3. DESIGN OF STRUCTURES, COMPONENTS, EQUIPMENT, AND
SYSTEMS

3.1 General

The U.S. Nuclear Regulatory Commission (NRC) staff reviewed the information in the AP1000
Design Control Document (DCD) Tier 2, Section 3.1, “Conformance with Nuclear Regulatory
Commission General Design Criteria,” to verify that the AP1000 design meets the relevant
General Design Criteria (GDC) of Appendix A to Title 10, Part 50, of the Code of Federal
Regulations (10 CFR Part 50).

The staff’s review of structures, components, equipment, and systems relies, in part, on
industry codes and standards that represent accepted industry practices.

Sections 3.7 and 3.8 of this report contain a significant portion of material quoted from the
AP1000 DCD. The format used to cite the DCD in these two sections has been revised to be
consistent with the nomenclature used throughout this report. Each section below identifies
applicable codes and standards and discusses their basis for acceptability.

3.2 Classification of Structures, Systems, and Components

3.2.1 Seismic Classification

In 10 CFR Part 50, Appendix A, GDC 2, “Design Bases for Protection Against Natural
Phenomena,” the NRC requires, in part, that nuclear power plant structures, systems, and
components (SSCs) important to safety be designed to withstand the effects of earthquakes
without loss of capability to perform their safety functions. Some of these functions are safety
related and necessary to ensure the following:

. integrity of the reactor coolant pressure boundary (RCPB),

. capability to shut down the reactor and maintain it in a safe-shutdown condition

. capability to prevent or mitigate the consequences of accidents that could result in
potential offsite exposures that are comparable to the requirements in 10 CFR
50.34(a)(1)

The earthquake for which these safety-related plant features are designed is defined as the
safe-shutdown earthquake (SSE) in Appendix S to 10 CFR Part 50. The SSE is based on an
evaluation of the maximum earthquake potential; the SSCs are designed to remain functional
through an earthquake which produces the maximum vibratory ground motion. Those plant
features that are designed to remain functional, if an SSE occurs, are designated seismic
Category | in Revision 3 of Regulatory Guide (RG) 1.29, “Seismic Design Classification.” In
addition, in Regulatory Position C.1 of RG 1.29, the NRC states that the pertinent quality
assurance (QA) requirements of Appendix B to 10 CFR Part 50 should be applied to all
activities affecting the safety-related functions of seismic Category | SSCs. The staff reviewed
the AP1000 DCD in accordance with Section 3.2.1 of the standard review plan (SRP), which
references RG 1.29. The details of this review are discussed below.
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The safety-related SSCs and the equipment of the AP1000 standard plant that are classified as
seismic Category | can be identified by comparing information in DCD Tier 2, Sections 3.2.1.2,
“Classifications,” and 3.2.4, “Application of AP1000 Safety-Related Equipment and Seismic
Classification System,” DCD Tier 2, Tables 3.2-1, 3.2-2, and 3.2-3, and applicable piping and
instrumentation drawings (P&IDs) found in DCD Tier 2. DCD Tier 2, Table 3.2-3, “AP1000
Classification of Mechanical and Fluid Systems, Components, and Equipment,” includes
seismic classifications for fluid systems, as well as some components in these systems.
However, this table does not explicitly include piping and piping supports. The P&IDs in the
DCD identify the interconnecting piping and valves, as well as the interface between the
safety-related and non-safety-related portions of each system. According to DCD Tier 2,
Section 3.2.1.2, these interfaces are synonymous with the interface between seismic Category |
and the nonseismic portions of each system. DCD Tier 2, Section 3.2.4 states that the
supports for piping and components have the same seismic and safety classifications as the
component or piping supported. Based on its review of DCD Tier 2, Sections 3.2.1.2 and 3.2.4,
DCD Tier 2, Tables 3.2-1, 3.2-1, and 3.2-3, and the P&IDs as discussed above, the staff
concludes that the safety-related SSCs in the AP1000 are acceptably classified as seismic
Category I, in accordance with Position C.1 of RG 1.29.

In Position C.2 of RG 1.29, the NRC states that those portions of honseismic SSCs whose
continued function is not required, but whose failure could reduce the functioning of any seismic
Category | SSC to an unacceptable level, or could result in an incapacitating injury to occupants
of the control room, should be designed and constructed so that an SSE could not cause such
failure. In DCD Tier 2, Section 3.2.1.1.2, “Seismic Category Il (C-II),” the applicant classified
such SSCs as seismic Category Il. DCD Tier 2, Section 3.7, “Seismic Design,” discusses the
design criteria for seismic Category Il SSCs. In Position C.3 of RG 1.29, the NRC recommends
guidelines for designing interfaces between seismic Category | and nonseismic SSCs. DCD
Tier 2, Section 3.7.3.13, “Interaction of Other Systems with Seismic Category | Systems,”
provides the AP1000 information relative to Positions C.2 and C.3; Sections 3.7.2 and 3.12.3.7,
respectively, of this report discuss the staff's evaluations of this information for structures and

piping.

In Positions C.1 and C.4 of RG 1.29, the NRC states that the pertinent QA requirements of
Appendix B to 10 CFR Part 50 should be applied to all activities affecting the safety-related
functions of (1) all seismic Category | SSCs, and (2) those portions of SSCs that are covered
under Positions C.2 and C.3 of RG 1.29. DCD Tier 2, Sections 3.2.2.3, “Equipment Class A”;
3.2.2.4, "Equipment Class B”; and 3.2.2.5, “Equipment Class C”; and Table 3.2-1 state that

10 CFR Part 50, Appendix B applies to all AP1000 Equipment Class A, B, and C (American
Society of Mechanical Engineers (ASME) Class 1, 2, and 3) SSCs that are all classified as
seismic Category |. Because all seismic Category 1 SSCs are covered, the staff concludes that
this is an acceptable commitment to item (1) above. To satisfy Position C.4 of RG 1.29, the
pertinent QA requirements of Appendix B to 10 CFR Part 50 should apply to all seismic
Category Il SSCs. In DCD Tier 2, Section 3.2.1.1.2, the applicant stated that pertinent portions
of 10 CFR Part 50, Appendix B are applicable to the AP1000 seismic Category Il SSCs.
Accordingly, the staff concludes that this represents an acceptable commitment to

item (2) above and is consistent with Position C.4 of RG 1.29.

DCD Tier 2, Table 3.2-3, properly identifies the new and spent fuel storage racks as seismic
Category I. Although these items are also classified as AP1000 Class D, the staff’s position is
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that new and spent fuel storage racks are important to safety and, at a minimum, should meet
the applicable QA requirements of Appendix B to 10 CFR Part 50, in addition to being classified
as seismic Category I. In DCD Tier 2, Section 3.2.2.6, “Equipment Class D,” the applicant
stated that the requirements of 10 CFR Part 50, Appendix B apply to AP1000 Class D SSCs
classified as seismic Category |. The staff concludes that this commitment is consistent with
the guidelines in RG 1.29 and, therefore, is acceptable.

3.2.1.1 Conclusions

On the basis of its review of DCD Tier 2, Tables 3.2-1, 3.2-2, and 3.2-3, the applicable P&IDs,
and other supporting information in DCD Tier 2, the staff concludes that the AP1000
safety-related SSCs, including their supports, are properly classified as seismic Category |, in
accordance with Position C.1 of RG 1.29. In addition, the staff finds that DCD Tier 2 includes
acceptable commitments to Positions C.2, C.3, and C.4 of RG 1.29. This constitutes an
acceptable basis for satisfying, in part, the portion of GDC 2 which requires that all SSCs
important to safety be designed to withstand the effects of natural phenomena, including
earthquakes.

3.2.2 Quality Group Classification

In 10 CFR Part 50, Appendix A, GDC 1, “Quality Standards and Records,” the NRC requires, in
part, that nuclear power plant SSCs important to safety be designed, fabricated, erected, and
tested to quality standards commensurate with the importance of the safety function to be
performed. This requirement is applicable to both pressure-retaining and non-pressure-
retaining SSCs that are part of the RCPB and other systems important to safety. These SSCs
will be relied upon for the following functions:

. prevent or mitigate the consequences of accidents and malfunctions originating within
the RCPB

. permit shutdown of the reactor and maintain it in a safe-shutdown condition

. retain radioactive material

The staff reviewed the AP1000 DCD in accordance with Section 3.2.2 of the SRP, which
references Revision 3 of RG 1.26, “Quality Group Classifications and Standards for Water-,
Steam-, and Radioactive-Waste-Containing Components of Nuclear Power Plants.” The details
of this review are discussed below.

In addition to the seismic classifications discussed in Section 3.2.1 of this report, DCD Tier 2,
Tables 3.2-1 and 3.2-3 identify the AP1000 safety classification, the NRC quality group (QG)
classification, and the QA requirements necessary to satisfy the requirements of GDC 1 for all
safety-related SSCs and equipment. Applicable P&IDs identify the classification boundaries of
interconnecting piping and valves. The staff reviewed DCD Tier 2, Tables 3.2-1 and 3.2-3 and
the P&IDs in accordance with Section 3.2.2 of the SRP. Section 3.2.2 of the SRP references
Revision 3 of RG 1.26 as the principal document used by the staff to identify, on a functional
basis, the pressure-retaining components of those systems important to safety as NRC QG A,
B, C, or D. Section 5.2.1.1 of this report discusses the conformance of ASME Class 1 RCPB
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components to the requirements of 10 CFR 50.55a. These RCPB components are designated

in RG 1.26 as QG A. Certain other RCPB components that meet the exclusion requirements of
10 CFR 50.55a(c)(2) are classified as QG B, with the exception of a portion of the chemical and
volume control system inside containment, which is classified as QG D. Section 5.2.1.1 of this

report further discusses the basis for this alternative QG classification.

In 10 CFR 50.55a, the NRC requires that safety-related equipment be designed and fabricated
to the requirements of the ASME Code, Section Ill. In DCD Tier 2, Table 3.2-3, the applicant
proposed to use the rules of the ASME Code, Section VIII, Appendix 22 for the design and
construction of the air gas storage tanks in the main control room (MCR) emergency habitability
system. The NRC staff reviewed the proposal and, for the reasons set forth below, concludes
that the requirements of Appendix 22 to ASME Code, Section VIII provides an acceptable
alternative to the use of ASME Code, Section Il for the design and construction of the air
storage tanks. This conclusion is based on the following justification:

. The air storage tanks are constructed of forged, seamless pipe without welding. The
material for the integrally forged tanks is ordered to ASME material specification
SA-372. This material has been specifically developed for forged tanks fabricated
without welding.

. To construct the tanks, the forged pipe ends are swaged down to reduce the size of the
opening. After completion of the tank-forming operation, the tanks are heat treated. No
welding is permitted in the fabrication of the tank, and the material is not permitted to be
weld repaired.

. The applicant specified that 10 CFR Part 50, Appendix B and 10 CFR Part 21 will apply
to the manufacture of the air storage tanks.

. The tank material is specified to be Charpy V-notch tested, per supplement S3 of
material specification SA-372, and is required to exhibit an average of 20 to 30 mils of
lateral expansion at the lowest anticipated service temperature. This value meets the
values specified in Table NC-2332.1-1 of ASME Code, Section Ill. Thus, the proposed
alternative provides an acceptable level of quality and safety, and is acceptable
pursuant to 10 CFR 50.55a(a)(3).

