Questions from NNSA on AP1000

Responses are provided for the majority of the questions. Where no response is provided, we
will provide time during our meeting on February 9-11 to discuss as many of these questions as
possible.

(General Design and Severe Accident, Mr. Chai Guohan)

1-1. Please explain the status of the safety review of AP1000 DC amend and COL application in
USA. Is there any important RAI? Please explain some of these important RAI if possible.
ANSWER: The safety reviews of both the amendment and the COL applications are in process.
Our schedules call for safety evaluations with open items by mid-summer on all chapters. Some
of the topics with RAIs still under review include shield building structural connections, control
room ventilation and dose analyses, and GSI-191 issues.

1-2. How many COL action items provided in NUREG-1793 appendix F have been solved during
AP1000 DC amend, please provide a list. '

ANSWER: Attached is the table from Revision 17 of COL information items (action items as
discussed in NUREG-1793), with the status for resolution as -p"roposed by Westinghouse. Staff

review is still underway.

1-3. Whether the latest version of Regulatory Guides and Standard Review Plan (March, 2007)
are applicable to the DC amend and COL application in USA, and whether an evaluation of the
DC amend and COL application against the latest version of Regulatory Guides and Standard
Review Plan (March, 2007) should be provided to NRC.

ANSWER: The staff is reviewing the amendment and the COL application using the latest
versions of SRP and RGs. However, the unmodified sections of the DCD are not being reviewed
agéinst the newer guidance.

1-4. As regards In-Vessel Retention approach, what are the most important phenomena should be
considered, are there any experimental data to support the analysis (Verification and Validation)?

1-5. As regards In-Vessel Retention approach, because it is a long term cooling process, how to
consider following phenomena: (1)The impact of debris to the performance and reliability of IVR.
(2) Potential boron precipitation and blockage of flow path.

(Chapter 2 and 3, Ms. Pang Rong)

2-1. Aircraft aviation near a NPP site is treated as an external event source to a NPP. Whether
there is a criteria for the aviation height above which it is acceptable for a NPF. For example a
hejght above 10000 meters, etc. ‘

ANSWER: In order to conform to the requirements of 10 CFR 100.20, the nature and
proximity of man-related hazards (e.g. airports, dams, transportation routes, military and chemical

facilities) must be evaluated to establish site paramieters fo: use in determining whether a plant



design can accommodate commonly occurring hazards, and whether the risk of other hazards is
very low. Since these hazards are site specific, these hazards are evaluated for the Combined
License Application (COLA), and therefore, the Design Certification Document (DCD)
application defers these hazards evaluations to COLA.

The NRC Staff reviews the applicant’s evaluation of aircraft hazards to the plant following the
guidelines specified in Standard Review Plan (SRP) Section 3.5.1.6 “Aircraft Hazards”, to
determine whether or not they should be incorporated into the plant design basis. The
considerations include airports, federal airways, holding and approach patterns, and military
airports, training routes, and training areas.

The NRC requirements are met if the probability of aircraft accidents resultihg in radiological
consequences greater than 10 CFR Part 100 exposure guidelines is less than an order of magnitude
of 107 per year. This probability is considered to be met by inspection if the distances from the
plant meet all of the following criteria:
1. the plant-to-airport distance D is between 5 and 10 statute miles, and the projected annual
number of operations is less than 500 D7, or the plant-to-airport distance D is greater than
10 statute miles, and the projected annual number of operations is less than 1000 D?,

2. the plant 1s at least 5 statue miles from the nearest edge of military training routes,
including low-level training routes, except for those associated with-usage greater than
1000 flights per year, or where activities (such as practice bombing) may create an

unusual stress situation, and

3. the plant is at 1éast 2 statute miles beyond the nearest edge of a federal airway, holding
pattern, or approach pattern.

If the above proximity criteria are not met, or if sufficiently hazardous military activities are

- identified, a detailed review of aircraft hazards must be performed.

Low-altitude (below 18,0001t mean sea level (msl)) routes are flown primarily by general aviation
aircraft, and high-altitude (18,000 — 45,000 ft msl) are flown primarily by commercial air carriers,
the military, and high performance general aviation aircraft. Flights above 18,000 ft are required to
be instrument flight rules flights, and therefore are assigned by air traffic controllers. The Federal
Aviation Administration (FAA) identifies the nuclear facilities on FAA charts and also it appears
that the FAA advises all the pilots to stay away from the nuclear facilities during flight path.

2-2. Please provide the safety review position related to military facilities near NPP sites.

ANSWER: From the safety perspective, the NRC Staff reviews the applicant’s evalnation
hazards associated with hearby military activities, such as military bases, waining areas, or aircraft -
flights (as discussed in the answer to question 2.1), following the guidelines in SRP sections
2.21-2.2.2, “Identification of Potential Hazards <in Site Vicinity,” 2.2.3,” Evaluation of Potential
 Accidents,” 3.5.1.5, “Site Proximity Missiles (Except Alrcraft),” and 3.5.1.6, “Aircraft Hazards.” -



The principal types of hazards include toxic vapors or gases and their potential for incapacitating
nuclear plant control, overpressure resulting from explosions or detonations involving materials
such as munitions, industrial explosives, or explosive vapor clouds resulting from the atmospheric
release of gases with potential for ignition and explosioﬁ, missile effects attributable to
mechanical impacts, explosion debris, and impacts from waterborne items such as barges, and
thermal effects attributable to fires.

2-3. For the NI building protected against commercial airplane hostility crashes, analysis has
been conducted about the crash on the lateral walls. Please provide some information about the
risk of crashes on roofs.

ANSWER: . The aircraft impact on roofs should be considered as stated in the statement of
consideration in the AIA rule as follows: "assessment must be based on the beyond-design-basis
impact of a large, commercial aircraft used for long distance flights in the U.S., with aviation fuel
loading typically used in such flights, and an impact speed and angle of impact considering the
ability of both experienced and inexperienced pilots to control large, commercial aircraft at the
low altitude representative of a nuclear power plant's low profile".

2-4. Please explain the safety concern of NRC about the applicability of AP1000 standard design
fo a site. ' : '
ANSWER: In the design certification review process, the NRC identifies site parameters that
describe the envelope of site conditions for which the AP1000 standard design was reviewed.
This includes seismic ground motion, soil properties, meteorology (rain, tornado, temperatures,
atmospheric dispersion), etc. A complete list is included in section 5 of tier 1 of the DCD.

Currently, RCOL and SCOL applications for AP1000 are under review based on DCD Rev. 16
which extends the application of the AP1000 to soil sites. DCD Rev 17 is also under review. The
concern is whether the AP1000 standard design will cover all or most of the site conditions for
COL applications. The bearing pressure and coefficient of friction of soils beneath the NI structure,
the active and passive pressure of soils at walls and sides of the embedded NI structure are
reviewed to resolve the concern.

2-5. Please provide the consideration about the wind tunnel test results of AP600 can be applied
in AP1000.

ANSWER: As discussed in NUREG-1793, see pages 3-8, 3-12 and 21-19 through 24, the
results of the tests performed for AP600 were considered applicabie for AP1000.

2-6. Please provide the review position of the consideration of the dynamic effect of the water
contained in the passive containment cooling water storage tank (PCCWST), in containment
refueling water storage tank (IRWST), and spent fuel pool.

. ANSWER: Sloshing of the water in the PCCWST was analyzed using a formula for toroidal
tanks. The fundamental sloshing frequency is .136 with modal mass equal to 3% of the water mass.
- These results are similar-to the AP600 analysis and AP1000 Certified Design.

No change in design of the tank, Refer NUREG 1793 section 3.8 for review:



For Spent Fuel, Westinghouse demonstrates that using the method presented in TID 7024,
ANuclear Reactors and Earthquakes@), Chapter 6, the racks reside in the impulsive water mass
region of the pool and the sloshing portion of the water is essentially above the top of the racks.
In addition, the staff notes that the racks occupy the entire lower region of the pool, thereby
preventing the free oscillations associated with water sioshing for that region.

2-7. Please provide the review position of the consideration the replacement of SG in the design of
steel containment vessel (SCV). , o

ANSWER: Potential replacement of SG was discussed briefly in the FSER on p. 1-3 and 3-106.

This is not an issue specifically revie%zved.during licensing. If it becomes necessary for a plant to

replace a SG,, they are responsible for performing that replacement safely and for getting any

necessary approvals required per their license.

2-8. Pléase provide the review position about the determination of the value for margin-level
earthquake for NPPs. ,

ANSWER: The seismic margin evaluation is conducted to establish a plant level seismic
margin equal to at least 1.67 times the safe shutdown earthquake (SSE). For certain site specific
features, such as, soil liquefaction or dynamic bearing capacity etc. the margins earthquake should \
be 1.67 times the site specific seismic ground motion spectra as specified i the certified design.
Certified designs use generic seismic response spectra for the SSE to ensure that the standard
design of the reactor and all the associated features of the nuclear power plant are seismically
robust, and can envelope the seismic demand for most potential nuclear power plant sites in the U,
S. A. The seismic margin requirements are incorporated in the Commission’s performance goals
for demonstrating seismic margin in nuclear power plants, as specified in SECY-93-087, “Policy,
Technical, and Licensing Issues Pertaining to Evolutionary and Advanced Light-water Reactor
Designs,” dated April 2, 1993, and the corresponding staff requirements memorandum (SRM),
dated July 21, 1993. Furthermore, 10 CFR 52.47(a)(27) requires that a design-specific PRA be
conducted as part of the application for design certification (DC). Regulatory Guide 1.206,
“Combined License Applications for Nuclear Power Plants (LWR Edition,” issued June 2007
Section C.1.19, also indicates that an application should describe the seismic margins analysis and
SSC fragility analysis. N

As a background, evolutionary light;watér reactor designs, and passive light wafer reactor designs,
in particular, have significantly reduced core damage frequency from internal initiating events to a
very low value. As a result, seismic contribution to the core damage frequency has become
important to examine. The objective of the seismic margins analysis is to-ensure that the overall
plant design is resistant to beyond design basis earthquakes, and that the target plﬁnt level margin
is met. Seismic fragility values of structures are obtained from seismic analysis results, and for
equipment, generic fragility values are readily available up to 0.5g peak ground acceleration (PGA)
value. Standarc' designs.use.a design basis PGA of 0.3g; so a margin earthquake of 1.67 times
0.3g will allow the use of generic equipment fragility up to 0.5g and simplify the plant margin
examination process. This is the genesis of establishing a review level earthquake of 1.67 times
the SSE. '



Standard Plant Seismic Design: The plant is designed to-a generic set of seismic response
spectra that are site independent. Therefore, the plant seismic capacity is driven by the certified
seismic design response spectra (CSDRS).

Ground Motion Response Spectra (GMRS):  Site-specific GMRS are characterized by horizontal
and vertical response spectra determined as free-field motions on the ground surface or as

 free-field outcrop motions on the uppermost in-situ competent material using probabilistic seismic
hazard analysis, site soil strata amplification analysis using site-specific soil properties obtained
from detailed site exploration and testing results, and applying performance-based procedures in
accordance with RG 1.208. The site specific GMRS characterizes the seismic demand for the
standard reactor design, including site-specific features.

2-9. Please introduce the review process about the slide and uplift effect of AP1000 standard
design NI foundation under SSE and margin earthquake.

ANSWER: DCD Rev 16 and Technical Report 85 are still under review by the staff. The review
process about the sliding and uplift effect of AP1000 standard design NI foundation under SSE
involves a horizontal force equilibrium analysis for sliding and an overturning moment analysis
for the uplift effect (the two analyses are usually referred to as stability analyses). Soil properties,
as mentioned in the answers to question 2-2, are used for the stability analyses. No stability
analysis is performed for the margin earthquake. \

Detail procedures for the stability analyses can be discussed in a meeting.

