and appreciably renders the
equipment vulnerable to faihwe to perform its safety-related function(s) during the design basis
event conditions.

3112 Equipment Identification

The equipment qualification progmm gmerates amd maintaing a hst of BQ equipment located in
harsh and mild environments. - The systems containing EQ equipment are identified in
Table 3.11-1. :

The Environmental Qualification Document (EQD) summarizes the qualification resulis for all
"EQ equipment in the equipment qualification program. The EQD is current and in an auditable
form for the entire period during which the covered item is installed or is stored for future use to
permit verification that each item meets the equipment qualification requirements.

3.11.3 Environmental Conditions

LiL31 Gemm! Regqulrements

Environmental Design Bases: Analysis is peﬂ‘otmed to tdentify the eﬂwrmunenm] design bases
including the definition of AQQ and normal, accident, and post-accident environments. . DBA
and AQQ define the temperature and pressure time-dependent mfarmmn for areas subject to
accidents and AQOs

EQ equipment is quatified to the worst-case environmental conditions for the areas in which they
are located for the duration that they are required to perform their safety-related fimction.

The environmental design basis includes the safety.related function for each item of safety-
related equipment and its acceptance criteria; Electromagnetic interferencefradio frequency
interference (EMI/RFI) and Voltage Surges; environmental conditions including temperature,
equipment heating, Heating, Ventilation and Air Conditioning (HVAC) and lack of HVAC,
inside and outside maximum and minimum temperatures, and time dependency of temperatures.
The safety-relited functions are either functional performance requirements or fail-safe
requirements. A fail-safe safety-related: function consists of not failing in a manner detrimental
to plant safety, accident mitigation, or prevention of a safety-related function. The basis for the
safety-related fimetton is incheded in the qualification documentation.

The following provides detailed information on each environment included ih the environmental

design basis._ The environments are sdered for electrical and mechanical

316