In DCD Tier 2, Section 3.2.2, “AP1000 Classification System,” the applicant described the
AP1000 safety classification system. Safety-related SSCs are classified as AP1000 Equipment
Class A, B, or C. In DCD Tier 2, Table 3.2-1, the applicant provided a correlation among the
three methods of classification, (1) AP1000 Class A, B, C, and D, (2) NRC QG A, B, C,and D in
RG 1.26, and (3) ASME Code, Section lll classes. The relationship among the three methods
of classification defined in the DCD is shown below.

NRC QG AP1000 CLASS ASME Section Il Class
A A 1
B B 2
C C 3
D D --
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All pressure-retaining components and component supports classified as AP1000 Class A, B,
or C are constructed in accordance with ASME Code, Section lll, Class 1, 2, or 3 rules,
respectively. Construction, as defined in Subsections NB/NC/ND-1110(a) of Section Il of the
ASME Code, and used herein, is an all-inclusive term encompassing the design, materials,
fabrication, examination, testing, inspection, and certification required in the manufacture and
installation of components. Components classified as QG D are designed to the applicable
standards identified in DCD Tier 2, Section 3.2.2.6. The staff concludes that the above table
acceptably defines the relationship among the three methods of classification.

Based on its review of the information in DCD Tier 2, Section 3.2.2, Tables 3.2-1 and 3.2-3, and
the applicable P&IDs, the staff concludes that the QG classifications for the AP1000 SSCs are
consistent with the guidelines in RG 1.26, and are in conformance with GDC 1, and, therefore,
are acceptable. However, during its review, the staff noted one exception to the classification
guidelines in RG 1.26, the safety classification of the passive core cooling system (PXS), which
is discussed below.

DCD Tier 2, Section 3.2.2.5, Table 3.2-3, and the P&IDs detailed in DCD Tier 2, Figures 6.3-1
and 6.3-2 collectively identify the following portions of the PXS as AP1000 Class C (QG C and
ASME Class 3):

. the accumulators and vessel injection piping system up to the ASME Class 1 check
valves
. the vessel injection piping system from the in-containment refueling water storage tank

(IRWST) to the ASME Class 1 check valves

. the injection piping system from the containment sump to the vessel injection piping
coming from the IRWST

All of the above systems and components perform an emergency core cooling function
following postulated design-basis events. In RG 1.26, the NRC recommends that such systems
be classified as QG B (ASME Class 2). The staff finds that these systems and components
have been classified as QG C for the following reasons:

. QG C is essentially equivalent to QG B, except that it has less stringent construction
inspection and inservice inspection (ISI) rules.

. All of these systems and components are located inside containment, therefore,
radioactive releases are contained.

. Minor leakage does not affect the functional performance of these systems and
components.
. Continuous water level monitoring of the accumulators and the IRWST is performed to

detect leaks.

The staff concludes that the QG C classification of the PXS and components identified above
can satisfy the guidelines in RG 1.26, if the applicant makes a commitment that portions of
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these systems will be inspected during construction using rules that are similar to those of
ASME Class 2 (QG 2). The basis for this staff position is that the enhanced quality of the items
inspected to ASME Class 2 rules is sufficient to satisfy the guidelines of RG 1.26. In addition,
the measures described above are sufficient to allow the less stringent ISl rules of ASME
Class 3 (QG Q).

The staff position further indicates that the weld quality for the emergency core cooling system
(ECCS) should be consistent with the system’s safety functions, and that the butt welds in the
ECCS piping should be examined in accordance with the ASME Code, Section Ill, ND-5222,
using the full radiography option. Therefore, the staff's position is that in order to provide
reasonable assurance that the affected systems will perform their safety function when
required, the ECCS welds in the systems that are listed in DCD Tier 2, Section 3.2.2.5 should
be subjected to this enhanced examination during construction. In DCD Tier 2, Section 3.2.2.5,
the applicant states that full radiography in accordance with ASME Code, Section Ill, ND-5222
will be conducted on the piping butt welds during construction for systems that provide
emergency core cooling functions. This conforms to the staff’s position on this issue, and is,
therefore, acceptable.

3.2.2.1 Conclusions

On the basis of its review of the applicable information in the DCD, and the above discussion,
the staff concludes that the QG classifications of the pressure-retaining and non-pressure-
retaining SSCs important to safety, as identified in DCD Tier 2, Tables 3.2-1 and 3.2-3, and
related P&IDs in the DCD, are in conformance with RG 1.26 and, therefore, are acceptable.
These tables and P&IDs identify major components in fluid systems (i.e., pressure vessels, heat
exchangers, storage tanks, piping, pumps, valves, and applicable supports) and in mechanical
systems (i.e., cranes, fuel handling machines, and other miscellaneous handling equipment).
In addition, P&IDs in the DCD identify the classification boundaries of interconnecting piping
and valves. All of the above SSCs will be constructed in conformance with applicable ASME
Code and industry standards. Conformance to RG 1.26 as described above, and applicable
ASME Codes and industry standards provides assurance that component quality will be
commensurate with the importance of the safety functions of these systems. This constitutes
the basis for satisfying GDC 1 and is, therefore, acceptable.

3.3 Wind and Tornado Loadings

3.3.1 Wind Design Criteria

The applicant discussed the design wind velocity and the corresponding applied forces for the
AP1000 standard design in DCD Tier 2, Sections 3.3.1.1, “Design Wind Velocity,” and 3.3.1.2,
“Determination of Applied Forces.” The applicant used the American Society of Civil Engineers
(ASCE) Standard ASCE 7-98, “Minimum Design Loads for Buildings and Other Structures.”
The applicant used a basic wind speed of 233 kilometers per hour (kph) (145 miles per hour
(mph)), and a 3-second wind gust speed at 10 meters (33 feet) above the ground in open
terrain with a mean recurrence interval of 50 years. This basic wind speed is to be scaled by an
importance factor (as defined in ASCE 7-98) of 1.0 and 1.15 for non-safety-related and
safety-related structures, respectively. It should be noted that the NRC has not reviewed ASCE
7-98 in its entirety regarding applicability of its recommendations with respect to all other loads.
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(A detailed review of ASCE 7-98 will be necessary before its acceptance as a general
reference). Using ASCE 7-98, with its updated recommendations for higher basic wind
velocities and other associated design factors for wind loading, adds conservatism to the
design. Therefore, the staff finds its application in the design of the AP1000 to be acceptable.

The importance factor, I, is a multiplier for basic wind speeds shown in the maps of ASCE 7-98.
The end product is a wind speed with an appropriate recurrence interval. The basic wind speed
values of the maps in ASCE 7-98 are for a 50-year mean recurrence interval (annual probability
of 0.02). The commentary, Section C6.5.5 of ASCE 7-98, explains that an importance factor of
1.15 is associated with a mean recurrence interval of 100 years, and is to be used to adjust the
structural reliability of a building or other structures to be consistent with building classification.
ASCE 7-98 describes four categories of structures, with Category IV including structures that
are designed with the highest level of reliability. Category IV is applicable to hospitals,
emergency shelters, power generating stations, and other vital facilities having critical national
defense functions. The applicant has designated all seismic Category | structures for the
AP1000 as Category IV with an importance factor of 1.15. The use of an importance factor of
1.15 is conservative.

Pressure generated from the design wind velocity is further dependent on exposure and gust
response factors corresponding to the exposure categories. The applicant used exposure
Category C, which is consistent with open shoreline and flat open country exposure.

Category C exposure is suitable for most sites in the Eastern United States; however, it is not
suitable for sites near open inland waterways; the Great Lakes; and the coastal areas of
California, Oregon, Washington, and Alaska. The wind load design for the AP1000 makes it
unsuitable for sites that fall under exposure Category D. Seismic Category | structures for the
AP1000 are robust, and their lateral load resistance is generally governed by seismic and
tornado loading. It may be feasible to demonstrate that the AP1000 wind design is adequate
for exposure Category D. Without such a demonstration, the use of the appropriate wind
exposure category is an open issue. This was Open Item 3.3.1-1 in the draft safety evaluation
report (DSER).

After reviewing the applicant’s initial response to this open item, submitted September 23, 2003,
the staff found that the applicant had not provided a sufficient basis to support the use of
exposure Category C in ASCE 7-98 to calculate the design wind loads. In a teleconference on
August 22, 2003, both the staff and the applicant agreed to revisit this issue during the design
audit based on careful examination of the requirements in ASCE 7-98.

During the audit on October 6-9, 2003, the staff reviewed Revision 1 to the open item
response. The applicant indicated that the AP1000 is adequate for a maximum basic wind
speed of 209 kph (130 mph) for exposure Category D, based on a comparison to the design
wind loads, which are based on a 233 kph (145 mph) basic wind speed and exposure

Category C. The applicant indicated that all the exposure Category D locations have specified
basic wind speeds less than 209 kph (130 mph), and concluded that the AP1000 wind design is
adequate for all exposure Category D locations. Applicable revisions to DCD Tier 2,

Section 2.3, “Meteorology,” and DCD Tier 2, Section 3.3.1.1 were also identified. The staff
finds that the applicant has provided sufficient additional information to address exposure
Category D. The staff confirmed that the identified revisions to DCD Tier 2, Section 2.3 and
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DCD Tier 2, Section 3.3.1.1 were incorporated in the DCD. On this basis, Open Item 3.3.1-1 is
resolved.

The applicant used ASCE 7-98 to calculate the pressure loadings on structures for the design
tornado wind velocity and the associated vertical distribution of wind pressures and gust factors.
The shape coefficients for the shield building, however, were calculated using ASCE

Paper 3269, “Wind Forces on Structures.” ASCE Paper 3269 is referenced in Section 3.3.1 of
the SRP. It is not clear why the applicant used the latest ASCE standard for the basic wind
velocity, importance category, and exposure category, but did not use the recommendations of
ASCE 7-98 for the velocity pressure and the corresponding pressure and force coefficients.
Structures in the AP1000 design are dynamically rigid, and the use of pressure coefficients
different from those recommended in ASCE 7-98 is not likely to produce an unacceptable
design because the lateral strength of the AP1000 structures is likely to be governed by seismic
and tornado loads. Nevertheless, the staff requested that the applicant clarify its inconsistent
use of the recommendations for wind load design in ASCE 7-98. This was Open Item 3.3.1-2 in
the DSER.

The staff reviewed the initial response to this open item submitted by letter dated

September 23, 2003. Based on its review, during a teleconference on August 22, 2003, the
staff asked the applicant to compare the total horizontal load from ASCE 7-98 to that calculated
using the circumferential pressure distribution from ASCE Paper 3269.

During the audit on October 6-9, 2003, the staff reviewed Revision 1 to the open item
response. The applicant justified the applicability of the circumferential pressure distribution
found in ASCE Paper 3269, based on a comparison to the pressure distribution obtained from
AP600 wind tunnel tests, as documented in Appendix C to Westinghouse Commercial Atomic
Power (WCAP)-13294-P, “Phase | Wind Tunnel Testing for the AP600 Reactor.” The applicant
also identified a corresponding revision to DCD Tier 2, Section 3.3.1.2 , and added the above
WCAP report as Reference 6 in DCD Tier 2, Section 3.3.4. Because the pressure distribution
obtained from ASCE Paper 3269 is consistent with the AP600 wind tunnel test results, the staff
finds the use of ASCE Paper 3269 to be acceptable. The applicability of AP600 wind tunnel
test results to the AP1000 design is discussed in the resolution of Open Item 3.3.2-3 in

Section 3.3.2.3 of this report. The staff confirmed that the applicant incorporated the identified
revisions into the DCD. On this basis, Open Item 3.3.1-2 is resolved.