' 2-10. Please introduce the consideration about the safety review of seismic analysis input
parameters of AP1000 standard design.

ANSWER: Foundation input response spectra, supporting media, structural damping are
reviewed. DCD Rev 16 and Technical Report 03 are still under review.

2-11. Please provide the safety review emphases about the mass concentrating process during the
seismic analysis.

ANSWER: Mass participation assumptions are reviewed. Technical Réport and DCD Rev 16
are still under review by the staff

2-12. Please provide suggestion about the review of the rationality of modal analysis results of 3D
complex model.

ANSWER: Modal analy51s assumptions being reviewed for CSDRS and HRHF seismic models.
DCD Rev 16 and Technical Report 3 are still under review by the staff.

2-13. In DCD chaptel 2, about air temperature, maximum and minimum safety values are based
. on historical data dnd exclude peaks of less than 2 hours duration and maximum and minimum
normal values are the I percent exceedance magnitudes. We want to know the request of NRC for
time period of collecting the historical data, 10 years? 30years? Or longer?

ANSWER:  General Design Criteria (GDC) 2 to Appendix A to 10 CFR Part 50 states, in part,

that structures, systems, and components important to safety shall be designed to withstand the



effects of natural phenomena without loss of éapability to perform their safety functions. GDC 2
further states that the design bases for these structures, systems, and components shall reflect
appropriate consideration of the most severe of the natural phenomena that have been historically
reported for the site and surrounding area, with sufficient margin for the limited accuracy, quantity,
and period of time in which the historical data have been accumulated. Similarly, 10 CFR
52.79(a)(iii) states, in part, that the combined license (COL) FSAR shall include the
meteorological characteristics of the proposed site with appropriate consideration of the most
severe of the natural phenomena that have been historically report for the site and surrounding
area and with sufficient margin for the limited accuracy, quantity, and time in which the historical
data have been accumulated. '

In order to be compliant with § 52.79(a)(1)(iii), the maximum (mimimum) safety ambient
temperature site-specific characteristic values identified by the COL applicant should be based on
the higher (lower) of either (1) historic maximum (minimum) values recorded in the site vicinity
or (2) 100-year return period values. Temperawres based on a 100-year return period are
considered to provide sufficient margin for the limited accuracy, quantity, and period of time in
which the historical data have been accumulated as required by the regulation.

The maximum and minimum ggri_n;al ambient temperature site-specific characteristic values can
be based on 30 years of recently recorded data. For example, the one percent climatic design
conditions provided in Chapter 28 of the 2005 ASHRAE Handbook - Fundamentals (which are
based on 30 years of historic data) have been accepted by the NRC staff.
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And the applicant will modify the envelope value in DCD 17, NRC has accepted it or not.
ANSWER: The staff has not yet completed its review of the DCD Rev 17 changes in air
temperature site parameters, but at this point in time, expects to accept them. '

(Chapter 3, Mr. Sun Zaozhan)

3-1. About the classification between high and moderate energy pipings

Sanmen NPP PSAR Subsection 3.6.1.1, on Page 3.6-4, says that “Piping systems that exceed
200°F (93.33°C) or 275 p'sig (1.896 MPa gauge) for two percent or less of the time during which
the system is in operation or that experience high-energy pressures or temperatures for less than
one percent of the plant operdtion time are considered moderate-energy”. This does not meet the
requirements of SRP BTP 3-4. How do NRC determine the criterion in BTP 3-4, and do NRC
accept the criterion of “one percent of the plant operation time”'? _
ANSWER: BTP 3-4 defines that piping systems subject to short operational period of time as
high-energy fluid systems, but qualify as moderate-energy fluid systems for the major operational '
 period is considered as modefate-energy fluid systems. The staff specified that the operational
period is considered "short” if the fraction of the time that the system operates within the
high-energy pressure-temperature -conditions is about two percent of the time that the system
operates as a moderate-energy fluid system. The above described Sanmem NPP PSAR definition
for moderate energy piping system did not appear to be completely consistent with the BTP 3-4
criterion. However, .in the past, NRC staff has approvec- the 1 psrcent of plan: ‘operating time -
criterion (same as the Sanmem NPP PSAR definition) for several licensed PWRs and BWRs. -



The staff evaluated the issue in question and concluded that no matter which definition of short
operational period is used (1 vs. 2 percent), the resulting time from either definition is short
enough so that the likelihood of a break occurring during either period is small. Thereforé, the
criterion of “one percent of the plant operation time” is acceptable to the NRC staff. .

3-2. About the material toughness of LBB pipings

SRP 3.6.3 requires that “the piping material will not become susceptible to brittle cleavage-type
failures over the full range of system operating temperatures (that is, the material is on the upper
shelf of the Charpy Impact energy versus test temperature curve)”, but the SER of NRC on
AP1000 says, quoting from NUREG 1061, that LBB analysis for brittle materials may use fracture
mechanics method than the limit load method for ductile materials. If the material is on the upper
shelf of the fracture toughness curve, is there still any to do the fracture mechanics analysis?
ANSWER: In the NRC'’s safety evaluation report for AP1000 (NUREG-1793, page 3-51), the
NRC states, “...The stability analysis of the LBB uses either a fracture mechanics analysis for
brittle materials or a limit load aﬁalysis for ductile materials to determine a critical crack size for a

postulated circumferential, through-wall crack under normal and seismic loads...”

The statement in Question 3-2 was characterized differently from the NRC’s statement above.
The intent of the NRC’s statement above is to provide an applicant with the option of using
different analytical methods to calculate the critical crack size of candidate pipes that have
different material properties (ie., brittle vs. ductile materials). For brittle materials, the
elastic-plastic fracture mechanics method may be used to determine the critical crack size. For
ductile materials, the limit load method may be used to determine the critical flaw size. If a pipe
uses a material that is on the upper shelf of the fracture toughness curve, the critical crack size for
that pipe will still need to be calculated to demonstrate its compliance with the margins
recommended in SRP 3.6.3.

Owners of nuclear plants have calculated the critical crack size using both elastic-plastic fracture
mechanics method and limit load method. The conservative critical crack size of the two
methods 1s used to satisfy SRP 3.6.3 margins.

The intent of the cleavage-type failure statement in SRP 3.6.3 is to restrict the BB application for
those piping systems that are susceptible to brittle cleavage-type failures in a very high
temperature range (above 7000F, see SRP 3.6.3.1I1.6). The LBB application in SRP 3.6.3 was
developed to be used in the light water reactors. The operating temperature in light water

reactors is much lower than the operating temperature in high temperature reactor designs.

3-3. About the limitation on fatigue failure potentials for LBB candidaies .

SRP 3.6.3 reguires that LBB candidates shall not possible fa;igue Jailures. How should this be
'evalualéd,‘ Jfor example, should the usagefa,czbr U=0.5, U=0.8 or somiething else for “having a
potential of fatigue failure”. ‘

ANSWER: The cumulative usage factor calculated by the ASME Boiler and Pressure Vessel Code,
Section III, NB-3200 may be used to determine whether a. piping system would have a potential

for fatigue failure. However, the usage factor does not provide all the neéessary information to



predict the potential for fatigue failures. For example, the usage factor will not be able to predict
the high- and low-cycle fatigue from pipe vibration or thermal fatigue from fluid stratification in a
pipe. Also, based on operating experience, pipes with high usage factor (e.g., U=0.9) have not
had fatigue failures. Therefore, a pipe with a high usage factor does not necessarily imply that it
will have a high likelihood of fatigue failures.

SRP 3.6.3 does not provide a specific usage factor limit to determine the potential for fatigue
failures. However, the ASME Code, Section III, NB-3000 requires that the cumulative usage
factor be less than 1.0 for all Class 1 piping. This implies that the usage factor for the LBB
piping must be less than 1.0.

The LBB concépt was initiated in the late 1970’s and implemented in the NRC regulations in the
mid-1980°s. At the time of the LBB development, many nuclear plants had been in operation for
several years and, therefore, operating experience regarding thermal and vibrational fatigue
problems in certain piping systems was available. On the basis of this operating experience,
NRC recognized that certain piping systems had problems with flow-induced vibrational fatigue
and thermal fatigue due to stratification (e.g., pressurizer surge line in PWRs). The NRC did not
allow the use of LBB for those piping systems that were susceptible to significant vibrational or
thermal fétigue.' : '

In general, the NRC reviews plant operating parameters such as water chemistry, flow velocity,
operating temperatures, and steam quality, as well as their effects on plant operating procedures.
The NRC'’s safety evaluation report for AP1000 (NUREG-1793, page 3-53) provides additional
information regarding how the NRC evaluates various degradation mechanisms, including fatigue,
prior to approving the use of LBB.

For new reactor plant designs such as the AP1000, there is no actual operating experience yet.
To evaluate the potential of fatigue failures in new reactor plants, the designer should be able to
predict the potential for thermal and vibrational fatigue based on fluid dynamic analyses. These
analyses would use system and operational parameters such as mass flow rate, fluid velocity,
pressure drops in the piping system, piping layout, pump speed, and fluid temperature in the pipe.
Because the AP1000 plant is a light-water reactor and is similar in many respects to currently
operating Westinghouse PWRs from an operational standpoint, the .staff found that operating
experience from existing PWRs could be extrapolated to the AP1000 design as it relates to
identifying candidate piping systems that might be susceptible to fatigue. Therefore, the.
screening of piping systems for fatigue issues is more qualitative than quantitative.

3-4. About the seismic qualification of CRDS by test

As for the seismic gualification of CRDS, especiallv the justification of rod drop zime_dwiihg_ an

earthquake, is it acceptable or not if the qualification is Idone by analysis, or it irmusf be done by
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3-5. About RG 1.207 .
RG 1.207 was not issued when NRC write the AP1000 safery evaluation report. Bui, when it was



issued in 2007, NRC states that “Except in those cases in which an applicant or licensee proposes
or has previously established an acceptable alternative method for complving with .specified
portions of the NRC's regulations, the methods described in this guide will be used in evaluating
submittals in connection with applications for construction permits, standard plant désign
certifications, operating licenses, early site permits, and combined licenses”. Are the Applicants

_for permits or licenses after the issuance of RG 1.207 in U.S. required to justify against the
requirements of this guide? )

3-6. About the modular construction of building structures, how should the quality of the walls
and floors be assured? Is there any need to do nondestructive examinations?

ANSWER: DCD Rev 16 and TR 57 are still under review by the staff. Major questions related
to the modular construction are listed below. The staff has reQuested Westinghouse to provide
test data to substantiate its design method for the modular construction because ACI Code is not
applicabk; to the modular construction, as it had been used by the Westinghouse in DCD- Revision
16. The staff has requested Westinghouse to provide the connection design method and details
that connect the modular walls to the reinforced concrete walls for the shield building in DCD
Revision 16. The staff has réque.sted Westinghouse to provide test data to substantiate its design

method for the shield building roof because ACI Code is not applicab'le to the modular

construction roof of the shield building. The staff has requested the Westinghouse to address the
fire protection issue for the modular construction for walls and slabs. The staff believes that
nondestructive examination will be required for the modular construction. The staff has requested
the Westinghouse to submit an inspection program related to the modular construction, especially
on the concrete inside steel plates. The staff has requested the Westinghouse to submit a
construction sequence related to the modular construction for the shield building.

