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U.S. Nuclear Regulatory Commission/National Nuclear Safety Administration 
Responses to NNSA Questions/NRC Questions  

November 3 - 4, 2014 
  

At the November 3 - 4, 2014, Bilateral Workshop at the U.S. Nuclear Regulatory Commission 
(NRC) Headquarters in Rockville, Maryland, the Chinese National Nuclear Safety Administration 
(NNSA) requested the NRC to provide feedback on the following questions. 
 
2.4 Power Spectral Density (PSD) requirements in equipment and component 

qualification 
 
1) Are there any PSD checking requirements when active mechanical component 

seismic qualification tests are done in the US?  For the present practices, how the 
adequate frequency contents are ensured in doing active component seismic 
qualification using single time history method? 
 
NRC Response: 
There are no specific PSD checking requirements when active mechanical component 
seismic qualification tests are done in the United States.  In the present practice, each 
individual testing laboratory checks that the test has adequate frequency content before 
testing.  Institute of Electrical and Electronics Engineers (IEEE) Standard 344-2004 (as 
endorsed by Regulatory Guide (RG) 1.100, “Seismic Qualification of Electrical and 
Active Mechanical Equipment and Functional Qualification of Active Mechanical 
Equipment for Nuclear Power Plants) states that the following techniques may be used 
to show that the frequency content is adequate: 
 
a) The enveloping of the required response spectra (RRS) by the test response 

spectra (TRS) is obtained with similar spectrum shapes so that similar 
amplifications result at significant spectrum peaks in the amplified regions of the 
spectra. 

b) The frequency content of the Fourier transform of the test waveform is 
compatible with the amplified region of the RRS. 

c) The frequency content of the PSD of the test wave form is compatible with the 
amplified portion of the RRS. 

 
2) If American Society of Mechanical Engineers (ASME) QME-1-2007 is followed in 

doing seismic tests, how is the required minimum PSD determined? 
 
NRC Response: 
ASME QME-1-2007 (QR-A5630) mentions the PSD checking requirements, but there is 
no specific formula for checking that the specific target PSD function is compatible with 
the design floor response spectra. 

 
3) RG 1.100 Revision 3 endorsed ASME QME-1-2007 and IEEE 344-2004, but there are 

no requirements on required on minimum PSD. Does NRC think it necessary to 
prescribe an target PSD for frequency content checking when single time history 
are used equipment or component seismic qualification? 
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NRC Response: 
No, the NRC has not made such a requirement, as it is difficult to prescribe a target PSD 
function for various floor response spectra. 

 
6.4 Issue of Long-term Cooling of Containment 
 
1） Regarding the issue of long-term cooling in Design Basic Accidents (DBA), should 

the reliable provisions be considered in the design in order to bring the reactor to 
the state of controlled stabilization? 

 
 NRC Response:  
 Final Safety Analysis Report (FSAR) Section 6.2.2 states, in part that:  
 

The passive containment cooling water storage tank provides water for containment 
wetting for at least 72 hours following system actuation.  Operator action can be taken to 
replenish this water supply from the passive containment cooling ancillary water storage 
tank or to provide an alternate water source directly to the containment shell through an 
installed safety-related seismic piping connection.  In addition, water sources used for 
normal filling operations can be used to replenish the water supply…[via a]n installed 
long term makeup connection for the passive containment cooling system and the spent 
fuel pool is provided as a part of the passive containment cooling system. 

 
The AP1000 uses safety related components to cool containment for the first 72 hours, 
and then uses Seismic Category II, wind and missile protected components for resupply 
out to 7 days.  Further cooling can be achieved through the installed fire system or 
portable equipment attached to one of two supply locations. 

 
2)  How to assure the reliability and usability of the provisions in the regulation? 
 

NRC Response: 
Reliability of the safety related systems, structures, and components is achieved through 
adherence to the surveillances and testing in the technical specifications, which 
demonstrate that the valves achieve the correct position on a demand signal and that 
the water and air flow paths are consistent with the accident analyses and are not 
obstructed.  The reliability of the systems used for longer term cooling, accomplished via 
a combination of safety related systems, risk significant non-safety related systems, and 
portable on site equipment is ensured through importance placed on systems classified 
as regulatory treatment of non-safety systems provisions and defense in depth in 
addition to adherence with the technical specifications. 
 