3.3.1.1 Conclusions

For the reasons summarized below, the staff concludes that the analysis methodology and the
procedures used by the applicant for the wind load design of the AP1000 seismic Category |
structures are appropriate and acceptable for protecting public health and safety.

The design reflects the following considerations, as described in Section 3.3.1 of the SRP:

. appropriate consideration for the most severe wind not to exceed the velocities
presented in DCD Tier 2, Table 2-1 for future sites

. appropriate combinations of the effects of normal and accident conditions with the
effects of natural phenomena
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. the importance of the safety function to be performed

The applicant is addressing these considerations through the use of ASCE 7-98, in the
calculation of effective pressure on structures from the design wind velocity, and in the selection
of pressure coefficients corresponding to the structural geometry and physical configuration.

The design of all AP1000 safety-related structures for wind loads using acceptable procedures
meets the requirements of GDC 2. The procedures, therefore, provide reasonable assurance
that, together with other engineering design considerations (e.g., the combination of wind load
with other loads as indicated in Section 3.8.4 of this report), the structures will withstand such
environmental forces. The use of these procedures provides reasonable assurance that in the
event of design-basis winds, the integrity of the plant structures within the scope of the standard
design will not be impaired. Consequently, safety-related systems and components located
within these structures will be adequately protected and will perform their intended safety
functions, if needed.

3.3.2 Tornado Loading

3.3.2.1 Tornado Loads on Exterior Structures

The applicant provided the tornado wind speed in DCD Tier 2, Table 2-1, “Site Parameters,”
and more detailed tornado design parameters in DCD Tier 2, Section 3.3.2.1, “Applicable
Design Parameters.”

The staff’s position with regard to design-basis tornados was previously derived from two
documents published in 1974, WASH-1300, “Technical Basis for Interim Regional Tornado
Criteria,” and RG 1.76, “Design Basis Tornado for Nuclear Power Plants.” According to
WASH-1300, the probability of occurrence of a tornado that exceeds the design-basis tornado
should be on the order of 1.0E-7 per year for each nuclear power plant. RG 1.76 delineates the
maximum tornado wind speed as 579 kph (360 mph) for the contiguous United States.

The staff reevaluated the regulatory positions in RG 1.76 for the standard design of advanced
light-water reactors (ALWR) using tornado data which became available since the RG was
developed. NUREG/CR-4461, “Tornado Climatology of the Contiguous United States,”
discusses this reevaluation. The staff’s interim position (“ALWR Design Basis Tornado”)
regarding RG 1.76 was issued on March 25, 1988. In this interim position, the staff concluded
that the maximum tornado wind speed of 531 kph (330 mph) is acceptable. However, in
SECY-93-087, “Policy, Technical, and Licensing Issues Pertaining to Evolutionary and
Advanced Light-Water Reactor Designs,” the staff recommended that the Commission approve
its position that a design-basis tornado with a maximum tornado wind speed of 483 kph

(300 mph) be adopted for the design of evolutionary and passive ALWRS, since the 483 kph
(300 mph) tornado is suitable for most U.S. sites. In its staff requirements memorandum (SRM)
dated July 21, 1993, the Commission approved the staff's position.

In a recent SRM (SRM-SECY-03-027 - Review Standard RS-002, “Processing Applications for

Early Site Permits”), the Commission instructed the staff to update the review guidance,
including RG 1.76, to reflect the more recent tornado wind speed data that is available. This
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does not impact the AP1000 review because an applicant, using either the 10 CFR Part 52 or
the Part 50 process, would have to meet the site interface requirements and justify any
parameter, including tornado wind speed, which exceeds the parameters of the AP1000 design.

The applicant indicated in DCD Tier 2, Section 3.3.2, “Tornado Loadings,” that all seismic
Category | structures are designed to resist tornado loads without exceeding the allowable
stresses defined in DCD Tier 2, Section 3.8.4, “Other Category | Structures.” In addition, the
seismic Category | structures are designed to remain functional when subjected to tornado-
generated missiles, as discussed in DCD Tier 2, Section 3.5.1.4, “Missiles Generated by
Natural Phenomenon.” The design tornado wind speed for the AP1000 is 483 kph (300 mph)
and is one of the site parameters postulated for the design. The values of tornado design
parameters for the AP1000 meet the tornado design speeds approved for advanced reactor
design per SECY-93-087, as approved in the July 21, 1993, SRM. Therefore, the staff finds the
AP1000 design-basis tornado to be acceptable.

The procedures used to calculate pressure loads from the tornado wind velocity are the same
as those used for wind, as discussed in Section 3.3.1 of this report. DCD Tier 2, Section 3.5,
“Missile Protection,” discusses the procedures used to determine the tornado missile effects;
Section 3.5 of this report discusses the acceptability of these procedures. Tornado loading
includes tornado wind pressure, internal pressure by tornado-created atmospheric pressure
drop, and forces generated by the impact of tornado missiles. These loads are combined with
other loads, as described in DCD Tier 2, Section 3.8.4. Section 3.8.4 of this report discusses
the acceptability of these loads and load combinations. The applicant indicated that a
maximum pressure drop of 13.8 kPa (kilopascals) (2 pounds per square inch (psi)) is used for
nonvented structures, unless a lower value is justified by a detailed analysis using the
provisions of ASCE 7-98 for partially vented structures. However, the applicant initially did not
identify any structure within the scope of the AP1000 standard design for which a lower
pressure drop had been used. The applicant was asked to identify all the structures for which it
has used a pressure drop lower than 13.8 kPa (2 psi). Therefore, the use of a tornado
pressure drop of less than 13.8 kPa (2 psi) for vented structures was identified as Open

Item 3.3.2-1 in the DSER.

The staff reviewed the initial open item response, submitted by letter dated September 23,
2003, which identified one region that was assumed to be vented. The staff did not consider
that the applicant had provided a sufficient technical basis for assuming zero differential
pressure in the shield building annulus under design-tornado conditions. During a
teleconference on August 22, 2003, the staff asked the applicant if the AP600 wind tunnel tests
demonstrate this assumption, and if the use of zero differential pressure can be substantiated.

During the audit on October 6-9, 2003, the staff reviewed Revision 1 to the open item
response. The applicant justified the assumption of full venting for the portion of the shield
building surrounding the upper annulus due to the large area of the air inlets and discharge
stack. The applicant also identified a corresponding revision to DCD Tier 2, Section 3.3.2.2,
“Determination of Forces on Structures.” Although there are no test data cited to support the
assumption, the staff finds it acceptable on the basis that the openings have sufficient area to
minimize any differential pressure between the inside and outside of this specific region of the
shield building.
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The staff confirmed that the DCD was revised to reflect these changes. On this basis, Open
Item 3.3.2-1 is resolved.

3.3.2.2 Effect of Failure of Structures or Components Not Designed for Tornado Loads

The applicant stated in DCD Tier 2, Section 3.3.2.3, “Effect of Failure of Structures or
Components not Designed for Tornado Loads,” that the failure of structures not designed for
tornado loadings does not affect the capability of seismic Category | structures or the
performance of safety-related systems because the applicants:

. designed the adjacent non-safety-related structure to the design-basis tornado loading

. investigated the effect of failure of adjacent structures on seismic Category | SSCs to
determine that no impairment of safety function will result

. designed a structural barrier to protect seismic Category | SSCs from adjacent structural
failure

The applicant stated in DCD Tier 2, Section 3.3.3, that combined license (COL) applicants
referencing the AP1000 certified design will address site interface criteria for wind and tornado.
These site interface criteria do not make it clear that the COL applicant needs to follow the
three acceptable criteria described in DCD Tier 2, Section 3.3.2.3, to ensure that structures
outside the scope of the certified design do not compromise the function of safety-related
structures or systems of the AP1000 plant. Although DCD Tier 2, Table 1.8-2, mentions DCD
Tier 2, Section 3.3.3, for the wind and tornado site interface criteria, neither DCD Tier 2,
Section 3.3, nor DCD Tier 2, Table 1.8-2, clearly specifies that the COL applicant must ensure
that a tornado-initiated failure of structures and components within the COL scope will not
compromise the safety of the AP1000 safety-related structures and components. Identification
of wind and tornado site interface criteria was identified as Open Item 3.3.2-2 in the DSER.

The staff reviewed the initial open item response. During a teleconference on August 22, 2003,
the staff requested the applicant to revise DCD Tier 2, Section 3.3.3 and Table 1.8-2, to
reference the three approaches described in DCD Tier 2, Section 3.3.2.3. This would clearly
identify to COL applicants what options are available if they locate structures or components not
normally designed for tornado loads in close proximity to the AP1000 nuclear island.

During the audit on October 6-9, 2003, the staff reviewed Revision 1 to the open item
response. The applicant identified a revision to DCD Tier 2, Section 3.3.3, that clearly states
that it is the COL applicant’s responsibility to address site interface criteria for wind and tornado.
On the basis that the applicant revised the DCD as requested by the staff, the staff finds these
revisions to be acceptable. This is COL Action Item 3.3.2.2-1.

The staff confirmed that the DCD was revised to reflect these changes. On this basis, Open
Item 3.3.2-2 is resolved.
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3.3.2.3 Tornado Loads on Containment Shell and Air Baffle

The AP1000 containment structure is surrounded by the shield building which is open at the top
with an air baffle located within the annulus between the steel containment structure and the
shield building. The air baffle separates downward flowing air, which enters at the air intake
openings at the top of the cylindrical part of the shield building, from upward flowing air that
cools the containment vessel. The tornado pressure drop is calculated assuming that the
center of the tornado is located at the top of the containment center. The applicant used the
following wind tunnel test reports to derive the wind pressure profile for the air baffle from
design wind, as well as tornado wind:

. WCAP-13323-P and WCAP-13324-NP, “Phase Il Wind Tunnel Testing for the
Westinghouse AP600 Reactor,” dated June 1992

. WCAP-14068-P, “Phase IVa Wind Tunnel Testing for the Westinghouse AP600
Reactor,” dated May 1994

. WCAP-14169-P, “Phase IVa Wind Tunnel Testing for the Westinghouse AP600
Reactor, Supplemental Report,” dated September 1994

The shield building and air baffle arrangement produce a reduction in pressure inside the
annulus. Consequently, this has the effect of increasing the internal pressure of the
containment structure by about 6.9 kPa (1 psig).

The wind condition also creates a lateral pressure on the containment. Pressure loads for the
shield building and air baffle arrangement were developed from wind tunnel tests. The
arrangement of a structure inside another structure, as in the case of the shield building and the
free standing steel containment structure, is an unusual configuration for which wind pressure
coefficients are not readily available from any industry code or standard. For this reason, the
applicant had conducted wind tunnel tests to determine the wind pressure distribution for the
AP600 configuration. The AP600 configuration is identical to the AP1000 design in terms of
cross-section and arrangement for wind flow path. Therefore, the NRC staff has determined
that the wind pressure loading for the AP600 design is applicable to the AP1000 design for the
wind load calculation because the determination of wind and tornado loads is in conformance
with the considerations of GDC 2. On this basis, the staff finds that the wind load calculation for
the AP1000 containment structure to be acceptable.

The staff’s evaluation documented in this section concentrates on the differences between the
AP1000 and the AP600 design, with the understanding that the AP600 wind tunnel test reports
were found to be acceptable for the AP600 design in accordance with the staff's evaluation
documented in Chapter 21 of NUREG-1512, “Final Safety Evaluation Report Related to
Certification of the AP600 Standard Design.” The staff's basis for concluding that the AP600
wind tunnel test reports are applicable to the AP1000 design is discussed below. This was
Open Item 3.3.2-3 in the DSER.