Detail considerations for assuring the quality of modular construction can be discussed in a
meeting. '

The quality of the modular construction of wall and floor structures of building is described in the
AP-1000 Final Safety Analysis Report (FSAR) section 3.8.3.6.1 “Fabrication, Erection and
Construction of Structural Modules”. The tolerances for fabrication, assembly and erection of
the structural modules conform to the requirements of section 4 of the American Concrete Institute
(ACI), Standard Specifications for Tolerances for Concrete Construction and Materials,
ACI-117-90, sections 3.3 and 3.4 of the American Welding Soéiety (AWS), Structural Welding

Code, AWS D 1.1-2000AWS D 1.1, and sections Q1.23 and Q1.25 of the- Specification for the .

Design, Fabrication and Erection of Steel Safety-Related Structures for Nuclear Facilities (ANSI
N690-1994).  Nondestructive examination of the sub modules and modules would be performed
accbrding to the Specifications for the Design, Fabrication and Erection of Steel Safety-Related
Structures for Nuclear Facilities (ANS] N690-1994) and the American Welding Society (AWS),
Structural Welding-Code, AWS D 1.1-2000AWS D 1.1. . - . .

3-7. How are the functionalities of mechanical and electrical components need to be functional

under severe accidents be assessed? Please give some examples.




3-8. About the PTS analysis

In Subsection 5.3.4.6 of Sanmen NPP PSAR, the screening criterion for PTS in 10CFR50.61 is
- used, but the criterion is based on the risk evaluation of the old NPPs. AP1000 is newly designed

and adopts a direction vessel injection that is different from the old NPPs. Is the screening

criterion for PTS in 10CFR50.61 is still valid for AP1000 or not? '

ANSWER: NRC did not believe it was necessary to revisit the PTS issue for AP1000 even

though some of the transients affecting PTS are different. The reasons include the following:

- The original PTS rule as stated in 10 CFR 50.61 is based on detailed risk analysis and the
consideration of large number of transients. Current PTS analysis used highly
conservative assumptions in arriving at PTS screening criteria. These conservatisms
were discussed in detail in the preparation of the proposed PTS revision 10CFR50.61a.
Because of the differences in AP1000 transients with current PWRs, NRC decided not to
use the proposed revision to the PTS rule in 10 CFR 50.61a for the AP1000.

- In addition to the in-built conservatisms of 10 CFR 50.61, the AP1000 vessel will

a. Be built with much better materials, specifically, beltline materials will have
very low Cu, Ni, P. '

b. Have a diameter and thickness that are similar to current PWRSs.

c. Will not have any axial or longitudinal welds in the beltline region. Welds
are the major source of flaws.

d. Have an additional neutron shield that will reduce the projected cumulative
fluence compared to current PWR vessels.

In summary, RTprs values for AP1000 for 60 years are projected to be well below 270° F, which is

the current PTS screening criterion for forgings.

Therefore, éonsidexjng the AP1000 vessel materials and projected cumulative fluence up to 60
years as described above, the use of current PTS screening criteria is justified. The staff does not
believe any additional studies on the applicability of the current PTS rule for the AP1000 is

warranted.

(Chapter 4, Mr. Li Bing) . .

4-1. NRC have published new version of SRP (2007). In chapter 4.2 there are new requirements
for the fuel system design. How do NRC deal with these new.requirements during review of
AP1000 DC amend and COL application?

ANSWER: The NRC is reviewing the amended sections of the AP1000 DC in accordance to the
review procedures listed in the related areas of NUREG-0800. 10CFR52.63 details the NRC’s
_position on “Finality.of Deéign” and how it appiies to both the applicant and the NRC iself.
Unless an applicant submits @ DC amendment related to a topic of NUREG-0800 that has been
revised, or unless the requirements of 10CFR52.63 are met, the approved design is considered
final-and the NRE& will not hoid the design to revised NUREG-0800 sections.



‘4-2.'}1‘ new type of ﬁte[ c.z_v‘se.mbly is adopted in AP1000 design. Applicant should provide

“evaluation report for the new assembly. Unluckily.-we did not get any information during review of

" SANMEN NPP. What has NRC concerned about during review of. AP1000 Sfuel system design?

ANSWER: The NRC reviews the fuel design in accordance to the guidelines detailed in Section
4.2 of NUREG-0800. The Safety Evaluation Report for the reference fuel design found in the
approved AP1000 DCD (Revision 15) is presented in NUREG-1793.

The fuel system is considered Tier 2* as defined in 10CFR52 Appendix D. It is likely that
Westinghouse will submit a revised fuel design before fuel loading of the first core due to fuel
design advancements, and Westinghouse would be required to submit any new design for review
as required by 10CFR52 Appendix D paragraph VIIL.B.6. ’

4-3. For new core design, flow distribution, flow induced vibration and other thermal hydraulic
test should be done to validate its conservativeness. Before the availability of these test results,
how does NRC make the conclusion when review the core design of AP1000?

ANSWER: Per NUREG-1793 Chapter 4.2, the flow induced vibration effects on prototypical
fuel elements were extensively tested.

NUREG-1793 Chapter 4.4 discusses tests which determined that for designs with heavy cross
flow (e.g. PWRs), they maintain a high degree of stability. Further tests referenced in
NUREG-1793 demonstrated that flow oscillations could not be induced above 1200 psia under
typical power reactor conditions. ~ With these tests in mind, the NRC based it’s conclusions on
the analyses supplied by Westinghouse using approved methodology.

If Westinghouse makes modifications to their fuel design and wish to use a new fuel design for a
first core, they will be required to submit the new fuel design for NRC approval as outlined in
10CFR52 Appendix D paragraph VIII.B.6 for Tier 2* items. It will be up to the NRC to
determine if the modifications warrant new testing or not. o ‘

4-4. For AP1000 design, The IFM grid span does not have a rod bow penalty. The 1.5% rod bow
penalty only applies to the mixing vane grid span. This is really different from other design. Is it
distinct for AP1000 or common used in other NPPs in USA? What's the NRC's review position for
this analysis method?

ANSWER: The application of rod bow penalty for the AP1000 design is currently approved and
used by Westinghouse for operating reactors with similar fuel designs. The reason that no rod
bow penalty is applied to the upper spans of the fuel assembly with the intermediate flow mixer
grid spans is because the inclusion of an IFM grid betweén two mixing vanes reduces the
grid-to-grid spacing by half| to less than 10 inches. This added stiffness reduces the amount of
rod bow.and channel gap closure. The channel gap closure, caiculated by the applicant using an
NRC-approvéd method, for the IFM spans is less than 50%. It has been concluded from. .
experimental data that there is no detrimental effect on critical heat flux for channel closure less
‘than 50%, and therefore no-rod bow penalty is determined for the upper spans of the fuel assembly
with IFMs.



4-5. For earlier nuclear power plant design, there is large margin between maximum peak linear

powers for overpower transient and for prevention of fuel centerline melt. For AP1000 this margin

is nearly zero. How do NRC evaluate this design when concerned its conservative.

ANSWER: As long as-an applicant meets the required margin, the NRC has no legal authority
to require additional margin without issuing a new rule to set new limits.

4-6. Please specify the review conclusion about maximum fuel burnup for AP1000.

ANSWER: The maximum fuel burmup for the AP1000 design is 62,000 MWD/MTU
(NUREG-1793 Chapter 4). The AP1000 design 1s not approved for burnups greater than 62,000
MWD/MTU. |

{Chapter 5, BINE, Ms. BaiJinhua)

5-1. NRC published a generic letter GL 95-07: “Pressure Locking and Thermal Binding of
Safety-Related Power-Operated Gate Valves”. To response to this letter, the AP1000 designer
should take measures to solve the problem of the susceptibility to bonnet over pressurization,
pressure locking, and thermal binding so as to ensure the safety function of safety-related valves.
Please introduce what kind of valve and which valves that NRC paid attention on. Related to this
issue, were there any tests pwforméd to validate the satisfied performance of the valve? If any,
please provide the detail information, if necessary, please illustrate by drawings.

ANSWER: In GL 95-07, the NRC staff focused on resolving concerns with potential pressure
locking and thermal binding of gate valves operated by power actuators (for example, motor, air,
and hydraulic). Extensive evaluations including some modifications were performed on »
power-operated gate valves to preclude pressure locking and thermal binding of gate valves at U.S.
operating nuclear power plants. The NRC staff will be prepared to discuss any specific questions
and provide additional details on the regulatory requirements for ensuring the design-basis
capability of safety-related power-operated valves, the pressure locking and thermal binding
phenomena for gate valves, operating experience with pressure locking and thermal binding at U.S.
nuclear power plants, research activities to study the phenomena, regulatory communications
related to this issue, industry actions in response to this issue, results of NRC and industry
activities to address this issue, and expettations for new reactors to prevent pressure locking and -
thermal binding of power-operated valves. ‘

5-2. According to the description of AP1000 PSAR,v the explosively actuated valves are used in the
ADS system;, IRWST and recirculation sump. Till now, we have not gotten any associated
qualification information, it is said that the valve qualification will be finished around Sept. 2010.
For the qualification of these valves, are there any requirements raised by NRC?

Since the explosively actuated valves are important safety related valve, we care about the valve’
performance when the accident happens. Please introduce whats NRC most atiention paii on
such valves, what is the most. important affect of this valve. Please explain which parts or
compornien: of the valve are critical for the function, and lisi the fail mode of these explosively
actuated valve 1 make sure that the valve will perform the safety function succes.sﬁdly auring or
after the accident. '

ANSWER: The NRE requires that the squib valves be adequately designed, constructed, and
tested to demonstrate they will fulfill their necessary safety function. This includes requirements



to meet the ASME Code to ensure adequate structural integrity, to have a safety-related power
actuation system, and to undergo qualification testing to demonstrate that the valves will reliably
perform their safety function under the most limiting design operational and accident conditions.
The NRC plans to review and observe some qualification testing that is currently scheduled for
later in 2009. Ultimately, the NRC will need to be satisfied that all aspects of the qualification
have been properly performed, including verifying that the valves are fully capable of opening on
demand under the necessary fluid temperature, differential pressure, and flow conditions.

5-3. The applicant explains that explosively actuated valve has been successfully used in BWR in
USA, the further question is that: Are explosively actuated valve used in BWR important safety
related valve? If they are safety related valve, how much is the inspection test frequency? Does it
also follow the requirement of ASME OM-one times every two years (for detail see ASME OM) ?
In AP1000, since the explosively actuated valve is important safety related valve, whether NRC
raised the requirement to increase the inspection test frequency?

ANSWER:  The squib valves used in currenﬂy operating US BWRs perform a safety-related
function in actuating the Stand-by Liquid Control System, which. is necessary for shutting down
the reactor during certain postulated events. The inspection test frequency is determined by the
ASME OM Code, which is that at least 20% of the squib charges must be tested by firing them
every two years, with all charges required to be tested within the qualified life, not to exceed 10
years. If any charges fail, all charges in that batch are required to be replaced with those from
another batch that has been tested. The squib valves in the AP1000 design will be required to be
tested according to the ASME OM Code requirements.

5-4. According to the AP1000 PSAR, the fluid from the RNS over pressure safety valve will be
discharge into the steam generator compartment directly. We think this will lead to contaminate of
the SG compartment. In order to avoid the peopled harmed by radiation during maintenance and
inspection period and reduce the cleaning time, the associated cleaning and protection
requirement should be involved in the administrative procedure. Did NRC raise any question and
requirement on such issue? .
ANSWER: The DCD (Figure 11.2-2) shows the discharge of the RNS safety valve as being
~ routed to the containment sump, not to the steam generator compartment. .