Also discussed are Short-Term Availability Controls (STAC) - The importance of 
nonsafety-related systems, structures and components in the AP1000 has been 
evaluated. The evaluation uses PRA insights to identify systems, structures and 
components that are important in protecting the utilities investment and for preventing 
and mitigating severe accidents. To provide reasonable assurance that these systems, 
structures and components are operable during anticipated events short-term availability 
controls are provided.  
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8.4 DBA Issue of the Long-term Habitability of MCR in DBA 
 
1)  Is there any regulative requirement for the long-term habitability of MCR in the 

DBA at the US NRC? 
 

NRC Response: 
Long term habitability is governed by the following regulatory requirements in the 
General Design Criteria (GDC) in Appendix A of Title 10 of the Code of 
Federal Regulations (10 CFR) Part 50 and Commission policy: 

 
• GDC 19 states that a control room shall be provided from which actions can be taken 

to operate the nuclear power unit safely under normal conditions and to maintain it in 
a safe condition under accident conditions, including loss-of-coolant accidents.  
Adequate radiation protection shall be provided to permit access and occupancy of 
the control room under accident conditions without personnel receiving radiation 
exposures in excess of 5 rem whole body, or its equivalent to any part of the body, 
for the duration of the accident. 

 
• The Commission’s policy with respect to the capability of passive design features 

can be found in SECY-95-132, “Policy and Technical Issues Associated with the 
Regulatory Treatment of Non-Safety Systems in Passive Plant Designs.” 

 
2)  What perspective is for the issue of the long-term habitability of the AP1000 MCR 

in the DBA for the US NRC?  Especially, how to keep the reliability of the system 
and equipment related this issue in the design. 

 
NRC Response: 
In the event that power to the nuclear island nonradioactive ventilation system is 
unavailable for more than 72 hours, MCR habitability is maintained by operating one of 
the two MCR ancillary fans to supply outside air to the MCR.  Doors and ducts may be 
opened to provide a supply pathway and an exhaust pathway.  Likewise, outside air is 
supplied to division B and C instrumentation and control rooms in order to maintain the 
ambient temperature below the qualification temperature of the equipment.  

 
In instances in which there is no radiological source term present, the compressed air 
storage tanks are refilled via a connection to the breathable quality air compressor in the 
compressed and instrument air system (CAS).  The compressed air storage tanks can 
also be refilled from portable supplies by an installed connection in the CAS. 

 
It is expected that outside air will be acceptable within 72 hours following a radiological 
release.  The outside air pathway to the ancillary fans is provided through the 
nonradioactive ventilation system air intake opening located on the roof and 
nonradioactive ventilation system supply duct.  Warm air from the MCR is vented to the 
annex building through stairway.  The ancillary fans and flow path are within the auxiliary 
building which is a Seismic Category I structure. 

 
Power supply to the ancillary fans is from the respective division B or C regulating 
transformers which receive power from the ancillary diesel generators.  

 
Two ancillary alternating current (ac) generators provide ac power for Class 1E post-
accident monitoring, MCR lighting, MCR and I&C room ventilation, and pump power to 
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refill the PCS water storage tank and the spent fuel pool, when all other sources of 
power are not available.  Ancillary generators are not needed for the first 72 hours 
following a loss of all other ac sources. 

  
For these systems and components, the design of equipment anchorages are Seismic 
Category I items.  The design requires that there should be no spatial interaction with 
any other non-seismic SSC that could adversely interact to prevent the functioning of the 
post-72 hour SSC following a safe shutdown earthquake.  Structural features which 
protect the function of the ancillary generators are analyzed and designed for Category 5 
hurricanes, including the effects of sustained winds, maximum gusts, and associated 
wind-borne missiles.  

 
Reliability of risk significant SSCs including the ancillary diesel generators is maintained 
by Design Reliability Assurance Program (D-RAP).  The D-RAP includes a design 
evaluation of the AP1000 and identifies the aspects of plant operation, maintenance, and 
performance monitoring pertinent to risk-significant SSCs.  In addition to the PRA, 
deterministic tools, industry sources, and expert opinion are used to identify and 
prioritize those risk-significant SSCs.  The nuclear island nonradioactive ventilation 
system (VBS), MCR, I&C Rooms and the B/C ancillary fans are identified as risk-
significant SSCs.  The objective of the D-RAP is to design reliability into the plant and to 
maintain the AP1000 reliability consistent with the NRC-established PRA safety goals.  
Development of maintenance assessments and recommendations and the site-specific 
portion of the program is the responsibility of the applicant or licensee.  The applicant or 
licensee is responsible for performing the tasks necessary to maintain the reliability of 
risk-significant SSCs. (Also, see last three sentences of response 6.4-2.) 