In its Revision 1 response to request for additional information (RAI) 220.00, the applicant

described the technical basis for the applicability of three specific AP600 tests that were used to
define the design loads for the AP1000 structures. The three tests utilized are (1) AP600
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passive containment cooling system (PCS) water distribution test, (2) AP600 automatic
depressurization system (ADS) hydraulic tests, and (3) AP600 wind tunnel tests. Based on
similarities of design and operational parameters between the AP600 and the AP1000, as well
as an assessment that any differences would have only a small influence on the test results, the
applicant concluded that the AP600 test results are applicable to the AP1000. This is also
discussed in Section 3.8 of this report.

During the April 2-5, 2003, audit, the staff reviewed WCAP-15613, “AP1000 PIRT and Scaling
Assessment,” which documents the applicant’s technical bases for concluding that the AP600
test results are applicable to the AP1000. Based on its review of WCAP-15613, as clarified by
the information provided in the RAI response, the staff accepted the applicability of these three
AP600 tests to the design load definition for the AP1000 structures. On this basis, Open

Item 3.3.2-3 is resolved.

3.3.2.4 Conclusions

For the reasons summarized below, the staff concludes that the analysis methodology and the
procedures used by the applicant are appropriate and acceptable for tornado design of the
AP1000 seismic Category | structures.

The AP1000 standard design meets the requirements of GDC 2 and the guidelines of
Section 3.3.2 of the SRP with respect to its capacity to withstand design tornado wind loading
and tornado missiles. The AP1000 design reflects the following:

. appropriate consideration of a design-basis tornado consistent with NRC policy

. appropriate combinations of the effects of severe natural phenomena with those
resulting from normal plant operation

. the importance of the safety function to be performed

For the design of safety-related structures, these considerations are addressed by using criteria
specified in SECY-93-087 and the methods of calculating the effective pressure on structures
from wind velocity, as described in DCD Tier 2, Section 3.3.1.

By using design loads and load combinations to meet the guidelines of Section 3.8 of the SRP,
the plant structures are designed with a margin sufficient to prevent the failure of structures
during severe tornado loads (item 1 above). In addition, the design of seismic Category |
structures includes the use of loads and load combinations of severe tornado loads and loads
resulting from normal plant operation (item 2 above).

The use of procedures, as discussed above, gives reasonable assurance that, in the event of a
design-basis tornado, the structural integrity of all seismic Category | structures will be
maintained. Consequently, safety-related systems and components located within these
structures will be adequately protected and will perform their intended safety functions if needed
(item 3 above).
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3.4 External and Internal Flooding

3.4.1 Flood Protection

The staff reviewed the AP1000 flood design in accordance with Section 3.4.1 of the SRP. Staff
acceptance of the flood design is based on the design meeting the requirements of GDC 2, as
they relate to protecting safety-related SSCs from the effects of floods. Acceptance is based
on meeting the guidelines of RG 1.59, “Design Basis Floods for Nuclear Power Plants,” with
regard to the methods used for establishing the probable maximum flood (PMF) and probable
maximum precipitation (PMP), as well as the guidelines of RG 1.102, “Flood Protection for
Nuclear Power Plants,” with regard to the means used for protecting safety-related SSCs from
the effects of the PMF and PMP. The staff's review addressed the overall flood protection
design, including safety-related SSCs whose failure as a result of flooding could prevent safe
shutdown or result in an uncontrolled release of radioactivity.

Sections 2.5.1 and 2.5.2 of this report evaluate the requirements of 10 CFR 100.23, “Geological
and seismic siting criteria,” Section (c) “Geological and seismological, and engineering
characteristics,” and Section (d) “Geological and seismic siting factors,” as they relate to
flooding.

In DCD Tier 2, Section 3.4.1, “Flood Protection,” the applicant discussed the flood protection
measures that are applicable to the AP1000 design for postulated external flooding resulting
from natural phenomena, as well as internal flooding from system and component failures. The
seismic Category | SSCs identified in DCD Tier 2, Section 3.2, “Classifications of Structures,
Components, and Systems,” are designed to withstand the effects of flooding due to natural
phenomena or postulated component failures. None of the non-safety-related SSCs were
found to be important based on flooding considerations. As a result, non-safety-related SSCs
are not important in the mitigation of flood events, and are not required by GDC 2 to be
protected from either internal or external flooding.

Based on this information, the staff concludes that the applicant has identified the SSCs that
require protection from external and internal floods.

3.4.1.1 External Flooding

The maximum flood level generally includes PMF generated by PMP or other combinations of
less severe environmental and manmade events, along with seismic and wind effects. In DCD
Tier 2, Section 2.4, “Hydrologic Engineering,” the applicant stated that the AP1000 is designed
for a normal ground water elevation up to 29.9 meters (m) (98 feet (ft)) which is 0.6 m (2 ft)
below grade elevation, and for a PMF up to grade elevation. Although the grade elevation is
defined as 30.5 m (100 ft), the actual grade will be a few inches lower to prevent surface water
from entering doorways. The PMF results from site-specific events, such as river flooding,
upstream dam failure, or other natural causes. The COL applicant will evaluate events leading
to potential flooding and demonstrate that the design will fall within the values of these site
parameters. This is COL Action Item 3.4.1.1-1.

External flooding does not occur from PMP. The roofs of the AP1000 buildings do not have
drains or parapets and are sloped such that rainfall is directed towards gutters along roof
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edges. Therefore, ponding on the roof tops does not occur. Water from roof drains and/or
scuppers flow to catch basins, underground pipes, or open ditches by sloping site yard areas.
DCD Tier 2, Table 2-1, defines PMP as 49.3 centimeters per hour (cm/hr) (19.4 inches per hour
(in./hr)) and the maximum static roof load due to snow and ice buildup as 3.6 kPa (75 pounds
per square foot (Ib/ft-sq)). The roofs of the auxiliary and shield buildings are designed for snow
loads in accordance with ASCE 7-98.

The applicant identified the following components that are postulated to be sources of external
flooding:

. two fire water tanks with a capacity of 1230 and 1514 kiloliters (kL) (325,000 and
400,000 gallons (g)), respectively, located near the turbine building (DCD Tier 2,
Section 9.5.1, “Fire Protection System”)

. the condensate storage tank with a capacity of 1836 kL (485,000 g), located near the
turbine building (DCD Tier 2, Section 9.2.4, “Demineralized Water Transfer and Storage
System”)

. the demineralized water storage tank with a capacity of 378 kL (100,000 g), located near

the annex building (DCD Tier 2, Section 9.2.4)

. the boric acid storage tank with a capacity of 265 kL (70,000 g), located next to the
demineralized water storage tank (DCD Tier 2, Section 9.3.6, “Chemical and Volume
Control System”)

. two diesel fuel oil tanks, each with a capacity of 379 kL (100,000 g), which are not
located near structures housing safety-related equipment and include dikes to retain
leaks and spills (DCD Tier 2, Section 9.5.4, “Standby Diesel and Auxiliary Boiler Fuel Oil
System”)

. the passive containment cooling ancillary water storage tank with a capacity of 2953 kL
(789,000 g), located at the west side of the auxiliary building (DCD Tier 2,
Section 6.2.2.3, PCS Safety Evaluation)

Failure of the cooling tower, service water piping, or circulating water piping also constitute
potential sources of external flooding. However, they are not located near structures housing
safety-related equipment.

The AP1000 safety-related systems and components are housed exclusively in seismic
Category | structures (i.e., the containment and auxiliary buildings). Seismic Category |
structures are located such that the land slopes away from the structures. This ensures that
external flood water will drain away from the structure and prevent water pooling near the
structure. In addition, and as stated previously, the actual grade is a few inches lower than
building entrances to prevent surface water from entering doorways.

The portions of seismic Category | structures located below the grade elevation are protected
from external flooding by waterstops and a waterproofing system. Crystalline waterproofing
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material is applied to both vertical and horizontal exterior surfaces below grade. Waterstops
are installed in exterior construction joints below grade.

The AP1000 design minimizes the number of penetrations through exterior walls below grade.
Penetrations below the maximum flood level (Elevation 100’) will be watertight. Process piping
and electrical raceways that penetrate an exterior wall below grade either will be embedded in
the wall or will be welded to a steel sleeve embedded in the wall. Exterior walls are designed
for maximum hydrostatic loads, as are penetrations through the walls. Below grade there are
Nno access openings or tunnels penetrating the exterior walls of the nuclear island, which
consists of the containment, shield, and auxiliary buildings.

The basemat and exterior walls of seismic Category | structures are designed to withstand the
maximum lateral and buoyancy forces associated with the PMF and the highest postulated
ground water level. Hydrodynamic forces were not considered in the structural design because
the PMF and the highest postulated ground water level are below the finished grade.

In RG 1.59, the NRC discusses the design-basis floods that nuclear power plants should be
designed to withstand without loss of capability to achieve and maintain a cold shutdown
condition. In Position C.1 of RG 1.59, the NRC states, in part, that the conditions resulting from
the worst-probable, site-related flood at a nuclear power plant, with attendant wind-generated
wave activity, should constitute the design-basis flood condition from which safety-related SSCs
must be protected. The AP1000 safety-related SSCs are designed to withstand the effects of
external flooding in accordance with the above-stated criteria of Position C.1 of RG 1.59.

Based on its review, and for the reasons set forth above, the staff concludes that the applicant
has properly identified the design-basis flood assumed for the AP1000 design, and has
provided adequate guidance for the COL applicant to ensure that safety-related SSCs will be
adequately protected from the worst-probable, site-related flood conditions. Therefore, the staff
concludes that the AP1000 design conforms to the guidelines of Position C.1 of RG 1.59.

In Position C.2 of RG 1.59, the NRC provides alternative guidance for flood protection when the
“hardened protection” method is not used. The hardened protection method provides that
passive structural provisions be incorporated into the plant design to protect safety-related
SSCs from the static and dynamic effects of floods. The AP1000 reinforced concrete seismic
Category | structures, incorporating the waterproofing and sealing features previously
described, provide hardened protection for safety-related SSCs, as defined in RG 1.59.
Therefore, it is not necessary to utilize Position C.2 of RG 1.59 for the flood design.

In RG 1.102, the NRC describes the types of flood protection acceptable to the NRC staff for
safety-related SSCs. In Position C.1 of RG 1.102, the NRC provides definitions of the various
types of flood protection acceptable to the staff. One such acceptable method incorporates a
special design of walls and penetrations. The walls are reinforced concrete, designed to resist
the static and dynamic forces of the design-basis flood and incorporate waterstops at
construction joints to prevent in-leakage. Penetrations are sealed and also capable of
withstanding the static and dynamic forces of the design-basis flood. As described above, the
AP1000 flood design incorporates these protective features. Therefore, the staff concludes that
the flood design conforms with the guidelines of Position C.1 of RG 1.102.
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In Position C.2 of RG 1.102, the NRC discusses the technical specifications and emergency
operating procedures necessary to utilize Position C.2 of RG 1.59. However, as discussed
above, Position C.2 of RG 1.59 does not apply to the AP1000 flood design, which incorporates
hardened protection. Consequently, Position C.2 of RG 1.102 is not applicable.

Based on the evaluation of the information provided in the DCD, and for the reasons set forth
above, the staff concludes that the applicant has adequately characterized the PMP and PMF
for the AP1000 flood design and provided design features to protect safety-related equipment
from external flood effects associated with the PMP, PMF, ground water seepage, and system
and component failures. Therefore, as applicable, the flood design meets the guidelines of
RG 1.59 with regard to the methods used for establishing the PMF and PMP. The design also
meets the guidelines of RG 1.102 with regard to acceptable external flood protection methods.