5-5. About main pump unit:

1) The accumulative time of AP1000 main pump model test is set to be 500 hours, is this accord
with the US NRC criteria requirement? Please indicate the criteria number and the page number:
2) Is the flywheel s 125% over speed running test reasonable, which is operated alone in air in the
canned motor pump model test and product test? Whether the US criteria require the flywheel
.Should run the 123% over speed test in the running medium together with the rotor or not?
ANSWER: Currently, the U.S. criterion for testing the flywheel is to perform 2 spin test at the
design overspeed (typically: 125% of normal operating- speed).. Therefore, the AP1000 flywheel
125% overspeed test is reasonable and can be performed in any medium.  The spin test is to _
verify the integrity and capability to withstand design overspeed of the fabricated flywheel.

3) How long is the duration of the main pump units durability running test according to US NRC

requirement?



4) What are the test requirements of the lost of external cooling water of canned motor pump
refers to US criteria?

(Chapter 5 and 6, Ms. Zhang Yue)
5-6. Please explain the reasons that the 1989 edition, 1989 addenda of ASME code is used for
articles NB-3200, NB-3600, NC-3600, and ND-3600 in lieu of later editions and addenda.

5-7. The screening criterion for PTS in 10CFR50.61 is used for AP1000, the criterion is based on
the risk evaluation of the old NPPs, but AP1000 is newly designed, please explain why the
criterion is valid for AP1000. 4

ANSWER: NRC did not believe it wasﬂ necessary to revisit the PTS issue for AP1000 even
though some of the transients aﬁectingvPTS are different. The reasons include the following:

- The original PTS rule as stated in 10 CFR 50.61 is based on detailed risk analysis and the
consideration of large number of transients. Current PTS analysis used highly
conservative assumptions in arriving at PTS screening criteria.  These conservatisms
were discussed in detail in the preparation of the proposed PTS revision 10CFR50.61a.
Because of the differences in AP1000 transients with current PWRs, NRC decided not to
use the proposed revision to the PTS rule in 10 CFR 50.61a for the AP1000.

- In addition to the in-built conservatisms of 10 CFR 50.61, the AP1000 vessel will
e. Be built with much better materials, specifically, beltline materials will have

very low Cu, N1, P.
f.  Have a diameter and thickness that are similar to current PWRs,

]

Will not have any axial or longitudinal welds in the beltline region. - Welds
are the major source of flaws.

'h. Have an additional neutron shield that will réduce the projected cumulative
fluence compared to current PWR vessels.

In summary, RTprs values for AP1000 for 60. years are projected to be well below 270° F, which is
the current PTS screening criterion for forgings.

Therefore, considering the AP1000 vessel materials and projected cumulative fluence up to 60
vears as described above, the use of current PTS screening criteria 1s justified. The staff does not
believe any.additional studies on the applicability of the current PTS rule for the AP1000 is

warranted.

5-8: For .inservice inspection of class 2 and 3 components, is ii required that ultrasonic
examination system is qualified in accordance with. requirements of ASME Section XI, Appendix
VI |

ANSWER: For Class 3 components, no volumetric examinations are required.. For Class 2
components such as welds and -bolung/studs, the procedures, equipment, and personnel must be



qualified in accordance with ASME Section XI, Appendix VIII. Refer to Mandatory Appendix I,
Article 1-2000 for exclusions.

5-9. Please introduce IST and IST program of snubbers and their review requirements.

ANSWER: The NRC regulations in 10 CFR 50.55a require U.S. operating nuclear power plants
to meet the ASME Code for Operation and Maintenance of Nuclear Power Plants (OM Code) with
some additional requirements in performing inservice testing of pumps, valves, and snubbers.
The NRC staff will be prepared to discuss any specific questions and provide additional details on
the regulatory requirements for periodically assessing the operational readiness of pumps, valves,
and dynémic restraints at nuclear power plants; IST provisions in the ASME OM Code; operating
experience with IST programs at U.S. nuclear power plants; research activities related to valve
qualification and performance; regulatory communications related to IST activities; industry
actions in response to IST regulatory communications; results of NRC and industry activities to
improve IST programs; NRC review of IST program descriptions in Design Certification and
Combined License (COL) applications, including IST programs for snubbers; and NRC inspection
of IST programs developed and implemented at new reactors following COL issuance.

(Chapter 6, Mr. Chai Guohan)

6-1. As regards the design of PRHR of AP1000, whether can it meet the requirements requested in
GL-2008-01, whether has any justification report about AP1000 design been submitted to NRC as
a response to GL-2008-01.

ANSWER: GL-2008-01 was published after the AP1000 design certification. Therefore, there
is no justification report about AP1000 design submitted as a response to GL-2008-01. However,
the concern of GL-2008-01 on the gas accumulation in the emergency core cooling systém and
decay heat removal system is considered in the AP1000 design. The AP1000 design includes
high point vents in the passive core cooling system (PXS) lines as a means for venting of the lines,
and. there are fili and Ve_ntihg procedures for the removal of air from ‘the PXS system. For
example, for the PRHR heat exchanger, there is a vertical pipe stub on the top of the inlet piping
high point that serves as a gas collection chamber. There are level indicators to indicate when
gases have collected in this area. There are provisions to allow the operators to open manual
valves to locally vent these gases to the IRWST.

6-2. Please explain whether the Nitrogen dissolved in the water in accumulator has -been
considered in the AP1000 design. How to consider the impact of the dissolved nitrogen (can
release from the SI flow of the accumulator) to the performance of PRHR (especially during and
after MSLB). A )

ANSWER: A main steam line break would result in the cooldown of the reactor coolant systern,
which in turn causes a positive reactivity insertion due to a negative moderator temperature
coefficient. If the most reactive RCCA is assumed to be stuck in its fully withdrawn position
after reactor trip, there is ‘an increased- possibility that the core becomes critical and.returns to
power. The core is eventually shut down by the boric acid solution delivered by the core makeup
tanks and the accumulators of the passive core cooling system. The PRHR provides a passive,
long-term. means of removing the core decay and:stored heat by transfer heat through the PRHP. .

heat exchanger to the IRWST during the MSLB event. - (The concern on a MSLB is the potential



return to power resulting from a rapid cooldown. The actuation of the PRHR adds the potential
for return to power by enhancing the cooldown rate.  As such, the MSLB analysis conservatively
assumes the PRHR actuation at beginning of the event to maximize the cooldown.)

During a MSLB event, the accumulator injection starts when ‘the reactor coolant pressure falls
below the accumulator nitrogen set pressure, and stops when the two pressures reach equilibrium.
The accumulator does not empty, and there is no injection from the cover nitrogen. The
dissolved nitrogen released from the portion of the accumulator boron solution injected into the
RCS could potentially enter the PRHR, degrading the PRHR heat removal capability. The
impact of the dissolved nitrogen depends on the initial nitrogen concentration in the accumulator
boron solution, nitrogen solubility, the amount of the accumulator boron solution injected into the
reactor coolant system, and the distribution of the released nitrogen in the RCS during the MSLB

event.

6-3. Comparing with the Traditional PWR design, the design function and location of
Accumulators of AP1000 remain the same as that of Traditional PWR. The quality group of
Accumulator of Traditional PWR is group B (ASME class 2), but the quality group of Accumulator -
of Sanmen NPP is group C (ASME class 3), is it acceptable? : ‘
ANSWER: As discussed in section 3.2.2 of the FSER (p3-5), the NRC found the quality group
classification acceptable. ‘

Quality Group C is an acceptable alternative to Quality Group B for the Passive Core Cooling
System Accumulators, provided enhanced nondestructive examination is used during construction
to ensure quality requiremen.ts.‘ As identified in the AP1000 FSAR and FSER, this is an
acceptable exception to RG 1.26 considering that full radiography will be performed on the butt
welds during construction in accordance with the ASME Section HI, ND-5222 full radiography
option.

6-4. Please introduce the design features of AP1000 to solve GSI-191, and explain the status of the
NRC safety review of AP1000 in this field.

ANSWER: The applicant has submitted numerous documents to address GSI-191 in recent
months. These documents are still under review. The NRC staff 1s not ready to state a position
at this point, however, we would be happy to discuss with you our concerns.

6-5. As regards the downstream effects of sump screen, comparing AP1000 with traditional PWR .
design, the traditional PWR will only permit debris small than the sump screen size get inio the
reactor coolant system, but according to the design of AP1000, the debris larger than sump screen
size (0.125") can get into the reactor coolant system through the break during and afier LOCA if
. the break is located in the RCS main pipe, that will exceed the envelopment of the downstream
effect analysis after LOCA for traditional PWR. Whether AP1000 have provided specific
downstream effect analysis repori?

ANSWER: Westinghouse has provided a technical report (TR 26) that mcludes an ana1y51s of
the downstream effects of the estimated. larger debris that could en;er a postulated break of the
direct vessel injection piping. The staff nas identified several issues’ with the Westinghouse



analysis and is requesting additional information regarding both the quantity and characterization
of the debris and its effects on downstream components.

6-6. Comparing with the traditional PWR, during long term cooling phase of AP1000 after LOCA,
there is onfy natural circulation flow pass through the core (vessel) in the design of APj 000, and
only steam will release from ADS-4 or break. So, how to prevent boron precipitation in the
AP1000 reactor vessel during long term cooling afier LOCA. Are there any specific experimental
data to support the analysis (Verification and Validation)?

ANSWER: Boron precipitation was discussed in section 15.2.7 of the FSER.

[SRSB] The AP1000 post-LOCA long-term cooling boron precipitation is discussed in AP1000
FSER (NUREG-1793), Sections 15.2.7.3 and 15.2.7.6.2. There is no specific experimental data
to support the analysis. FSER Section 15.2.7.6.2 describes the independent NRC staff evaluation
of the AP1000 boric acid precipitation.

(Subsection 6.4, Mr. Xiao Jun) ,

6-7. As for the VES in AP1000 NPF, when it is started, the temperature in MCR rise gradually
within 72h, if there are any limits for the temperature in MCR during the period? How to judge if
it is acceptable? .
ANSWER: Depending on the external conditions, the MCR may heat up following actuation of
the VES. The applicant has calculated the péak temperature under a conservative set of external

conditions. The applicant calculated temperature increases and these were accepted by the NRC. ’

6-8. Which standard approved by NRC to judge if the healthy condition and breathing condition
are satisfied? If other country’s standard has different requirements on the item, how to make the
Jjudgement? How fto confirm that the positive pressure (1/8inch water column at least) can be
achieved in MCR. What is the base for the value 1/8inch water column at least? If all of the
American NPP satisfv the requirement? .

ANSWER: We would be happy to discuss your concerns with you at the meeting.

(~Chapter 7, Mr. Wang Zhongqiu)

7-1. the design of the PAMS

As per the requirements of RG1 .97, the reactor vessel level measurement and the containment

hydrogen concentration measurement should be category I parameters, but in Sanman design

(AP1000), these parameters are not category 1. _

In the reply of PLQI1-729, it is mentioned, Regulatory Guide 1 .97 Revision 3 states that the range

Jfor coolant inventory be from the bottom of the hot leg to the top of the reactor vessel. On AP1000

this is accomplished by using pressurizer level and hot leg level to cover the range Jrom the

bottom of the hot leg to the top of the vessel. Pressurizer level is a categbry I variable and hot leg

level is-a category 2 variable. '

For the hot levél mieasurement, ‘we think it should be category I, because it realizes. the part

Jfunction of the measurement of the reactor coolant inventory. But in the reply of the PLO2-148, it

is stated, The Critical Safety Functions (CSF) for the API000 do not rely on the reactor vessel hot
- leg level measurement. Therefore, it is not-required to be a Category 1 variable. It is classified as

Caregory 2 because it provides useful backup information regarding core cooling and Category.3



for reactor coolant inventory because of its even less important role for that CSF.