 
12.4 Issue of Location of Battery and Switchboard 
 
1） How does the US NRC consider the internal flooding induced by the external 

disaster and the internal disaster for AP1000? 
 
 NRC Response: 

Standard Review Plan (SRP) Section 2.4.10, “Flooding Protection Requirements,” 
RG 1.59, “Flood Design Basis for Nuclear Power Plants,” and RG 1.102, “Flood 
Protection for Nuclear Power Plants,” address the protection against external flooding.  
SRP Section 3.4.1, “Internal Flood Protection for Onsite Equipment Failures,” addresses 
internal flood protection. 

 
2） Regarding the issue of lower location for safety classified batteries and 

switchboards, what were the requirements for the US NRC in reviewing AP1000? 
 
 NRC Response: 

In the FSAR, the COL applicant committed to have all safety-related components (which 
include Class IE batteries and switchboards) above the internal flood level in order to 
meet the guidance in SRP Section 3.4.1.  The NRC staff will use inspection, test, 
analysis, and acceptance criteria to verify this design commitment prior to fuel load. 
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13.4 Issue of Hydrogen Risk due to Containment Overpressure Discharge in  
 Spent Fuel Pool 
 

1) The containment filter discharge as a measure of the severe accident 
management can bring the hydrogen risk to the spent fuel pool (SFP) building 
especially when the containment is inert. So, what is the perspective of US NRC? 

 
NRC Response: 
The NRC staff has identified this item as a Tier 3 activity in the staff’s prioritization of 
Near Term Task Force (NTTF) recommendations.  The staff provided an update on the 
status of this recommendation in a recent information paper sent to the Commission 
(Agencywide Documents Access Management System (ADAMS) Accession No. 
ML14234A498).  NTTF Recommendation 6 was to identify insights from Fukushima 
related to hydrogen control and mitigation inside containment or in other buildings and to 
determine whether additional regulatory action is warranted.  While these Tier 3 activities 
are separate, the NRC staff expects that insights from implementation of the order 
related to severe-accident-capable vents for Mark I and Mark II containments 
(Order EA-13-109, ADAMS Accession No. ML13130A067) will inform further evaluation 
and action for both activities.  Additionally, the staff of the NRC Office of Nuclear 
Regulatory Research is participating as a working group member in a study related to 
hydrogen generation, transport, and risk management organized by the Organization for 
Economic Co-operation and Development.  The report has been completed and is under 
staff review.  Initial insights indicate that use of passive autocatalytic recombiners in 
foreign plants is a dominant feature.  Hydrogen-control strategies outside the primary 
containment have not been fully developed and more work is needed.  The report also 
noted that use of an external filter should be considered in conjunction with other severe-
accident management measures.  Once the reviews are complete, the staff will make 
recommendations on how these insights can support addressing NTTF 
Recommendations 5.2 and 6. 

 
14.4 Leakage-Before-Break (LBB) Issue of the Validity of Leakage Detection Monitoring 

System Related to LBB 
 
1) How does the US NRC consider the methods of monitoring the leakage in 

reviewing the application of LBB in the main steam line?  Are there any regulative 
requirements or standard to follow? 
  
NRC Response: 
SRP Section 3.6.3, “Leak-Before-Break Evaluation Procedures,” and RG 1.45, 
“Guidance on Monitoring and Responding to Reactor Coolant System Leakage,” provide 
staff guidance on leakage detection for LBB.  The AP1000 FSER (NUREG-1793, “Final 
Safety Evaluation Report Related to Certification of the AP1000 Standard Design”), 
Section 3.6.3.2.1, “Reactor Coolant System and Main Steam Line Leakage Detection 
Capability,” describes NRC staff’s evaluation for the application of LBB.  In Chapter 16 of 
the FSER, plant technical specification on “Main Steam Line Leakage” provides 
quantitative requirements for the main steam line LBB.  Note that the LBB analyses 
incorporate a margin of 10 between the calculated leakage and the capability of the 
credited leakage detection system. 
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2) Does the US NRC accept the containment sump level as one of the leakage 

detection monitoring methods in reviewing AP1000? 
 