The AP1000 design can be used at either single-unit or multiple-unit sites. If more than one
unit is built on the same site, the COL applicant should verify that the site-specific flood
conditions are within the site parameters assumed in the AP1000 design.

3.4.1.2 Internal Flooding

Safety-related systems and components for the AP1000 are located in the containment and
auxiliary buildings. Redundant safety-related systems and components are physically
separated from each other, as well as from non-safety-related components. Therefore, the
failure of a system or component may render one division of a safety-related system inoperable,
while the redundant division is available to perform its safety function. Other protective features
used to minimize the consequences of internal flooding include the following:

structural enclosures

structural barriers

curbs and elevated thresholds

systems and components used for leakage detection
drainage systems

In the DCD, the applicant included the results of internal flooding analysis which described the
consequences of compartment flooding for various postulated component failures. The
analysis included the following elements:

identification of flood sources

identification of essential equipment in each area
determination of maximum flood levels

evaluation of flood effects on essential equipment

The applicant identified the following flood sources considered in the analysis:

high-energy piping (breaks and cracks)
moderate-energy piping (through-wall cracks)
pump mechanical seal failures

storage tank ruptures

actuation of fire suppression systems
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. flow from upper elevations and adjacent areas

Based on the above, and information provided in DCD Tier 2, Section 3.6.1, “Postulated Piping
Failures Inside and Outside Containment,” the staff did not identify other internal flood sources.
The staff, however, requested that the applicant clarify its treatment of nonseismically
supported, moderate-energy piping with respect to possible pipe ruptures as a result of a
seismic event. In its response to RAI 410.001, the applicant revised the above listing to delete
“moderate-energy piping (through-wall cracks)” as an identified flood source, and added the
following two flood sources:

. through-wall cracks in seismically supported, moderate-energy piping
. breaks and through-wall cracks in nonseismically supported, moderate-energy piping

The staff did not identify any other internal flood sources. Based on these changes to the DCD,
which clearly identify moderate-energy piping flood sources, the staff concludes that the
applicant has adequately identified all the internal flood sources for the AP1000 design.

The criteria discussed in DCD Tier 2, Section 3.6, “Protection Against the Dynamic Effects
Associated with the Postulated Rupture of Piping,” were used to define break and crack
configurations and locations for both high- and moderate-energy fluid piping failures. In
addition, storage tanks were assumed to fully discharge their inventory when a tank rupture was
postulated. Except for floor drains, no credit was taken for non-safety-related equipment to
mitigate a flooding event.

Because the PMF for the AP1000 design is below grade elevation, the exterior doors are not
required to be watertight for protection from external flooding. There are no watertight doors
used for internal flood protection because they are not needed to protect safe-shutdown
components from the effects of internal flooding. Safety-related equipment is located above the
maximum anticipated flood levels for the area. Interior walls are designed to withstand the
maximum hydrostatic loads associated with the maximum flood level in a given area. The
design minimizes the number of penetrations through interior walls below the maximum flood
level. Those penetrations below the maximum flood level are watertight and can withstand the
maximum hydrostatic loads. Process piping penetrating below the maximum flood level either
will be embedded in the wall or will be welded to a steel sleeve embedded in the wall.

DCD Tier 2, Section 7.4, “Systems Required for Safe Shutdown,” identifies safety-related
systems and components needed for safe shutdown. The safe shutdown systems and
components located in containment are associated with the PXS, the ADS, and the
containment isolation valves (CIVs).

In the DCD, the applicant identified seven compartments in containment that are subject to full
or partial flooding. These include the reactor vessel cavity, two steam generator (SG)
compartments, a vertical access tunnel, the chemical and volume control system (CVS)
compartment, and two PXS compartments (PXS-A in the southeast quadrant of containment
and PXS-B in the northeast quadrant of containment). Of these compartments, only the two
PXS compartments contain safe-shutdown equipment. Both compartments are below the
maximum flood water level (Elevation 107'-2"). The reactor coolant system (RCS) cavity and
the two SG compartments are connected by the vertical access tunnel. These compartments

3-18



Design of Structures, Components, Equipment, and Systems

are combined into one floodable volume called the RCS compartment. The PXS-A, PXS-B,
and CVS compartments comprise the remaining separate flood volumes.

As discussed below, flooding in the PXS-A, PXS-B, or CVS compartments may result in some
flooding of the RCS compartment, but will not result in flooding of any other compartment. The
maximum flood level in containment assumes that the combined water inventory from all
available sources in containment will flood the reactor and SG compartments to a level above
the RCS piping during a loss-of-coolant accident (LOCA). The available flooding sources are
the RCS, two accumulators, two core makeup tanks (CMTs), the IRWST, and makeup from the
cask loading pit and boric acid tank. The flood water would cover the break location and allow
backflow either through the break or via the PXS recirculation system flow path. In the event
that the source of the containment flooding cannot be terminated, the resulting maximum flood
level in containment is at Elevation 108’-10".

The fire protection system (FPS) and demineralized water transfer and storage system (DWS)
are open-cycle systems that enter the containment. However, they are limited source systems.
These systems are isolated during plant operation and are not a potential flooding source.
They also have containment isolation valves which are redundant, such that two failures are
needed to fail pipes with water.

The internal flood analysis considered single failures, such as a break of the 20.3 cm (8 in.)
direct vessel injection line, the 30.5 cm (12 in.) normal residual heat removal (RNS) line, the
20.3 cm (8 in.) accumulator injection line, and the 25.4 cm (10 in.) IRWST lines. The worst
flood conditions result from a break in the 20.3 cm (8 in.) direct vessel injection line. In this
case, flooding would occur as a result of blowdown of the RCS, as well as from the CMT and
the accumulator.

The reactor vessel cavity and the adjoining equipment room are located at the lowest level of
the containment (Elevation 71’-6"). The equipment room contains the containment sump
pumps. Floor drains from the PXS-A, PXS-B, and CVS compartments are routed to the
containment sump. Reverse flow to these three compartments is prevented by the use of
redundant safety-related backflow preventers. Flow through each drain line, as well as total
flow from all drain lines, is monitored in the MCR.

Containment flooding is detected through the use of the containment sump level monitoring
system and the containment flood-up level instrumentation. The containment sump level
monitoring system uses redundant, seismically qualified level sensors to detect sump level.
Level signals are transmitted to the MCR and to the leakage detection monitoring equipment.
The leakage detection monitors cause the initiation of appropriate safety actions when there is
an indication of leakage (DCD Tier 2, Section 5.2.5, “Detection of Leakage Through Reactor
Coolant Pressure Boundary”). The containment flood-up level instrumentation consists of
redundant, Class 1E sensor racks that monitor the water level from the bottom of the reactor
vessel cavity to the top of the vertical access tunnel. Level indications are transmitted to the
MCR.

The PXS-A and PXS-B compartments and the CVS compartment in containment are physically

separated and isolated from each other by a structural wall so that flooding in one compartment
cannot cause flooding in the other compartment. They are located below the maintenance floor
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level (Elevation 107°-2"). Curbs are provided around the openings that penetrate the
maintenance floor to prevent flooding of the compartments during a LOCA event until the water
level on the maintenance floor reaches the top of the curbs. The elevations at the top of the
curbs are 108’-10" and 108'-9" for PXS-A and PXS-B, respectively. The curb for the CVS
compartment is lower than the PXS compartment curbs to preferentially allow flooding of the
CVS compartment first.

Inside the PXS compartments, automatically actuated CIVs include one normally closed CIV for
the spent fuel pit cooling system in PXS-A and three normally closed CIVs for the RNS in
PXS-B. These ClVs are not required for safe-shutdown operation and will not fail open under
flooded conditions. In addition, redundant CIVs are provided on each line outside of
containment. Each PXS compartment also contains a set of normally closed air-operated CMT
isolation valves. These compartments also contain one normally open accumulator isolation
valve and one normally open IRWST isolation valve. Because these valves are normally open,
they do not need repositioning during flooded conditions.

In addition, each PXS compartment contains four PXS containment recirculation subsystem
isolation valves. A normally closed, explosively actuated valve is located in each of two parallel
flow paths. One of the lines includes a check valve in series with the explosively actuated
valve. The other line includes a normally closed, motor-operated valve in series with the
explosively actuated valve. The explosively actuated and motor-operated valves are opened on
a low IRWST-level signal to provide a redundant flow path from the flooded reactor/SG
compartments to the reactor vessel. One set of these redundant containment recirculation
subsystem isolation valves is required to open to provide a redundant recirculation flow path to
the reactor vessel. In the unlikely event that one of the two PXS compartments were to be
flooded, the set of recirculation valves in the other, unflooded compartment could be opened.
Thus, a redundant, parallel flow path to the PXS system containment recirculation subsystem is
provided.

The auxiliary building upper annulus provides the air flow path for the PCS. The annulus floor
has a curb on the outside with a flexible seal which blocks communication with the middle
annulus below. The outside wall of the upper annulus has redundant, physically separated
drains which discharge to the yard drainage system to limit water accumulation. These safety-
related drains are required for operation of the PCS. The worst-case flooding in the annulus
occurs when non-safety floor drains are blocked concurrent with an inadvertent opening of a
PCS cooling water isolation valve. During this postulated event, the maximum water height is
approximately 61 cm (24 in.). This level is not high enough to affect the operation of PCS air
cooling, and no other safety-related equipment can be affected by this event.

The PCS valve room contains three redundant safety-related trains for the PCS. A through-wall
crack of the PCS piping is the only flooding source for this room. Leakage will flow down to the
landing at Elevation 264'-6"; the water will then flow through floor drains or under doors to the
upper annulus and be discharged through redundant drains to the storm drain. A negligible
amount of water will accumulate in the valve room. The PCS isolation valves are located above
the maximum flood level in the valve room, so they remain operable. Level sensors in the valve
room drain sump alarm in the MCR to alert operators to take corrective action if an abnormal
water level in the valve room is detected. No safety-related equipment is affected by the worst-
case flood scenario.
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Based on its review, as set forth above, the staff concludes that the applicant properly identified
safety-related equipment and flood hazards in containment and provided an adequate means of
protecting safety-related equipment from the identified flood hazards in containment.

In the DCD, the applicant identified the safety-related equipment in the auxiliary building which
requires flood protection on a room-by-room basis, depending on the relative location of the
equipment. The auxiliary building is separated into radiologically controlled areas (RCAs) and
nonradiologically controlled areas (NRCAs). On each floor, these areas are separated by
structural walls and floor slabs that are 0.61 to 0.91 m (2 to 3 ft) thick. These structures are
designed to prevent floods which may occur in one area from propagating to another. Electrical
penetrations between RCAs and NRCAs are located above the maximum flood level. Process
piping penetrations between the two areas are embedded in the wall or are welded to a steel
sleeve in the wall.

The NRCAs are divided into mechanical equipment areas and electrical equipment areas. The
electrical equipment areas are further divided into areas housing Class 1E electrical equipment
and non-Class 1E electrical equipment.

The safe-shutdown equipment located in the NRCAs is associated with the protection and
safety monitoring system (instrument and control (I&C) cabinets on Level 3), the Class 1E direct
current (dc) system (Class 1E batteries on Levels 1 and 2, and dc electrical equipment on

Level 2), and containment isolation. The NRCAs are designed to provide maximum separation
between the mechanical equipment and electrical equipment areas.

The mechanical equipment areas located in the NRCAs include the valve/piping penetration
room (Level 3), two main steam isolation valve (MSIV) rooms, and mechanical equipment
rooms (Levels 4 and 5). Flood water in these areas is routed to the turbine building or the
annex building via drain lines, controlled access ways, or blowout panels which vent from the
MSIV room to the turbine building.