ANSWER: With regard to the Sanmen plant ‘design, the staff is unable to comment, however
can offer guidance with regard to the interpretation of USNRC Regulatory Guide (RG) 1.97
Revision 3, upon which the AP1000 power plant design is certified.

Your question and interpretation of RG 1.97 surrounding the Westinghouse Electric Company
(WEQ) response pertaining to the quality of the measurement channels for both pressurizer level
(Lpzr) and the hot leg level (LTyor) is valid. Within RG 1.97 it states, that an item may fall into

more than one singular category and/or classification.

As such, after reading Table 3 of RG 1.97, the Type B variable as it relates to the “Core Cooling”
subcategory of “Coolant Inventory” category recommends that it possess a required range form
“Bottom of hot leg to top of vessel” and the category listed for that function is “Category 1.
Therefore, you are correct in presuming that since the range extends to the bottom of the hot leg
(Twot), the guidance suggests the LTyor instrument channel should meet Category 1 requirements,
per RG 1.97 Revision 3.

However, given that WEC designed the LTyor instrument to meet WEC’s Category 2 requirements
and not those specifically called out in RG 1.97 Revision 3, based upon the text from WEC’s
design control document (DCD), it is our understanding the NRC will require WEC to ensure the
LTyor instrumentation channels will be designed to meet certain electrical, environmental and
seismic criteria.  (Please note the underlined passage in the following text.).

From Chapter 7, Instrumentation and Controls, Section 7.5 Safety Related Display Information:
7.5.2 Variable Classifications and Requirements

Accident monitoring instrumentation is necessary to permit the operator to take
actions to address design basis accident situations and for unforeseen situations
(should plant conditions evolve differently than predicted by the safety analyses, the
control room operating staff has sufficient information to evaluate and monitor the
course of the event). Additional instrumentation is needed to indicate to the
operating staff whether the integrity of the fuel cladding, the reactor coolant pressure
boundary, or the reactor containment has degraded beyond the prescribed limits
defined in the plant safety analyses and other evaluations.

Six types of variables are classified to provide this instrumentation:

e Variables that provide information needed by the operator to perform manual
" actions identified in the operating procedures associated: with design basis
accident events are designated as Type A. These variables are restricted to
" preplanned actions for design basis accident events. '



e  Variables needed to assess that the plant critical safety functions are
accomplished or maintained, as identified in the plant safety analysis and
other evaluations, are designated as Type B. -

e Variables used to monitor for the gross breach or the potential for gross
breach of the fuel cladding, the reactor coolant pressure boundary, or the .
containment are designated as Type C.

e  Variables needed to assess the operation of individual safety-related systems
are designated as Type D.

e  Variables used in determining the magnitude of the postulated releases and
continually assessing releases of radioactive materials are designated as Type
E.

»  Variables that provide information to manually actuate and to monitor the
performance of non safety-related systems to prevent unnecessary actuation

of safety-related systems following plant events are designated as Type F.

The six classifications of variables are not mumally exclusive. When a variable is
included in one or more of the six classifications, the equipment monitoring this
variable meets the requirements of the highest category identified.

Three categories of design and qualification criteria are used. This classification is
made to identify the importance of the information and to specify the requirements
placed on the accident monitoring instrumentation. Category 1 instrumentation has
the highest performance requirements and is used for information that cannot be lost.
Category 2 and Category 3 instruments are of lesser importance in detérmining the
state of the plant and do not require the same level of operational assurance.

The primary differences between category requirements are in qualification,
application of single failure, power supply, and display requirements. Category 1
requires seismic and environmental qualification, the application of a single-failure
criterion, use of emergency power, and an immediately accessible display. Category

2 requires environmental and seismic qualification commensurate with the required

function. It may require emergency power, but does not require the single failure
criterion or an immediately accessible display. Category 2 requires a rigorous
performance verification for a single instrument channel. Category 3, which is high
quality commercial grade, does not require qualification, single failure criterion,

emergency power, or an immediately accessible display.

WEC has also demonstrated the commitment to have two LTyor channels available during normal
operatidﬁ, Awhich, does not meet exactly the single failure criteria (SFHC)_" within 10 CFR 50
Appendix A Criterion 21 and IEEE 603199 1 however it does ensure that 4 s_inglé point of failure
is not created by having only one channel for this parameter in the plant design. Given that the
AP1000 is designed to operate in a passive fashior and its automatic depressurization system

ADS) is designed to passively facilitate a core flooding event to keep the core covered with water
g P y 2 P



under all postulated failure modes, the NRC found the more stringent requirements of the LTyor
variable meeting Category 1 guidance of RG 1.97 was deemed “not required”.
********************* : .

The rationale for why the containment hydrogen concentration-is not a category 1 parameter is
that the US NRC has removed the design-basis LOCA from consideration in 10 CFR 50.44 and at
the same time as a result are relaxing the safety classifications of the design and qualification of
the hydrogen monitoring and control @stems.

If the AP1000 design of PAMS is appropriate or not

ANSWER: Based upon our research, we understand your confusion as to why, when per RG
1.97, Revision 3 calls for the H, monitoring equipment to be Category 1, WEC relates they have
designed their equipment to be Category 3 and offer that the USNRC has certified this design as
acceptable. .

The confusion may lie in the disconnect between the current revision of 10 CFR 50.44, published
in 2003 which used information contained within several post accident studies and differing
application techniques (risk-informed versus risk based methodologies) and Revision 3 of RG
1.97, published in 1986, which utilized a highly prescriptive methodolo’gy in determining what
post monitor/ing equipment was required with a given set of restrictive and stringent
characteristics. '

The RG 1.97 guidance, although not a requirement in itself, provides one acceptable method
which details what critical design and reliability (quality) characteristics may be present in the
instrumentation in order for it to meet the NRC’s acceptance criteria.

The complete answer reveals that via information contained within WEC’s Appendix D of Chapter
19 of their DCD (Equipment Survivability Assessment) and Appendix D of the AP1000 PRA
provided sufficient information for the NRC technical reviewer to conclude that utilizing Category
3 equipment in the H; monitoring equipment is acceptable. This information is presented in
Section 6.2.5.4, Section 7.5 and Chapter 19 of Revision 15 of the AP1000 DCD.

After reviewing 10 CFR 50.44, Combustible gas control for nuclear power reactors, the
requirements of Section c) are given below. Refer you to items ¢) (3) and (4) (ii) that deal with
equipment survivability and H, monitoring equipment. ‘

c) Requirements for future water-cooled reactor applicants and licensees.* The
requirements in this paragraph apply to all water-cooled reactor construction permits
or operating licenses under this part, and to all water-cooled reactor design approvals,
design certifications, combined licenses or manufacturing licenses under part 52 of this

chapter, any of which are issued after October 16,2003,

(1) Mixed atmosphere. All containments must have a capabilify for ensuring a mixed

atmosphere during design-basis and significant beyond design-basis accidents.



(2) Combustible gas control. All containments must have an inerted atmosphere, or
must limit hydrogen concentrations in containment during and following an accident
that releases an equivalent amount of hydrogen as would be generated from a 100
percent fuel clad-coolant reaction, uniformly distributed, to less than 10 percent (by
volume) and maintain containment structural integrity and appropriate accident
mitigating features.

(3) Equipment Suhzivabilfty. Containments that do not rely upon an inerted atmosphere
to control combustible gases must be able to establish and maintain safe shutdown and
containment structural integrity with systems and components capable of performing
their functions during and after exposure to the environmental conditions created by
the burning of hydrogen. Environmental conditions caused by local detonations of
hydrogen must also be included, unless such detonations can be shown unlikely to
occur. The amount of hydrogen to be considered must be equivalent to that generated
from a fuel clad-coolant reaction involving 100 percent of the fuel cladding

surrounding the active fuel region.

(4) Monitoring.

(i) Equipment must be provided for monitoring oxygen in containments that use an
inerted atmosphere for combustible gas control. Equipment for monitoring oxygen
must be functional, reliablé, and capable of continuously measuring the concentration.
of oxygen in the containment atmosphere following a significant beyond design-basis
accident for combustible gas control and accident management,'including emergency

planning.

(ii) Equipment must be provided for monitoring hydrogen in the containment.
Equipment for monitoring hydrogen must be functional, reliable, and capable of
continuously measuring the concentration of hydrogen in the containment atmosphere
folloWing a significant beyond design-basis accident for accident management,

including emergency planning.

? The requirements of this paragraph apply only to water-cooled reactor designs with
characteristics (e.g., type and quantity of cladding materials) such that the potential for
production of combustible gases is comparable to light water reactor designs licensed
as of October 16, 2003. '

Based upon 10 CFR 50.44 and its associated Federal Register: Statements of Consideration, which
provide the reader with the thought process behind the creation, alteration and / or, deletion of &
given Jaw, regulation or requirement, there is considerable discussion revealing wily the reference
to a design basis loss of coolant accident (LOCA) was removed. Namely research had shown
that a design basis LOCA was not the “worst case scenario” as it related to H, production in the -
containment buildihg.' The reé‘éarch_ demonstrated a severe dccident 'with:‘a postulated core melt

created the h{ghest H, concentration level within the containment, not a design based LOCA.



Therefore, due to the summation of the swdies dealing with post accident containment
environments the new revision of 10 CFR 50.44 no longer mentioned the effects of a design basis
LOCA on H, concentration within the containment environment. As the new data supporting the
“worst case scenario” lent itself towards a condition beyond design basis, the concept of
risk-informed regulation (utilizing inputs from both risk analysis and a deterministic review
methodology to demonstrate soundness of concept or design approach) it was determined the

~ equipment associated with H, monitoring were no longer required to be safety related (effectively
Category 1) or “of sufficient quality” (Category 2). o

Due to the analysis provided by WEC in their design control document (DCD) which dealt with
survivability of equipment before, during and after severe accidents (Appendix D of Chapter 19
within the DCD) the NRC accepted there was an extremely low likelihood of all required H,
control systems failing simultaneously in order for an uncontrolled H, concentration or explosion
to occur in the AP1000 design. Put another way, the NRC accepted WEC’s argument that the
AP1000 H, Monitoring System would be acceptable as presented as Category 3 equipment.

7-2. The design of ATWS : .
The applicdnt stated in the reply of PLO2-252 that the equipment perforning the ATWS function is
non-seismic.

In China, the equipment performing the ATWS is seismic I, we want to know the real situation in
USA, and this design is accepted or not.

ANSWER: The purpose of an anticipated transient without scram (ATWS) system is to reduce
the likelihood -of failure of the reactor protection system to shut down the reactor (scram)
following the unlikely occurrence of an ATWS event. The system is designed to mitigate the
consequences of an ATWS event. '

By federal regulation, an ATWS event is considered a beyond design basis event and ATWS -
equipment is not required to remain functional during and following design basis events. As the
ATWS system is complementary to the safety related reactor protective system (RPS) it was
determined the ATWS system should be designed to perform its function in a reliable manner, but
it does not have to meet the requirements of being safety related. The ATWS equipment is
considered non-safety-related equipment whose quality assurance controls have a lesser safety
significance (i.e. no safety-related = seismic requirement)' when compared to safety-related

equipment.

Further, under the Federal Register’s Statements of Consideration, which provide background
information ‘which further detail the thought process behind the rule, it states”

“Since the combination of ah anticipated operational occurrencs, failure of the
existing reactor trip system, and a seismic event or an event which results in
significant plant damage has a low probability, seismic qualification and physical

separation criteria need not be applied to the equipment-required by this rule.”