NRC Response: 
Yes, sump level is one of the methods in RG 1.45 that has been deemed acceptable.  
As discussed in FSER Section 3.6.3.2.1, in addition to the containment sump level 
sensors, the AP1000 provides three containment water-level sensors as an additional 
method to detect main steam line leakage.  These sensors use a different level 
measurement process and, therefore, provide a diverse leakage detection method to the 
containment sump level sensors. 

 
3) Does the US NRC review and accept the software related to LBB? 
 

NRC Response: 
The NRC does not review and approve (i.e., “accept”) software related to LBB 
evaluations.  During the review, the NRC interacts with the applicant and questions the 
LBB calculation methodology which was used to generate the bounding analysis curves 
(BAC).  The NRC then performs a confirmatory analysis which includes the leakage 
crack size and limit load calculations to verify the applicant’s results and confirm that the 
criteria for LBB approval have been met. 

 
4) In the EPR design, the concept of BP is applied in the reactor coolant piping and 

main steam line covering the piping from the outlet of SG to the anchor support at 
the backward position of MSIV.  The BP is similar to the LBB, but there are some 
significant difference including the requirement for the leakage detection 
monitoring system, for example, the leakage detection monitoring system is not 
required for BP, which is incompatible with the key idea of LBB.  So, what is the 
perspective of US NRC? 

 
NRC Response: 
Branch Technical Position (BTP) 3-4, “Postulated Rupture Location in Fluid System 
Piping Inside and Outside Containment” provides the NRC staff’s guideline for 
postulating pipe rupture for fluid system piping in containment penetration areas and for 
fluid system in areas other than containment penetration.  For those portions of piping in 
containment penetration areas, breaks and cracks need not be postulated (i.e., this 
becomes the break/crack exclusion area), provided they meet the design criteria of 
ASME Boiler and Pressure Vessel Code, Section III, Subarticle NE-1120 and the seven 
additional design provision as described in BTP 3-4, Section B, Subsection A(ii)(1) 
through A(ii)(7).  The purpose of the additional design provisions is to ensure 
that break/cracks need not be postulated, not to demonstrate that the probability of pipe 
rupture is extremely low (as is done for leak-before-break).  Therefore, a leakage 
detection monitoring system is not required for the break/crack exclusion area. 
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15.4 Issue of Emergency Lighting in Main Control Room 
 
1) For the existing Nuclear Power Plants (NPPs) in the US, How was the power 

supply of the MCR emergency lighting designed?  Is there the similar situation? 
 
NRC Response: 
In SRP Section 9.5.3 (NUREG-800, “Standard Review Plan for the Review of Safety 
Analysis Reports for Nuclear Power Plants:  LWR Edition”) and also, Section 9.5.3.2, 
“Emergency Lighting” of NUREG-1793, “Final Safety Evaluation Report Related to 
Certification of the AP1000 Standard Design.”  Section 9.5.3.2 of NUREG-1793 states 
that: 
 
Power to the emergency lighting in the MCR and the remote shutdown area is supplied 
from the Class 1E 125-V direct current (dc) switchboard through the Class 1E 
208Y/120 V ac inverters, and is isolated through two series of fuses.  Three-hour barrier 
separation is provided between redundant emergency power supplies and cables 
outside the MCR and the remote shutdown area.  The control room lighting complies 
with human factors engineering requirements by using semi-indirect, low-glare lighting 
fixtures and programmable dimming features.  The control room emergency lighting is 
integrated with the normal lighting, which consists of identical lighting fixtures and 
dimming features. The emergency lighting system is designed so that, to the extent 
possible, alternate emergency lighting fixtures are fed from separate divisions of the 
Class 1E dc and UPS system.  Both normal and emergency lighting fixtures, controllers, 
dimmers, and the associated cables used in the MCR and remote shutdown area are 
non-Class 1E.  The ceiling grid network, raceways, and fixtures utilize seismic supports. 
 