The NRCAs are also designed to provide maximum separation between Class 1E and
non-Class 1E electrical equipment. These areas drain to a sump on Level 1 (Elevation 66'-6").

The AP1000 designh minimizes water sources in those portions of the NRCAs housing Class 1E
electrical equipment. In these areas, the only water sources are associated with firefighting,
emergency eyewash/shower, and battery washdown. No water accumulates on the upper
floors of the auxiliary building in these areas. Instead, flooding from these sources is directed
to Level 1 via floor drains, stairwells, and elevator shafts. The maximum postulated water
height on Level 1 is 30.45 cm (12 in.). The terminal height on the first row of batteries on
Level 1is 76.2 cm (30 in.). Therefore, the safety-related electrical equipment on Level 1 is
adequately protected from the anticipated worst-case flood conditions. Although the operation
of the sump pumps is not required for flood protection, the Level 1 sump pumps are designed
to remove (with two pumps operating) approximately 946.4 liters per minute (L/min)

(250 gallons per minute (gpm)), which is equivalent to the maximum flow associated with the
operation of two fire hose stations.
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The MCR and the remote shutdown workstation (RSW) are also located in the NRCAs. The
MCR and the RSW are adequately protected from flooding due to limited sources of flood
water, pipe routing, and drainage paths.

In DCD Tier 2, Section 3.11, “Environmental Qualification of Mechanical and Electrical
Equipment,” the applicant stated that in the event of potential flooding/wetting, one of the
following criteria is applied for protecting equipment for service in such an environment:

. Equipment will be qualified for submergence due to flooding/wetting.
. Equipment will be protected from wetting due to spray.
. Equipment will be evaluated to show that failure of the equipment due to

flooding/wetting is acceptable because its safety-related function is not required or has
otherwise been accomplished.

In the NRCAs, mechanical and electrical equipment are separated by concrete walls and floors
that form a watertight barrier. The Class 1E components in the mechanical equipment area are
the CIVs, the main steam and feedwater (MS & FW) isolation valves and the MS & FW line
instrumentation. This equipment is either protected from spray wetting or is environmentally
qualified for spray conditions. The doors for the battery rooms are normally closed because
they also serve as fire barriers (these doors utilize automatic closers). These doors will prevent
spray from sources outside the battery room from affecting equipment in the room.

The four Class 1E electrical divisions in the NRCAs of the auxiliary building are separated

by 3-hour-rated fire barriers. Portions of these fire barriers also serve as flood barriers. With
the exception of the heating, ventilation, and air conditioning (HVAC) ducts that penetrate these
barriers and are below the maximum flood level, none of the wall penetrations in Class 1E
electrical areas will need to be watertight because they are located above the maximum flood
level. The HVAC ducts that penetrate these barriers, and are below the maximum flood level,
are designed to be watertight. Floor penetrations between rooms of the same division need not
be watertight.

The FPS is the only open-cycle system that enters the mechanical equipment areas of the
NRCAs. Fire water will drain from these areas to the turbine building or annex building. The
FPS and DWS are open-cycle systems that enter the electrical equipment areas of the NRCAs.
The maximum diameter of the DWS piping is 2.54 cm (1 in.) and, therefore, is not considered a
credible flood source. Class 1E electrical equipment areas use limited water volume hose
stations.

Based on the evaluation of the DCD information set forth above, the staff concludes that the
applicant properly identified safety-related equipment and flood hazards in the NRCAs and
provided adequate means of protecting safety-related equipment from the identified flood
hazards in the NRCAs of the auxiliary building.

Flood sources in the RCAs include the component cooling water system (CCS), central chilled
water, hot water, spent fuel pit cooling, RNS, FPS, DWS, CVS, and various tanks. Flood water
that results from component failures in the RCAs is directed to the Level 1 drain collection sump
via the vertical pipe chase, floor gratings, floor drains, stairwells, and elevator shafts. Little
water accumulates in the RCAs at higher levels inside the building. The safe-shutdown
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equipment located in the RCAs is primarily CIVs that are located on Level 2 near the
containment vessel and above the maximum flood level for the area. In addition, these CIVs
either close or remain closed during safe-shutdown operations, thus, they are not affected by
flooding in the auxiliary building. There is no safe-shutdown equipment on Level 1. The HVAC
duct penetrations in the walls in these areas are above the maximum flood levels. Therefore,
safety-related systems and equipment in the RCAs of the auxiliary building are protected from
the effects of flooding.

Some doorways between the auxiliary building and the adjacent turbine, annex, and radwaste
buildings are double doors located above grade elevation. These doors are not watertight.
Water from internal flooding in areas adjacent to the auxiliary building is directed away from or
prevented from entering the auxiliary building. The containment and auxiliary buildings (which
house all of the safety-related equipment) have a common basemat, and there are no tunnels
below grade between these two buildings. In addition, there are no tunnels connecting either of
these buildings to any other building.

Based on the evaluation of the DCD information set forth above, the staff concludes that the
applicant properly identified safety-related equipment and flood hazards in the RCAs and
provided an adequate means of protecting safety-related equipment from the identified flood
hazards in the RCAs of the auxiliary building.

The turbine building is subject to flooding from a variety of potential sources, including the
circulating water, service water, condensate/feedwater, component cooling water, turbine
building cooling water, demineralized water, and fire protection systems, as well as the
deaerator storage tank. However, no safety-related equipment exists in the turbine building.
The applicant performed flooding analysis and determined that the bounding flooding source for
the turbine building is a break in the circulating water piping that would result in flooding of the
Elevation 100'-0" floor. Flow from this break runs out of the building to the yard through a relief
panel in the turbine building west wall. This limits the maximum flood level to less than 6
inches. The component cooling water and service water components on Elevation 100’-0" that
provide support for the RNS are expected to remain functional following a flooding event in the
turbine building because the pump motors and valve operators of the component cooling water
and service water systems are above the expected flood level.

The waste water system (WWS) sump pumps located in the NRCA of the auxiliary building
discharge to the turbine building drain tank. The discharge line into the drain tank is provided
with a standpipe to prevent siphoning back to the auxiliary building NRCA sump.

Based on its review as described above, the staff concludes that the applicant has adequately
evaluated flooding events in the turbine building and concurs with the applicant’s conclusion
that safety-related equipment will not be affected.

Based on the evaluation of the DCD information set forth above, the staff concludes that the
applicant provided adequate features in the AP1000 flood design to ensure that safety-related
systems will be adequately protected from flood-related effects associated with both natural
phenomena and system and component failures. Therefore, the staff concludes that the flood
design meets the requirements of GDC 2 as they relate to protecting safety-related SSCs from
the effects of floods.
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The staff’s review of the flood protection design included systems and components whose
failure could prevent safe shutdown of the plant and maintenance thereof, or result in significant
uncontrolled release of radioactivity. Based on its review of the proposed flood protection
criteria for safety-related SSCs necessary for safe shutdown during and following flood
conditions resulting from external or internal causes, the staff determined for the reasons set
forth above that the capability of the design to protect safety-related SSCs from the effects of
floods are in accordance with the following criteria:

. Position C.1 of RG 1.59 regarding the design of safety-related SSCs to withstand the
worst-probable, site-related flood

. Position C.1 of RG 1.102 regarding the type of flood protection provided
Therefore, the staff concludes that the AP1000 design meets the applicable guidelines of
Section 3.4.1 of the SRP. Accordingly, the staff concludes that the AP1000 design for flood

protection conforms to the applicable regulations set forth in GDC 2 and is acceptable.

3.5 Missile Protection

3.5.1 Missile Selection and Description

3.5.1.1 Internally Generated Missiles (Outside Containment)

The staff reviewed the AP1000 design for protecting SSCs important to safety against internally
generated missiles (outside containment), in accordance with Section 3.5.1.1 of the SRP. The
acceptance criteria in SRP Section 3.5.1.1 specify that acceptance is based, in part, on the
staff’s verification that the applicant’s SSCs important to safety will be protected from internally
generated missiles by location in individual, missile-proof structures or by special localized
protective shields or barriers. Conformance with the acceptance criteria of the SRP forms the
basis for concluding that the design of the facility will provide protection against internally
generated missiles and satisfies the requirements of GDC 4, “Environmental and Dynamic
Effects Design Bases,” as they relate to protecting SSCs outside containment against the
effects of missiles outside containment that may result from equipment failures. This review
considered those missiles generated outside containment by rotating or pressurized
(high-energy fluid system) equipment. Section 3.5.1.3 of this report discusses the adequacy of
the facility design to protect against low-trajectory turbine missiles, including conformance to
RG 1.115, “Protection Against Low-Trajectory Turbine Missiles.”

In accordance with the review procedures of SRP Section 3.5.1.1, the staff considered the
following in its review of missile protection:

. plant design features for protecting SSCs important to safety outside containment
against internally generated missiles

. equipment design features that could reduce missile sources

. physical separation or orientation of missile sources such that the expected missile path
is in a direction that is away from safety-related SSCs
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. protective shielding and barriers that could confine potential internally generated
missiles
. hardening of safety-related equipment and components to withstand missile impact if a

missile strike cannot be reasonably avoided

The AP1000 design credits only safety-related systems to establish and maintain
safe-shutdown conditions. The safety-related systems and components needed to bring the
plant to safe shutdown, including the MCR and the RSW, are located inside the containment
shield building and the auxiliary building. Both buildings are seismic Category | nuclear island
structures having thick structural concrete walls that provide internal and external missile
protection. No non-safety-related systems or components that require protection from missiles
are housed in these buildings.

In DCD Tier 2, Section 3.5.1.1.2.4, “Credible Sources of Internally Generated Missiles (Outside
Containment),” the applicant stated that the only credible missile sources that can affect safety-
related SSCs are a few rotating components (e.g., pumps and fans) inside the auxiliary building
and a few pressurized components in high-energy systems (e.g., the CVS).

The staff reviewed the credible internally generated missiles from rotating equipment, such as
motor-driven pumps and fans. Protection against potential turbine-generator missiles is
addressed in DCD Tier 2, Section 3.5.1.3, “Turbine Missiles,” and evaluated in Section 3.5.1.3
of this report. The rotating components are not considered credible missile sources for one or
more of the following reasons:

. The rotating equipment has a housing or an enclosure that would contain the fragments
from a postulated failure or fracture of the rotating element.

. The rotating equipment (e.g., pumps, motors for valve operators, and mechanical
handling equipment, etc.) is in use less than 2 percent of the time because of the limited
risk for missile generation.

. The rotating equipment is in a compartment surrounded by structural concrete walls with
no safety-related systems or components inside the compartment.

In reviewing the missiles generated by pressurized components of high-energy fluid systems,
the applicant indicated that in addition to the design features, these missile sources are not
considered credible for other reasons, including the following:

. The pressurized components of high-energy systems inside the auxiliary building are
constructed to ASME Code, Section lll, requirements.

. The high-pressure gas storage cylinders, and attached piping and valves, inside the

auxiliary building are constructed to ASME Code, Section VIII (for the gas storage
cylinders), and Section Il (for the attached piping and valves) requirements.
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. Systems that exceed 93.3 °C (200 °F) or 1999.5 kPa (275 psig) for 2 percent or less of
the time during which the system is in operation, or that experience high-energy
pressure or temperature for less than 1 percent of the plant operation time, are
considered moderate-energy for the purpose of missile generation.