The ATWS rule played a role in iricreasing the power plant’s overall diversity thereby lowering the
overall risk to the plant due to an ATWS, but it was deemed not necessary to require the ATWS
system to perform a safety function as the reactor protective system was already designed to fulfill

this requirement.

(Subsection 9.4, and 9.5.1, Mr. Xiao Jun)

9-1. If the site parameters (such as meteorologic parameter, water temperature) are beyond the
limits set by DCD, usually how to deal with? If NRC would reguest the utilities to modify the
design or to demonstrate that the design is still valid under such site parameters?

ANSWER: If the site parameters for a particular site are not within the bounds of the DCD, it is
the responsibility of the COL applicant to demonstrate that the design s still valid, or to propose
suitable modifications such that the design would meet NRC requirements with those site
parameters.

9-2. In USA, during the period that HVAC could not guarantee the indoor room parameters due to
the choice of outdoor design parameters, if there are any specific operation procedures adopted by
NPP to deal with it? '

ANSWER: A little more explanation may be necessary to answer the question. We would be
happy to discuss with you our concerns. :

9-3. 4s for the max postulated fire, if the water volume calculated by 2h multiply the max fire
“water rate ave much less than 300000gal required by SRP9.5.1 and RG1.189, if we still should
abide by the requirement?

ANSWER: Yes, but generally all fire water storage tanks for US nuclear plants are at least
300,000 gaﬂons each. '

9-4. In USA, before the fire pumps start up, if there are water tanks used to stabilize the fire water
system s pressure and provide the fire water at the initial stages.

ANSWER: All systems include a “jockey” pump that draws suction from the fire water storage
tank and operates automatically on low pressure in the system header to maintain a standby
pressure of about 30-50 psig with a flow of approximately 50 gpm. The pump starts and stops in
response to system header pressure.

9-5. In SRP, the fire resistance of fire compartment is 3h, whereas in French standard the fire
resistance of fire compartment is 1.5h at least. We suppose that American standard are more liable
to non-active fire protection measures in the designing of NPF. At the same time, in American
standard, the fixed fire protection measures should be set for the room which have fire load above
80000BTU/f’(~800 MJ/m’), which is 2 times to the French requirement 400MJ/m’. So we deduce
that the requirement for setting fixed fire protection measures in American NPP are lower than in
French NPP. Please explain the base for the value 80000BTU/f(~800 MJ/m’) - ;

ANSWER: The fire barrier rating is not strictly based on numerical fire loading data. Because
of the variability-in fire loading throughout the plant, the NRC chose .a conservative rating of
3-hours to cover the worst expected cases and have applied.that criteria’ for all' areas important to

safety. Use of a single fire rating for all safety related areas provides a more straightforward



design and regulatory basis.

9-6. Please provide and explain the method for the calculating the parameters such as fire
duration, fire temperature in Fire Hazard Analysis. And explain the applicable field of the method.
If the method can be applicable to various types of nuclear facilities such as NPPs, fuel
manufacturing factory, fuel reprocessing plants, and research reactors?

ANSWER: The staff does not require calculations of fire parameters for the fire hazards
analysis. If the guidance provided in RG 1.189 is followed, calculations are not necessary.
Some applicants use fire loading to determine whether automatic suppression should be provided,

but there are no NRC regulatory requirements based on calculated fire parameters.

9-7. Please introduce the application of fire dynamic tool in USA. If there is any relating software?
ANSWER: As noted above, the fire dynamic tools are not necessarily required to license a new
reactor. However, the staff can provide experts on the application of fire modeling tools to
discuss this issue with the delegation. .

9-8. Please explain in detail how io satisfy the air duct requirement “Properly hung and
adequately firestopped”, then it can have 1h fire resistance. '
ANSWER: There are approved designs for duct penetrations. An approved fire damper is
installed inside the duct and the outside is configured to prevent the passage of fire through the
gap between the outside of the duct and the wall opening. Fireproofing is included for duct
supports near the penetration so that the fire will not cause the duct to fall and damage the
penetration closure.

9.9. Please explain in detail what kind of the fire disposal of the redundant trains can be
acceptable inside the MCR and containment, in which fire comparments are not suitable to be
built '

9-10. If some margin should be considered in choosing the fire resistance of the fire compartments?
10% or more?

ANSWER: As noted above, the fire rating of the barriers around fire areas are 3-hour rated and
not calculation is performed to establish this rating. For compartments within a fire area where
an applicant performé calculations to justify a lesser barrier rating, margins are expected. 10% is
low due to the level of uncertainty associated with fire model calculations. Margins should be
higher.

9-11. What kind of fire extinguishing medium are selected usually in portable extinguishers in
MCR.

ANSWER: The staff does not have any specific requirements for the type of extinguisher other
than- that tne\ be in ‘accordance with NFPA 10 anc-appropriate for the combustibles in the area.
Most of the standard types have been used in existing plants including carbon &ioxide, dry
chemical, and water. '

(Subsection 9.5.1 Fire fighting, BINE, Ms. BaiJinhua)



9-12. In NRC evaluation report 9.5.1.5.c mentioned “the location of safety-related equipment and
routing of Class IE electrical cable in separate fire zones enhances the separation of redundant
safe-shutdown components”, please explain what kind of measures are adopted for fire zone to
guarantee this function.

ANSWER: One or more of several measures can be applied to provide protection, including
separation by distance with minimal intervening combustibles; partial barriers, including cable
electrical raceway fire barrier systems; and radiant energy shields.

9-13. In NRC evaluation report 9.5.1.5.a mentioned “openings through fire barriers for pipe
conduit and cable trays are sealed with noncombustible materials to provide a fire resistance
rating equal to that required by the barrier”, please explain why NFPA804 in chapter 6.1.3.2 fire
resistance rating of fire door is less than the fire resistance rating of fire barrier?

ANSWER: This is a US industry convention based on the assumption that no combustible
materials will be located against a doorway since it is used as a thorouOhfare Consequently, a
fire is less likely to spread through the door to the adjacent fire area

(Chapter 11, Mr. Wu Hao)

11-1. For the source terms, please provide:

1) The basic key parameters used for the tritium source term calculation in the primary coolant
water and describe the control methods in the API1000 design for the potential tritium
contamination, such as the writium concentration control value (maximum value and the average
value) in the primary coolant water, the ventilation design in the reactor building;

2) The transient source terms,

3) The basis to determine the mﬂuence of reactor coolant corresion products activity
concentration after zinc addition,

4) The issue about Nuclide release coefficient which used in calculation the fission product activity
in the reactor coolant,

5) The source terms based on 1.0 percent fuel defects, and demonstrate how the WLS and WGS
have the capability to process wastes based on 1.0 percent fuel defects.

(Chapter 11, BINE, Ms. BaiJinhua)
11-2. What is the acceptable contact dose rate limit of radwaste package in American near surface
disposal repository?

11-3. Chemical liquid waste and spent resins (category A, B and C) is dried and hot compacted in
160L steel drum, then the waste pallet is filled in 200L steel drum and grouted is acceptable the

waste package in American near surface disposal repository?

(Chapter 12, Mr. Chen Xiaoqiu)

12-1. According to'the requirement of Chinese standard (Basic standaras Jor protection against -
ionizing radiation and for the safety of radiation soutces)) (GB18871-2002) ., for occupational
exposures, the applicant should provide an individual dose constraint, a risk. constraint for
potential exposure, and a design target for radiation protection.

We want to know whether there are similar requirements of the radiation protection design for



NPP in USA and what is the NRC position for this issue.

12-2. According to the requirements of GB18871-2002 and IAEA BSS 115, radiation area is
classified into controlled area and supervised area to radiation protection management and
occupational exposure control: '

(1) Supervised area

(a) Registrants and licensees shall designate as a supervised area any area not already designated
as a controlled area but where occupational exposure conditions need to be kept under review
even though specific protection measures and safety provisions are not normally needed.

(2) Controlled area

(a) Registrants and licensees shall designate as a controlled area any area in which specific
proteciive measures or safety provisions are or could be required for controlling normal exposures
or preventing the spread of contamination during normal working conditions and preventing or
limiting the extent of potential exposures

(b) In determining the boundaries of any controlled area, registrants and licensees shall take
account of the magnitudes of the expected normal exposures, the likelihood and magnitude of
potential exposures, and the nature and extent of the required protection and safety procedures.

(c) For large scale controlled area, if exposure and contamination level change obviously in
different region, different specific protection or safety measures are required. If necessary, sub
zone should be classified to facilitate management.

According to above provisions, the applicant is required to demonstrate whether radiation zones
of NPP meet those requirements mentioned above. In addition, the applicant should assure that
20 mSvia of individual dose limit for occupational exposure is not exceed according to
GB18871-2002.

Because of the different dose limitation between USA and China, whether the radiation protection
design (including design for confinement and shield as well as radiation zoning) should be
changed? '

12-3. PSAR of Sanmen NPP.describes access control measures to radiation work place in the
normal operation and shutdown condition. These control measures should be consistent with
radiation zoning. '

Whether the applicant should provide the physical control measures in Zone II and Zone IIT?

(Chapter 13.3 Emergency Plan, Mr. Chen Xiaoqiu)

13-1. Results of evaluation of emergency planning for evolutionary and advanced reactors show.
that no changes to EP requirements are warranted because the potential consequences of severe
accidents associated with evolutionary and passive advanced LWRs are similar to that for current
reactors.

However, The NRC staff, recognizes that the industry has made a significant effort to make the
evolutionary and passive advanced LWRs safer than curren: designs, and that changes to EP
requirements may be warranted if the technical criteria for EP requirements were modified to
account for the lower probability of severe accidents or the longer time period between accident
initiation and release of radioactive material for most severe accidents dssociated with

evolutionary and passive advanced LWRs.



We want to know what are the new technical criteria for EP requirements and how to demonstrate
that the use of increased safety in one level of the defense-in-depth framework to justify reducing
requirements in another level.

For API1000 and HTGR reactor, under what conditions, if any, can emergency planning zone be
reduced, including a reduction to the site exclusion area boundary?

- ANSWER: There are no plans to reduce the emergency planning zone for the AP1000 plants.
The topic of changes in emergency planning for advanced reactors is still under evaluation.

(Subsection 13.6 Physical Protection, BINE, Ms. BaiJinhua)

13-2. How to determine these vital targets of physical protection system based on AP1000
_Probability of Safety analysis data? Please list the vital targets-(important equipment in nuclear
island). '
ANSWER: Due to the sensitive nature of this information, no written response is provided.

13-3. Please provide the methodology of AP1000 physical protection system validity and the
weakness analysis conclusion.

ANSWER: Due to the sensitive nature of this information, no written response is provided.

(Chapter 14, Mr. Chai Guohan)

14-1. As per the requirement set forced in I0CFR52.79, the COL Applicant should provide specific
ITAAC for specific NPP. In addition, as per the requirement set forced in 10CFR52.99, the
Applicant should provide the schedule for completing ITAAC. Whether have Bellefonte nuclear
power units 3 and 4 provided specific ITAAC?

ANSWER: The Bellefonte application provides specific ITAAC for emergency planning and
incorporates the AP1000 DCD ITAAC. For other SSC, they concluded that no site;speciﬁc
ITAAC were needed,

14-2. Whether the concept of first plant only test and first three plant test is acceptable to NRC.
ANSWER: NRC staff approval of first-plant-only and first-three-plants testing is documented in
Section 14.2.5.1 of NUREG-1793 “Final Safety Evaluation Report Related to Certification of the
AP1000. Standard Design.”  Sections 14.2.5.1.1 “First-Plant-Only” Tests and 14.2.5.1.2
“First-Three-Plant Tests” identify the test abstracts that meet these criteria.