Following the 72-hour period after a loss of all ac power sources, the lighting circuits in 
the MCR will be powered from two ancillary ac generators.  In areas outside the MCR 
and the remote shutdown area, emergency lighting is provided by 8-hour, self-contained, 
battery-pack, sealed-beam lighting units.  These units are powered from the non-Class 
1E and provide illumination for safe ingress and egress of personnel following a loss of 
normal lighting in areas that are involved in power recovery.  In addition, these units are 
provided in areas where normal actions are required for operation of equipment needed 
during a fire.  These units are normally powered from the non-Class 1E 480/277-V ac 
motor control centers. 
 
The above provides a discussion of the power supply for emergency lighting in the MCR 
for the AP1000 design.  All Class 1E equipment would be seismically qualified.  
However, outside the MCR, portable battery-packs are used, which are non-Class 1E, 
which would not be seismically qualified.  For other US NPPs, the design for emergency 
lighting is almost identical – using uninterruptible power supplies for emergency lighting 
in the MCR. 

 
2) What is the perspective of US NRC for this issue? 

 
NRC Response: 
If the power supply of the MCR emergency lighting and safety lighting is required for 
earthquake events, it should be seismically qualified.  If seismic qualification were 
required, applicants would typically use the guidance in RG 1.100, which endorses the 
use of IEEE-344 for qualification of Class 1E electrical equipment. 
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16.4 Issue of Safety Classification for Safety Classified Valves Transmission 

Mechanism 
 
1) May US NRC present if the similar issue occurred in the early NPPs in US? 

 
NRC Response: 
RG 1.29 provides information on seismic classification for nuclear power plant 
structures, systems, and components that is generally applicable to all nuclear power 
plants (though individual plants may have used different criteria approved by the staff). 
Equipment designated as Seismic Category I is qualified according to the criteria 
described in SRP Section 3.10 and RG 1.100.  For operating reactors, a verification of 
the seismic adequacy of mechanical and electrical equipment was performed in the 
1980s and 1990s under the designation “Unresolved Safety Issue (USI) A-46”; extensive 
information has been published on the USI-A46 effort, including Generic Letters 87-02 
and 87-03, NUREG-1030, and NUREG-1211. 

 
2) For this equipment, the NPPs mainly consider the seismic test or seismic analysis 

to ensure that the equipment in earthquake condition can run in US? 
 
NRC Response: 
The test or analysis used to seismically qualify equipment depends on the equipment 
type and function.  For example, motor-operated valves are generally qualified by test, 
while other simpler types of valves (e.g., manual valves) might be qualified by analysis.  
RG 1.100 endorses the use of ASME QME-1 for mechanical equipment and IEEE-344 
for electrical equipment (which would include electrical portions of some valves). 

 
3) How does the NRC regulate the remote control system of the valve in the quality 

assurance level? 
 
NRC Response: 
If the remote control system is non-safety-related then there are not specific 
requirements related to the instrumentation and controls.  If it is safety-related, then 
quality assurance requirements such as Title 10 of the Code of Federal Regulations 
Part 50 Appendix B would apply.  RG 1.26 provides additional information on quality 
group classification of structures, systems, and components for nuclear power plants. 

 
19.4 Issue of the Value of Operation Basis Earthquake (OBE)  
 
1) Considering the OBE value of 1/3 SSE in AP1000, how to consider the requirement 

of the equipment fatigue qualification? 
 
NRC Response: 
The Commission-endorsed expectations for equipment fatigue qualification are provided 
in SECY-93-087 (ADAMS Accession No. ML003708021, page 20) and its associated 
staff requirements memorandum (ADAMS Accession No. ML003708056, page 4). 
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2) Is the value of OBE for the US EPR the same as the value for EPR in China (1/5 

SSE)?  Is OBE used to the safety design for US EPR?  Is there any change in 
considering OBE? 