. Missiles generated from hydrogen explosions are not considered credible due to the
design of the systems which use or generate hydrogen. The hydrogen concentration in
the supply line from the hydrogen storage area is within the limits of NUREG/CR-2017,
“Proceedings of the Workshop on the Impact of Hydrogen on Water Reactor Safety.” A
failure of this line will not lead to an explosion. The battery compartments are well
ventilated, and the hydrogen bottles have a limited release volume. Furthermore, the
storage areas for plant gases are located away from the nuclear island.

. The bonnets of pressure-seal valves are designed in accordance with the requirements
of ASME Code, Section IlI, NB/NC/ND-3000 and NB/NC/ND-3500.

. The yoke attached to the valve body is not considered to be a pressure-retaining part.
Bolts and nuts do not become missiles unless they break, and the stored energy in nuts,
bolts, and nut/bolt combinations is not sufficient to generate a credible missile.

The staff reviewed the above-stated reasons to eliminate certain missile sources, in addition to
the detailed supporting information in DCD Tier 2, Section 3.5.1.3. These missile sources
either do not have sufficient energy to generate a credible missile or are protected with
structures and away from the nuclear island that they cannot cause damage to SSCs. As a
result of that review, the staff agrees with the applicant that the above-listed reasons are
adequate to eliminate the subject missile sources.

The applicant addressed the possibility of safety-relief valves becoming internally generated
missiles (outside containment). These bolted bonnet designs are constructed in accordance
with ASME Code, Section lll. They are prevented from becoming missiles by limiting stresses
in the bonnet to body bolting material in accordance with the ASME Code, and by designing the
flanges in accordance with the applicable Code requirements. Even if bolt failure were to occur,
the likelihood of all bolts experiencing simultaneous complete failure is not very credible. This
conclusion is consistent with operating experience that demonstrates a low incidence of
complete failure. The applicant stated that safety-relief valves in high-energy systems use a
bolt bonnet design that will preclude missile generation.

The piping and tubing that connects instrumentation, such as pressure, level, and flow
transmitters, to the pressure boundary of piping and components in high-energy systems are
designed with welded joints or compression fittings for the tubing. The welded connections
essentially eliminate the instrument as a missile source because the completed joint has a
greater design strength than the parent metal. Threaded connections, which could result in a
missile source, are not used to connect thermowells and similar fittings to high-energy systems
or components. With respect to instrumentation, such as pressure, level, or flow transmitters,
the quantity of high-energy fluid in these instruments is limited (i.e., low potential energy) and
will not result in missile generation.
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In DCD Tier 2, Section 3.5.1.1.2.4, the applicant addressed potential gravitational missiles
outside containment. Safety-related equipment outside containment is located in the auxiliary
building. Falling objects (e.g., gravitational missiles) heavy enough to generate a secondary
missile outside containment are postulated as a result of the movement of a heavy load or a
nonseismically designed SSC during a seismic event. DCD Tier 2, Section 9.1.5, “Overhead
Heavy Load Handling Systems,” addresses the protection of safety-related SSCs from missiles
during movement of heavy loads. Safety-related SSCs are either protected from nonseismically
designed SSCs, or the interaction is evaluated. The design provides physical separation
between the safety-related equipment and nonseismic SSCs to the maximum extent practical.

On the basis of its review as described above, the staff concludes that the design of the facility
meets the guidelines of Section 3.5.1.1 of the SRP. Therefore, the staff concludes that the
AP1000 design conforms with GDC 4 as it relates to protection against internally generated
missiles (outside containment).

3.5.1.2 Internally Generated Missiles (Inside Containment)

The staff reviewed the design of the facility for protecting SSCs important to safety against
internally generated missiles inside containment, in accordance with Section 3.5.1.2 of the
SRP. The acceptance criteria for SRP Section 3.5.1.2 specify that the design of SSCs is
acceptable if the integrated design affords missile protection in accordance with GDC 4, as it
relates to the ability of SSCs important to safety to withstand the effects of internally generated
missiles. It is acceptable to protect SSCs by locating the systems or components in individual
missile-proof structures, physically separated redundant systems or components of the system,
or providing special, localized protective shields or barriers.

Conformance with the acceptance criteria of the SRP forms the basis for concluding that the
SSCs to be protected from internally generated missiles inside containment meet the
requirements of GDC 4, as they relate to protecting SSCs against the effects of missiles that
can be internally generated during facility operation. Specifically, the staff's review
concentrated on the missiles associated with component overspeed failures, missiles that could
originate from high-energy fluid system failures, and missiles due to gravitational effects.

The applicant stated that credible missile sources inside containment that can adversely affect
safety-related SSCs are limited to a few rotating components. The safety-related systems and
components needed to bring the plant to a safe shutdown are inside the containment shield
building and auxiliary building. Both buildings have thick structural concrete exterior walls that
provide protection from internal missiles generated in other portions of the plant.

In DCD Tier 2, Section 3.5.1.2.1.1, “Missiles Not Considered Credible,” the applicant listed the
following potential sources of internally generated missiles:

. any failure of the rotating parts of the reactor coolant pump

. catastrophic failure of rotating equipment, such as pumps, fans, and compressors,
leading to the generation of missiles (e.g., reactor cavity supply fans)
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. failure of the reactor vessel, steam generator, pressurizer, core makeup tanks,
accumulators, reactor coolant pump castings, passive residual heat exchangers, and
piping leading to the generation of missiles

. gross failure of a control rod drive mechanism housing sufficient to create a missile from
a piece of the housing or to allow a control rod to be ejected rapidly from the core

. valves, valve stems, nuts and bolts, thermowells, and missiles originating in
non-high-energy fluid systems

The applicant stated that the above-mentioned potential missile sources are not considered
credible because insufficient energy exists to produce a missile, or by design, the probability of
creating a missile is negligible. The applicant evaluated the potential failure of the rotating
components in a shaft-seal reactor coolant pump and indicated that the mass of the structure
surrounding the impeller and the nonrotating elements of the pump motor is sufficient to contain
any missiles generated by the rotating parts.

In DCD Tier 2, Section 3.5.1.2.1.4, “Evaluation of Internally Generated Missiles (Inside
Containment),” regarding internally-generated missiles inside containment due to the failure of
other rotating components, the applicant stated that the rotating equipment in containment has
been eliminated as a missile source for one or more of the following reasons:

. The rotating equipment has a housing or an enclosure that would contain the fragments
of a postulated impeller failure and is not considered a credible missile source.

. Non-safety-related rotating equipment that is not separated from safety-related systems
or components has a housing or an enclosure to retain fragments from postulated
failure of the rotating element.

. Equipment in use less than 2 percent of the time (e.g., reactor coolant drain pumps,
containment sump pumps, motors for valve operators, mechanical handling equipment
and pumps) is not considered a missile source.

The failure of the reactor vessel, SG, pressurizer, CMTs, accumulators, reactor coolant pump
castings, passive residual heat exchangers, and piping leading to the generation of missiles is
not deemed credible. Gross failure of a control rod drive mechanism housing sufficient to
create a missile from a piece of the housing or to allow a control rod to be ejected rapidly from
the core is also not considered credible. The applicant does not consider these events a
credible source of missile generation because the material characteristics, preservice and
inservice inspections, quality control, conservative design, and prudent operation prevent the
generation of missiles from these components. The applicant also determined that the
non-safety-related rotating equipment inside containment is not considered to be a credible
missile source. The staff reviewed the applicant’s bases for eliminating the above missile
sources and concluded that they were acceptable. The staff therefore agrees with the
applicant’s conclusions regarding the elimination of the above components as credible missile
sources. DCD Tier 2, Section 3.5.1.2, “Internally Generated Missiles Inside Containment,”
includes additional bases for eliminating these sources.
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In DCD Tier 2, Section 3.5.1.2.1.4, the applicant stated that falling objects heavy enough to
generate a secondary missile are postulated as a result of the movement of a heavy load or a
nonseismically designed SSC during a seismic event. These falling objects are potential
gravitational missiles and may generate secondary missiles when they strike a high-energy
system. The internal energy of the damaged high-energy components may generate
secondary missiles. The applicant stated that striking a component with a falling object will not
generate a secondary missile due to pressurization of the component because of retention
features in the design of the component. Movement of heavy loads inside containment is
allowed only during shutdown when most of the high-energy systems are depressurized.
Non-safety-related equipment that could fall and damage safety-related equipment during an
earthquake is designed as seismic Category Il and is designed to preclude such failure. Design
and operational procedures of the polar crane inside containment preclude dropping a heavy
load, as discussed in DCD Tier 2, Section 9.1.5 and evaluated in Section 9.1.5 of this report.

Gas storage cylinders and attached valves and piping systems are considered to have the
potential to generate a missile when struck by a dropped object. In DCD Tier 2,

Section 3.5.1.2.1.4, the applicant stated that no high-pressure gas storage cylinders are located
inside the containment shield building. The staff, therefore, concludes that gas storage
cylinders inside containment do not present a potential missile source.

Missiles can be generated by a hydrogen explosion inside containment. Hydrogen is supplied
by the CVS. In DCD Tier 2, Section 3.5.1.2.1.2, “Explosions,” the applicant stated that the
quantity of hydrogen that could be released inside the containment, in the event of a hydrogen
supply line failure, is limited to the contents of a single bottle. Because the volume percent of
hydrogen that could be accumulated in the containment is less than the detonation limit, the
staff concludes that the amount of hydrogen that could be released to the containment would
not lead to an explosion.

On the basis of its review as described above, the staff concludes that the AP1000 design
meets the guidelines of Section 3.5.1.2 of the SRP. Therefore, the staff concludes that the
AP1000 design for protection from internally generated missiles inside the containment
conforms with GDC 4 as it relates to protection against internally generated missiles.

3.5.1.3 Turbine Missiles

GDC 4 requires that SSCs important to safety be protected against the effects of missiles that
might result from equipment failures. The steam turbine is considered to be a component
important to safety because if its massive rotor fails at a high rotating speed during normal
operating conditions of a nuclear unit, it could generate high-energy missiles that have the
potential to damage safety-related SSCs.

RG 1.115 and SRP Section 10.2, “Turbine Generator,” SRP Section 10.2.3, “Turbine Disk
Integrity,” and SRP Section 3.5.1.3, “Turbine Missiles,” guide the evaluation of the effect of
turbine missiles on public health and safety. As specified in SRP Section 3.5.1.3, the
probability of unacceptable damage from turbine missiles is expressed as the product of (1) the
probability of turbine missile generation resulting in the ejection of turbine disk (or internal
structure) fragments through the turbine casing, (P,); (2) the probability of ejected missiles
perforating intervening barriers and striking safety-related SSCs, (P,); and (3) the probability of
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impacted SSCs failing to perform their safety functions, (P;). In view of the operating
experience of turbines and the NRC safety objectives, the NRC staff shifted its emphasis in the
review of turbine missile issues from missile generation, strike, and damage probability,
P,xP,xP, to the missile generation probability, P,. The minimum reliability values (i.e., P,) for
loading the turbine and bringing the system on line were established in 1986. These minimum
recommended reliability values are P, less than10* per reactor-year for favorably oriented
turbines, and P, less than10 per reactor-year for unfavorably oriented turbines. These values
are derived from (1) simple estimates for a variety of plant layouts which show that P,xP, can
be reasonably taken to fall within the range of 10 to 107 per year for favorably oriented
turbines, and (2) the NRC criterion of 107 per year for P,xP,xP,, as stated in RG 1.115. The P,
calculation is related to maintenance and inspection of turbine rotors and valves, operating
experience of similar equipment, and inspection results.