14-3. According to the NRC Information Notice 88-47, there are two approaches to perform
control rod drop time test, the previous methodology called for the interruption of power to cach
individual drive mechanism, the new test methodology requires the interruption of power to the
rod drive mechanisms for all rods simultaneously by means of the reactor trip breakers. The test
result of later is relatively longer. Which approach is used to perform control rod drop time test for
traditional PWR now in the U.S? And which approach will be used to-perform control rod drop.
time test for AP1000 NPP? -

ANSWER: Plant TS surveillance requirements generally do not specify whether the rod drop
time test be performed with interruption of power to each individual drive mechanism or all drive
mechanism simultaneously. The operating PWRs in the U.S. generally perform the rod drop
time test with the power interruption to one individual drive mechanism-at.a time. This approach



is consistent with the test method specified for the AP1000 design in FSAR Section 14.2.10.1.14,
“Rod Drop Time Measurement.”

NRC Information Nétices (IN) are issued to alert addressees of potentially significant issues at
their facilities. Addressees are expected'to review the information for applicability to thé_ir
facilities and consider actions, as appropriate, to avoid similar problems. . However, suggestions
contained in information notices do not constitute NRC requirements and no specific action or
written response is required. In NRC Information Notice 88-47 “Slower-Than-Expected Rod-Dfop
Times”, the NRC described a potential problem associated with a licensee’s inability to meet
Technical Specification regarding maximum drop time for control rods. The event occurred at a
Combustion Engineering PWR but its applicability to other PWRs, including Westinghouse PWRs,
was not established. Control rod drop time measurement testing during initial startup for
traditional PWRs in the U.S. typically involve the interruption of power to each individual rod
cluster assembly.

For AP1000, the drop time measurement 1is performed one RCCA at a time, as described in DCD
Tier 2, Subsection 14.2.10 Startup Test Procedures, and item 14.2.10.1.14, “Rod Drop Time

Measurement.”

(Chapter 15, Ms. Chen Zhaolin)

15-1. Non-safety-related sysfems and components assumed in design-basis accident analysis
According to the requirement of HAD102/17 and the traditional assumptions used in accident
analysis, one of the rules for design-basis accident is that only safety-related systems and
components. can be used to mitigate the accident cownsequence, the mitigating actuation of
non-safety-related systems and components is not credit. However, several non-safety-related
backup protection systems and components are used to mitigate the consequence of design-basis
accident analysis in AP1000. NRC staff concludes that it is acceptable after reviewing, becduse'
the actuation of these non-safety-related Systems or components are simple and reliable and
included surveillance requirements (SRs) and limiting conditions for operdtion. (LCOs) in the
technical specifications (1Ss). The Chinese reviewer considers: (1) The conservative accident
rules should be respected for advanced and -enhanced safety AP1000 plant. (2) In the event of
some specific criteria can not met, applicant should put the design improvement on the first place.
(3) The use of non-safety-related systems and components must be minimum and demonstrated
sufficiently.

Consuliting with NRC:

(1) Please explain the acceptable rules for mitigating actuation of non-safety-related systems and
components 'as;umed in accident analysis. '

(2) If other non-safety-related systems and components also have the similar condition of the.
‘systems list in table 15.0-8, for example: pressurizer spray or CVCS system, can they be used to
mitigate the consequence of accideni analysis? ' ._
(3) Please describe the NRC review requirements and results in licensing analysis for American
plant. o

ANSWER: Ths NRC reguiation aliows only safety-related systems and components to be relied -
upon for the mitigation of the design basis évents to assure the integrity of the reactor coolant



pressure boundary, the capability to shutdown the reactor and maintain it in a safe shutdown
condition; and the capability to prevent or mitigate the consequences of accidents which could
result in potential offsite exposures. The NRC regulations also allow for the use of
non-safety-related systems and equipment to satisfy safety concerns. For example, 10 CFR
50.62 Anticipated Transient Without Scram (ATWS) rule, 10 CFR 50.63 Loss of All Alternating
Current Power (Station Blackout) rule. Another example is the use of non-safety related
equipment for the steam line break accidents. The basis for its acceptability is described in
NUREG-0138, “Staff Discussion of Fifteen Technical Issues Listed in Attachment to November 3,
1976 Memorandum from Director, NRR to NRR Staff;” (November 1976), Issue No. 1,
“Treatment of Non-Safety Grade Equipment in Evaluations of Postulated Steam Line Bream
Accident.” :

For the AP1000 design, the only non-safety-related systems assumed in the analyses to mitigate
the-consequences of events are listed in AP1000 DCD Table 15.0-8. The basis for accepting the
use of non-safety-related systems assumed in the AP1000 analysis of the certain design basis
events is described in the AP1000 FSER section 15.1.2. Other control system actions not listed
in Table 15.0-8 are not used for mitigation of accidents. The pressurizer spray and  CVCS
systems are not credited in the AP1000 safety analyses.

15-2. The insertion time of RCCA after reactor scram is not conservative.,

The insertion time of RCCA afier reactor scram is an important key parameter in accident
analysis. The rod drop time used in accident analysis should be conservative sufficiently and be
larger than the value listed in ISs to including various uncertainties and the adverse effect of
safe-shutdown earthquake (SSE). The verification must be done for each RCCA to show that the
measured rod drop times are less than the time limits in TSs after each RCCA for each core
reloading or each removal of reactor vessel head.

However, the rod drop time (2.47s to dashpot) used in AP1000 accident analysis is equal to the
time limits in TSs, i.e. without uncertainties and without SSE, and the favorable -eﬂect of loss of
coolant flow (only 2.09s) is considered. The active core height is increased to be 14ft for AP1000,
however the rod drop time (2.47s) is much less than the typical values (3s) of 12 fi active core.
Please explain whether the adverse effect of seismic load on control rod drop time is required in
licensing accident analysis both for old and new application of American NPPs.

Please explain whether it is acceptable that the rod drop time used in accident analysis is equal to
the value list in TSs, and whether it is acceptable that the favorable effect of loss of coolant flow
on rod drop time is considered. Why? B

ANSWER: The reactor trip system and all safety-related systems, equipment, and components
are required to be seismic qualified, and are designed to withstand and remain functional after a
safe shutdown earthquake. However, the adverse effect of seismic load on control rod drop time
is not required in the design basis accident analysis because the safety analyses of the design basis
events need not consider concurrent occurrence of a seismic-event in addition to an.initiating
design basis event. ’ o

The TS surveillance requirement specifies verification of each RCCA drop time (from the
beginning of decay of stationary gripper coil voltage fo dashpot entry) from the fully withdrawn,



position to be consistent with the rod drop time assumed in the safety analysis. The RCCA drop
time measurement/verification is performed prior to reactor criticality after each removal of the
reactor head to ensure that the reactor internals and rod drive mechanism will not interfere with
rod motion or rod drop time, and that no degradation in these systems has occurred that would

adversely affect control rod motion or drop time.

" For the safety analysis, the transient RCCA positioni during rod drop is converted into the RCCA
reactivity worth as a function of time during a reactor trip. The transient RCCA reactivity worth
is determined from the RCCS position as a function of time during the rod drop, in conjunction
with the variation of RCCA reactivity worth as a function of rod position. The use the TS rod

. drop time in the safety analysis would be acceptable if margin or conservatism is included in the
RCCA worth versus rod position calculation.

The RCCA drop would be faster when the reactor coolant pumps are not-operating. Therefore a
shorter rod drop time is used for the complete loss of forced flow transient. This is acceptable
with the margin included in the RCCA worth versus rod position calculation. )

15-3. SGTR analysis

Four categories are identified for AP1000 according to ANSII8.2, however the specific frequency
range for each category is not given. The report of AP1000 PRA shows that the frequency of SGTR
(3.88x1 %) is higher than the Jrequency of small LOCA (5x1 0%, so SGTR should not be classified
as a condition IV event because a small LOCA belongs to condition I11.

(1) Please explain the reasonable basis of SGTR classification.

(2) Please explain the requirement of acceptance criteria of radiological consequence if a SGTR is
classified as condition III?

ANSWER:

(1) The thermal-hydraulic evaluation of the SGTR event makes no distinction as to whether the
SGTR is a Condition III or Condition IV event. The review criteria from the reactor coolant
system point of view are the SG overfill and the SG mass releases used for radiological
consequence calculation. For a SGTR event, the minimum DNBR remains above the DNBR
limit and therefore there is no fuel failure.

(2) Tobe answered by Siting and Accident Consequences Branch (RSAC).

15-4. The application of statistical methodology to deal with various uncertainties can give a
larger calculation -margin comparing with traditional enveloping method, by a reducing of
enveloped level. However, there are special requirements for the application of statistical method,.
such as the application of SRSS (square root of the sum of squares) requires that the uncertainties
of each parameter can be approximated. by ¢ normal.distribution, and considered. to be random
- and independent instead of as biases or dependent. '

Please describe the evaluation for following statistical methods for AP1000:

(1) SRSS .method is used to calculate total Fgq by combining calculation uncertainty,
manufacturing tolerance and rod bow faclor insiead of iraditional method of product of each

uncertainties.



(2) SRSS method is used to determine the. maximum power range neutron flux setpoint shown in
table 15.0-5 instead of the typical method of being added directly. A larger measure errors (such
as power distribution eﬁ’écts 7.8% instead of 5%) are allowable for API1000 although the
maximum flux setpoint 118% of rated power is same as other plant.

(3) The method of ASTRUM (automated statistical treatment of uncertainty method) will be used
in LB LOCA in order to obtain a larger margin.

ANSWER:

(1) The total heat flux hot channel factor, FQ, is the product of nuclear heat flux hot channel
factor, FQN, and engineering heat flux hot channel factor, FQE.  FQE is the allowance on heat
flux required for manufacturing tolerances, including local variation in enrichment, pellet density
and diameter, burnable absorber content, surface area of fuel rod, and eccentricity of
pellet-cladding gap, which are combined statistically.

(2) The SRSS method used for determining the maximum power range neutron flux setpoint and
other trip function setpoints are described in Westinghouse proprietary topical report WCAP-
16361-P, “Westinghouse Setpoint Methodology for Protection Systems — AP1000.”

(3) The ASTRUM methodology used for LBLOCA analysis is described in WCAP-16009-P-A
and WCAP-16009-NP-A, “Realistic Large Break LOCA Evaluation Methodology Using the
Automated Statistical Treatment of Uncertainty Method (ASTRUM).” For the AP1000 design,
the LBLOCA analysis using ASTRUM is described in Westinghouse technical report
APP-GW-GLE-026, “Application of ASTRUM Methodology. for Best Estimate Large Break Loss
of Coolant Accident Analysis for AP1000.” TR APP-GW-GLE-026 is still under NRC review.

15-5. The time delay assumed between turbine trip and loss of offsite power

The assumptions of loss of offsite power (LOOP) used in AP1000 accident analysis are:

LOOP is assumed in accident analysis after turbine trip..

LOOP is not considered as a single failure, and the analysis of accident analysis is per;fbt;med
without changing the event category. S

The design provisions of AP1000 electrical system can provide power to RCPs for a minimum 3
seconds following turbine trip. This time delay (RCPs can run normally be additional 3s) has
significantly effect on the results of accident analysis by giving large benefit.

Please explain in detail what safety requirements are needed to evaluate that the design of
electrical system can support 3s time delay.