 
NRC Response: 
The safe shutdown earthquake (SSE) for the U.S. EPR is characterized by two sets of 
response spectra.  The first set is defined by the European Utility Requirements design 
spectra for soil, medium rock, and hard rock site conditions.  The second set is based on 
hard rock high frequency (HRHF) ground motion response spectra (GMRS) for the Bell 
Bend site.  The operating basis earthquake (OBE) is taken as 1/3 of the SSE spectra 
consistent with Appendix S to Title 10 of the Code of Federal Regulations (10 CFR) 
Part 50.  As such, the OBE does not need be considered in design analyses per 
Paragraph (a)(2)(i)(A) of Section IV in Appendix S to 10 CFR Part 50; however, the OBE 
induced stress cycles may need to be considered in fatigue evaluations.  AREVA NP, 
the vendor for the U.S. EPR design, has not indicated any intention to change the OBE 
designation. 

 
20.4 Issue of Setting the Earthquake Automatic Shutdown System  
 
1) What is the perspective on the collocation of the seismic automatic shutdown 

system for US NRC? 
  
 NRC Response: 

Current US regulations and 10 CFR Part 50 do not require NPPs to have seismic 
automatic shutdown systems. NPPs in the US are to be shutdown manually if vibratory 
ground motion exceeds the Operating Basis Earthquake (OBE) or if significant plant 
damage occurs. 

 
2) How is the trigger value set if the seismic automatic shutdown signal is 

considered in the design of NPP? 
 
NRC Response:  
Not applicable – see answer above. 
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U.S. Nuclear Regulatory Commission/National Nuclear Safety Administration  
Bilateral Questions (AP1000 Design) 

February 25, 2015 
 
AP1000 Digital Instrumentation and Control Systems 
 

1. What is the current status of the on-site testing for the digital instrumentation and control 
(DI&C) systems, especially the safety-related protection and safety monitoring system 
(PMS) for the Sanmen AP1000 Unit 1?  

 
2. What are the major issues found from the on-site testing for the Sanmen Unit 1 DI&C 

systems?  Are there any on-site testing reports issued which could be shared with the 
U.S. Nuclear Regulatory Commission (NRC) staff?  

 
3. What are the statuses of the PMS for Sanmen Unit 2 and Haiyang Unit 1 and 2? 

 
4. Were responses provided to instrumentation and control (I&C) questions raised in early 

summer last year by the National Security Council staff of C-NNSA in several areas, 
such as independent verification and validation for the safety I&C systems, version 
control of hardware and software of the Common-Q components, technical reports for 
the component interface modules, commercial grade dedication for commercial 
components used for safety I&C systems, diversity between the PMS and diverse 
actuation system, and so on?  Can C-NNSA share these responses with the NRC staff? 
 

AP1000 Containment and Ventilation Pre-Operational Testing  
 

1. AP1000 licensees are required to perform a series of additional tests, including a fully 
instrumented In-Containment Refueling Water Storage Tank (IRWST) heatup test as 
well as a natural circulation test of the reactor coolant system and passive residual heat 
removal heat exchanger (DCD 14.2.5).  These tests are designed to demonstrate that 
the AP1000’s unique design features perform the intended functions at the full plant 
scale.  Subsequent plants are required to either perform the tests or justify that the initial 
tests apply in kind to their plant.  What are the plans for these first-of-a-kind tests for 
Sanmen Unit 1 and, subsequently, Sanmen Unit 2 and Haiyang Units 1 and 2?  Has 
NNSA received or reviewed test plans or procedures for these tests that can be shared 
with the NRC?   
 

2. The AP1000 DCD requires that a set of tests be performed to demonstrate the 
performance of the passive containment cooling system (PCS) as part of the 
preoperational testing program.  The tests are required to show that the PCS is capable 
of a required flow delivery at various levels and, of sustaining (at a minimum) the flow 
assumed in the accident analyses for 72 hours, and that the water coverage on the 
containment outer shell is sufficient.  What is the status of the testing used to 
demonstrate these attributes for Sanmen Unit 1, and are there any insights gained from 
the test specifications or reports that could be shared with NRC staff? 
 

3. Preoperational testing for the Main Control Room Emergency Habitability System for the 
AP1000 stipulates a 6 hour test simulating a loss of the normal nuclear island ventilation 
system, including full heat loads for this period.  This test is needed to demonstrate that 
the analysis showing the control room conditions remain acceptable for 72 hours bounds 
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the as-built design.  What is the current status of the testing at Sanmen Unit 1 that is 
required to show the control room environment remains within acceptable limits for 72 
hours?  Has the licensee provided any test plans detailing the procedure for the heatup?  
If so, can those plans be shared with NRC staff? 