ANSWER: A loss of offsite power (LOOP) is considered a consequence of an event that results
in a turbine trip with potential subsequent disruption of the electrical power grid. The use of 3
seconds time delay following the turbine trip in the safety analysis is supported by the electrical -
power grid stability analysis. The AP1000 grid stability evaluation is described in AP1000 DCD
Section 8.2.2 and AP1000 FSER Section 8.2.3.1. '

The safety requirements needed to evaluate that the design of the elecuicél system can support 3
second time delay assumed in accident analysis for AP 1000 design are contained in General
Design Criteria (GDC) 17, “Electric Power. Systems,” of Appendix A, "General Design Criteria
for Nuciear Power Plants,” to Title 10, Part 50, of the Code of Federal Regulations. The Nuclear



Regulatory Commission (NRC) staff reviews the offsite power source provided from the
transmission network to assure that it satisfies the requirements of GDC 17 with respect to its
capacity and capability to power safety loads.

In NUREG 1793, “Final Safety Evaluation Report Related to Certification of the AP 1000
Standard Design,” September 2004, the NRC specified an interface requirement that Combined
Operating License (COL) applicants perform a grid stability analysis to show that the grid will
stay stable and that the Reactor Coolant Pump bus voltage will remain above the voltage required
to maintain the flow assumed in for a minimum of 3 seconds following a turbine trip. This COL
Action Item 8.2.3.1-1 is discussed in Design Control Document (DCD) Tier 2, Section 8.2.5,
“Combined License Information for Offsite Electrical Power,” and in Item 8.3 of DCD Tier 2,
Table 1.8-1, “Summary of AP 1000 Plant Interfaces with Remainder of Plant.”

The results of the grid stability analysis must show that loss of the largest single supply to the grid,
removal of the largest load from the grid, or loss of the most critical transmission line does not
result in the complete loss of offsite power to the plant. Meeting the requirements of GDC 17
provides assurance that a reliable electric power supply can be provided for all facility operating
modes, including anticipated operational occurrences and design basis accidents to permit safety
functions and other vital functions to be performed.

All AP 1000 COL applicants must submit a stability analysis of their grid to demonstrate that their
grid remains stable and that the Reactor Coolant Pump bus voltage will remain above the voltage
required to maintain the flow assumed in DCD Tier 2, Chapter 15, for a minimum of 3 seconds
following a turbine trip to satisfy the above interface requirements. This analysis ensures that the
subject 3 second requiremeht will be met in accordance with the AP 1000 safety analyses. '

15-6. The flow coasidown characteristic of AP1000 canned coolant puimp is very pessimistic for
core cooling. However, the accident analysis results for loss of coolant flow events in 15.3 are
much optimistic: no fuel rod-in-DNB in limiting events of complete loss of forced coolant flow and
locked rotor, which is much favorable than similar plant with good coastdown capability of
centrifugal coolant pumps.

Please explain in detail what special assumption and method are used in accident analysis which
is different from traditional Westinghouse PWR, and what requirements are given by NRC.
ANSWER: The assumptions and methods used in the AP1000 loss of coolant flow events,
* including a complete loss of forced coolant flow and locked rotor, are no different from those used
in the traditional Westinghouse PWRs. The analyses are performed with the NRC-approved
computer codes, methodologies, and assumptions, including the flow coastdown characteristics of
the AP1000 canned coolant pumps, which are subjected verification of Tier 1 ITAAC (Inspection,
‘Tests, Analyses, and Acceptance Criteria).

"For both the complete loss of forced coolant flow and the locked rotor event, the analysés show
that the minimum DNBR is above the DNBR limit, and therefore no fuel failure is calculated.
However, a total of 16% fuel damage is assumed for the locked rotor event for the purpose of

calculating dose release.



(Radiological consequence of Accident Analysis, Mr. Chen Xiaoqiu)

15-7. For LOCA, in assumption of sowrce term calculation (Table 15.6.5-2), aerosol removal
efficiency due to impaction in containment leakage path(s) is 0.8. This will result in reducing dose

consequence of LOCA greatly. The applicant explained the dose consequence for control room

would exceed the limit if not considering the aerosol removal efficiency.

We want to know the position of NRC for this issue, whether the value of 0.8 is needed to be

validated by test and NRC has accepted this value.

ANSWER: Based on a careful review of Westinghouse Technical Report 122, "Offsite and

Control Room Dose Changes," the NRC staff found that TR 122 does not support a
decontamination factor of 5 (equivalent to an acrosol attenuation of 80%). Abcordingly, the

NRC staff concluded that the proposed aerosol removal efficiency of 80% due to impaction in the

containment leakage paths as shown in the AP1000 DCD Amendment 16, Tier 2, Table 15.6.5-2

(Sheet 1 of 3) in page 15.6-63 was unacceptable. The NRC response to this request can be found

in an NRC letter to Westinghouse dated August 14, 2008 (NRC Adams Accession No.

ML082240737).

15-8. For dose consequence for control room of LOCA, the applicant has put forward “Credit was
taken for the door from the vestibule to the annex building in the calculation of the effective
unfiltered inleakage to the control room.” That reduced the effective unfiltered inleakage from 5
¢fmto 1.5 cfm.

We want to know the position of NRC for this issue.

ANSWER: The applicant’s.assumptions regarding effective unfiltered in-leakage are still under
review. The NRC staff is not ready to state a position at this point; however, we would be happy
to discuss with you our concerns.

(Chapter 16, Mr. Zhu Lixin) '

16-1. SR 3.0.3 mentioned that “Up to 24 hours or up to the limit of the specified Frequency”, what
is “the limit of the specified Frequency” here ?

ANSWER: - The phrase “the limit of the specified Frequency” refers to the value found in the
Frequency column of the specific SR under consideration. Applications. of SR 3.0.3 provisions
are discussed in further details in the TS Bases B 3.0, SR Applicability (Pages B 3.0 -15 and 16).
The bottom line here is, for certain SRs, the missed surveillance test can be delayed for a full cycle
from the time of discovery if an assessment of plant risk is performed and found to be acceptable
- for the missed activity, for any delay greater than 24 hours.

16-2. How does NRC regulate programs presented in section 5.57
ANSWER: Procedures for administrative controls described m TS Section 5.5 are required to -
be established, implemented, and maintained by TS Section 5.4. These implementing procedures
will be reviewed as part of the inspections conducted under Inspection Manual Chapter 2504 prior
to initial fuel load and will be periodically assessed under the Reactor Oversight Program (ROP)
and in accordance with applicable regulations after the plant is placed in commercial operation.

16-3. We want to know which documents involved in operational management other than'TS and-



programs presented in 5.5 shall be reviewed by NRC.

ANSWER: For AP1000, operational programs (including some presented in TS section 5.5)
will be addressed in a COL application (COLA) which referenced the AP1000 design certification.
Operational programs are identified in the COLA FSAR section 13 .4, and will be reviewed by the
NRC staff responsible for the applicable referenced FSAR sections. '

-

Operational programs are identified in NUREG-0800, “Standard Review Plan,” Chapter 13.4

“Operational Programs.”

The operational programs and the associated chapter of the Final

Safety Analysis Report (FSAR) that are reviewed by the NRC staff as part of the licensing process
are listed below:

. FSAR
Item Program Title Progr@ Source (SRP)
(Required By) .
) Section
. . 5.24
1 In-servxce Inspection Program 10 CFR 50.55a(g) 6.6
. - 10 CFR 50.55a(f) 396
2 | In-service Testing Program
10 CFR 50 App A 5.2.4
3 | Environmental Qualification Program 10 CFR 50.49(a) 3.11
4 | Preservice Inspection Program 10 CFR 50.55a(g) 56264
5 Rc_gctor Vessel Material Surveillance | 10 CF R 50.60 531
Program 10 CFR 50 App H
6 | Preservice Testing Program 10 CFR 50.55a(f) 3.9.6
10 CFR 50.54(0)
7 Containment Leakage Rate Testing | 10 CFR 50 App A (GDC 32) 6.2.6
Program 10 CFR 50 App J
10 CFR 52.47(a)(1)
8 Fire Protection Program 10 CFR 50.48 9.5.1
Process and Effluent Monitoring and
Sampling Program: _ ) 115
e Radiological Effluent Technical
Specifications/Standards 10 CFR 20.1301 and 20.13.2
Radiological Effluent Controls 10 CFR 50.34a
9 (RETS/SREC) v 10 CFR 50.36a 115
- o Offsite Dose Calculation 10 CFR 50 App I section 1l and
, Manual (ODCM) v ' s
¢ Radiological Environmental
Monitoring Program (REMP) 1 4
e Process Control Program (PCP)
10 | Radiation Protection Program 10 CFR 20.1101 12.5




Non licensed Plant Staff Training

10 CFR 50.120

11 1322
Program 10 CFR 52.78
10 CFR 55.13
10 CFR 55.31
12 | Reactor Operator Training Program 10 CFR 55.41 13.2.1
10 CFR 55.43
10 CFR 55.45
o 10 CFR 50.34(b)
Reactor ~ Operator  Requalification )
13 10 CFR 50.54(i) 13.2.1
Program
10 CFR 55.59
) 10 CFR 50.47
14 | Emergency Planning , 133
Part 50 Appendix E
Security Program: 10 CFR 50.34(c)
¢ Physical Security Program 10 CFR 73.55
10 CFR 73.56
10 CFR 73.57
10 CFR 26
15 13.6.1
¢ Safeguards Contingency 10 CFR 50.34(d)
Program 10 CFR Part 73, App C
e Training and Qualification 10 CFR Part 73, App B
Program
10 CFR 50.54(a)
16 | Quality Assurance Program - Operation | 10 CFR 50 App A (GDC 1) 175
10 CFR 50 App B
17 | Maintenance Rule 10 CFR 50.65 17.6
18 | Motor-Operated Valve Testing 10 CFR 50.55a(b)(3)(ii) 396
' . 10 CFR 50.34
19 | Initial Test Program 14.2
10 CFR 52.79(a)(28)

16-4. Technical specification is mainly used Jor operation, but design is main concern in section

16.2, whether should this section be put into chapter 167

ANSWER: Section 16.2 serves only as a pointer to section 17.4 for the de51gn reliability

assurance program.

16-5. We want to know whether section 16.3 need o be reviewed.

ANSWER: Section 16.3 contains availability controls for certain. SSCs found to have risk

significance under some conditions.

an important part of our review.

Under the NRC's risk-informed policy, we found this to be

16-6. We want to know how NRC regulates. NPPs before they restart afier an unplanned shutdown. '




ANSWER: The NRC inspection manual provides guidance on how the agency would respond
to an unplanned shutdown. (See Management Directive 8.3, Manual chapter 0309 and inspection
procedures). NRC has requirements for reporting of shutdowns or declarations of events and
based upon the reports and other information will determine what actions will be taken. Our
response would depend upon the plarllt'and personnel response to the shutdown, the causes, and
impact on plant equipment. It could range from resident inspector monitoring of licensee actions,
to some form of augmented inspection, and in the extreme to an order governing conditions for
plant restart.

16-7. Non-site-specific risk-significant SSCs have been included in DRAP of PSAR 16.2 for
API1000 type reactor, we want to know whether site-specific SSCs should be determined and
associated design work should be finished and be reviewed before NRC approving Construction
Permit of a new NPP. » _

ANSWER: The AP1000 certification as presented to the NRC encompasses virtually the entire
plant and associated SSCs. Site-specific SSCs are limited to such aspects as offsite power,
circulating water supply/discharge, and plant services. It is not apparent that any of these SSCs
would be risk-significant considering the RTNSS evaluations performed in the DC review.

(Chapter 18, Mr. Mao Congji)

18-1. How NRC consider for “Background noise levels should not exceed 65 dB(4) in NUREG
0700R2”

18-2. What is NRC reviewing degree on Human-System Interface Design Guidelines?