3.5.1.3.1 Summary of Technical Information

The applicant relied on the turbine missile methodology and analytical results documented in
WCAP-15783, “Analysis of the Probability of the Generation of Missiles from Fully Integral
Nuclear Low Pressure Turbines,” and WCAP-15785, “Probabilistic Evaluation of Turbine Valve
Test Frequency,” to demonstrate that its evaluation of the AP1000 full integral nuclear low-
pressure turbines meets the NRC guidelines provided in RG 1.115 and SRP Sections 10.2,
10.2.3, and 3.5.1.3, and that the missile generation probability, P,, does not exceed the NRC
criterion of 10 for favorably oriented turbines.

WCAP-15783 assesses the potential for rotor bursting by evaluating four failure mechanisms,
(1) ductile burst from destructive overspeed, (2) fracture from high cycle fatigue (HCF),

(3) fracture from low cycle fatigue (LCF) cracking, and (4) fracture from stress-corrosion
cracking (SCC). Except for the ductile burst from destructive overspeed, which only includes
the deterministic analysis, WCAP-15783 provides complete analyses for HCF, LCF, and SCC.
The HCF analysis shows that adequate safety factors exist for initiation and propagation of a
turbine disk crack. Further, the turbine missile analysis considering LCF along shows that the
probability of missile generation is several orders-of-magnitude lower than the NRC criterion.
Hence, SCC is the dominant mechanism for determining the probability for missile generation.
In addition, the analyses show that the probability of turbine missile generation does not exceed
107 per reactor-year, even after a running time between inspections of several times longer
than 10 years.

Using detailed nuclear turbine failure data, WCAP-15785 assesses the total risk of turbine
missile ejection at destructive overspeed and at lower overspeeds as a function of valve test
interval. The evaluation shows that the probability of turbine missile generation, with quarterly
valve tests, is less than the NRC evaluation criteria.

3.5.1.3.2 Staff Evaluation

The staff utilized the guidelines of SRP Section 3.5.1.3 to review and evaluate the information
submitted by the applicant to ensure a low probability of turbine rotor failure. The evaluation of
P, relies, in part, on the evaluation of the materials, inspection, and maintenance of the turbine
rotors discussed in Section 10.2.8, “Turbine Rotor Integrity,” of this report. With the use of
proper turbine rotor design, proper materials (i.e., those properly heat treated and tested to
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determine that material properties meet specified criteria), and meaningful preservice and
inservice non-destructive examination (NDE) methods and acceptance criteria, the probability of
turbine missile generation, P,, is expected to have an acceptable value. The probability of
turbine missile generation should be kept to the values stated above (i.e., no greater than

107 per reactor-year for an unfavorably oriented turbine, and no greater than 10* for a
favorably oriented turbine).

The AP1000 will utilize a favorable turbine generator placement and orientation, and the
applicant is committed to meet RG 1.115, which should ensure an acceptably low probability of
unacceptable damage to safety-related SCCs. DCD Tier 2, Section 3.5.1.3, discusses turbine
missiles in general terms, with detailed information provided in DCD Tier 2, Section 10.2.3. The
technical elements discussed below also apply to the safety evaluation of DCD Tier 2,

Section 10.2.3, which is provided in Section 10.2.8 of this report.

The methodology and analytical results of the probability of turbine missile generation are
contained in the applicant’s submittals, including WCAP-15783 and WCAP-15785. The NRC
staff requested information in RAI 251.001 about the modifications made to the current turbine
missile methodology from methodologies previously approved by the staff. In its response to
RAI 251.001, the applicant did not directly provide the information requested regarding changes
from previously approved methodologies. However, the staff performed a detailed review to
identify and evaluate the modifications made to the previously approved turbine missile
methodologies; therefore, RAI 251.001 is considered to be closed. Staff evaluation of these
modifications is discussed below.

WCAP-15783 evaluated four potential failure mechanisms, (1) ductile burst from destructive
overspeed; (2) fracture from HCF cracking; (3) fracture from LCF cracking; and (4) fracture
from SCC. WCAP-15783 concludes that ductile burst will not occur before destructive
overspeed is reached (the probability of reaching destructive overspeed is discussed in
WCAP-15785). Also, the applicant concluded that the effect due to HCF cracking and LCF
cracking can be ignored because of their extremely low probabilities of generating turbine
missiles.

Notwithstanding the applicant’s probability argument, the staff reviewed this information and
determined that the applicant’s evaluation methodology and results for the ductile failure from
overspeed and HCF cracking are consistent with approved methodologies, and is, therefore,
acceptable. The evaluation methodology for fracture from LCF cracking is similar to that
previously reviewed in approved methodologies. The NRC staff evaluated the two parameters,
C, and n, in the Paris fatigue crack growth rate equation, da/dN= C_(AK)", which the applicant
used in the LCF analysis. The staff found these parameters acceptable because they were
derived from applicable test data and actual plant data. Although the data set is limited, it is
acceptable to the staff because the evaluation used a very conservative fracture toughness for
the disk material. The NRC staff also examined the failure equation and determined that it is
based on fracture mechanics using the acceptable Paris fatigue crack growth rate discussed
above. Further, except for the maximum undetectable crack size, the values of all remaining
deterministic parameters, such as flaw shape factor, critical crack depth, and cyclic stress
range, are conservative because (1) the flaw shape factor corresponds to a more
conservatively assumed flaw shape than industry data reveals, (2) the critical crack depth
corresponds to a very conservative K. value, and (3) the cyclic stress range corresponds to
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stresses at running speeds and design overspeeds of 120 percent, which are the peak stresses
during a startup cycle. Therefore, these values are acceptable to the NRC staff.

The NRC staff requested in RAI 251.002 that the applicant justify the use of the specified value
for the maximum undetectable crack size. In its response to RAI 251.002, the applicant
provided a length of 1.5 millimeters (mm) and an aspect ratio of 4 to 1 for the maximum
undetected flaw size, but did not provide a basis for the maximum undetected flaw size. This
was Open Item 3.5.1.3-1 in the DSER.

By letter dated April 4, 2003, the applicant provided Revision 1 to its response to RAI 251.001.
The applicant indicated that the ultrasonic testing (UT) device used to inspect the turbine rotors
is calibrated by test specimens of the same material with a 1.6 mm (0.063 in.) diameter hole.
Based on this calibration, UT performed on the rotor outer surface and center bore is able to
distinguish an artificial indication length of 1.5 mm (0.059 in.) from the reflected pulse.
Magnetic particle testing (MT) is performed on the rotor outer surface and the center bore.
Considering the sensitivity of MT in detecting flaws on the order of 0.5 mm (0.02 in.) in the
major dimension, as reported by Alex Vary’'s survey paper, “Nondestructive Evaluation
Technique Guidebook,” the staff concludes that the combination of MT and UT will detect a flaw
of 1.5 mm (0.059 in.) in length. Regarding the information in the applicant’s response on the
aspect ratio of the maximum undetectable crack size, the staff concludes that the aspect ratio
for the assumed flaw is consistent with industry service data and is, therefore, appropriate.
Therefore, Open Item 3.5.1.3-1 is resolved.

Regarding failure by SCC, the applicant responded to a staff question in RAI 251.002 on the
interaction of the LCF and SCC failure mechanisms. The response indicated that crack
initiation begins at different locations for SCC and LCF and the interaction between them is not
considered in the analysis. The staff finds it acceptable that the applicant did not consider this
interaction in the analysis. However, the applicant’s response to RAI 251.002 regarding the
SCC growth rate is not satisfactory. The SCC growth rate reported in WCAP-15783 is based
on a statistical analysis of 12 data points. Since the data set is considerably smaller than the
data set relied upon in past analyses, the applicant needed to expand the current database by
including available data on the same material from other sources.

Further, the staff was concerned that specified values or units for the coefficients in the SCC
growth equation may not be correct. Using an SCC growth rate of 4.5x10* mm/h

(1.77x107 in./n) from Table 4-5 of WCAP-15783, and the specified values for the coefficients
(a, b, and c) for the SCC growth calculation, would give a negative value for the yield strength,
which is not realistic. This was Open Item 3.5.1.3-2 in the DSER.

In its letter of July 3, 2003, the applicant provided a response to this open item by (1) clarifying
the nature of the 12 data points upon which the SCC growth rate is based, and (2) revising
Section 4.4.2 of WCAP-15783 by correcting the units for some key parameters in the SCC
growth rate equation. The new information indicates that these 12 “data points” should be
considered “data sources.” Each source was established using approximately 30 test
specimens. Hence, the database is actually 30 times larger than originally believed and is,
therefore, acceptable.
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As to the apparent mistake in the units for some key parameters in the SCC growth rate
equation which gave a negative value for the yield strength, Westinghouse provided
WCAP-15783, Revision 2, with appropriate corrections to these units. The staff verified that
using the parameters with the revised units would produce a reasonable SCC growth rate.
Based on the above discussion, Open Item 3.5.1.3-2 is resolved.

WCAP-15785 assesses the total risk of turbine missile ejection at destructive overspeed and at
lower overspeeds as a function of valve test interval. Section 10.2.8 of this report provides the
staff's evaluation and acceptance of WCAP-15785.

3.5.1.3.3 Conclusions

The applicant performed analyses for the determination of P, using the distribution of crack
growth rates and critical crack sizes and reported the results in WCAP-15783, to demonstrate
the probability of a rotor bursting at the design overspeed as a function of the inspection
interval. Section 10.2.8 of this report evaluates the adequacy of the inservice inspection (ISI)
and valve test intervals. The results indicate that the probability of missile generation is less
than 107 per year for an inspection interval several times longer than 10 years, although the
actual turbine ISl intervals discussed in Section 10.2.8 of this report are 10 years or less. The
staff concludes that the risk posed by turbine missiles for the proposed plant design is
acceptable and meets the relevant requirements of GDC 4. This conclusion is based on the
applicant having sufficiently demonstrated to the staff, in accordance with the guidance of

RG 1.115, that the overall probability of turbine missile damage to SSCs important to safety is
acceptably low.

3.5.1.4 Missiles Generated by Natural Phenomena

GDC 2 requires that SSCs important to safety be designed to withstand the effects of natural
phenomena, and GDC 4 requires that these same plant features be protected against missiles.
The staff reviewed the design of the AP1000 facility for protecting SSCs important to safety
from missiles generated by natural phenomena, in accordance with Section 3.5.1.4 of the SRP.
The design is considered to be in compliance with GDC 2 and 4 if it meets the guidance of

RG 1.76, Positions C.1 and C.2, and RG 1.117, “Tornado Design Classification,” Positions C.1
through C.3. Conformance with the SRP acceptance criteria forms the basis for concluding that
the design of the facility for providing protection against missiles generated by natural
phenomena meets the applicable requirements of GDC 2 and 4 with respect to protection
against natural phenomena and missiles.

The missiles generated by natural phenomena that are of concern are those resulting from
tornados. The tornado missile spectrum used by the applicant is Spectrum I, as identified in
SRP Section 3.5.1.4. The utility requirements document (URD) of the Electric Power Research
Institute (EPRI) for the ALWR passive plant requires that the selection of a tornado missile
spectrum be in accordance with American National Standards Institute/American Nuclear
Society (ANSI/ANS) 2.3, “Standard for Estimating Tornado and Extreme Wind Characteristics
at Nuclear Power Sites,” and that it meets the intent of current SRP criteria.

In DCD Tier 2, Section 3.3.2.1, the applicant provides the following design parameters for the
design-basis tornado:
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a maximum wind speed of 483 km/hr (300 mph)

a maximum rotational speed of 386 km/hr (240 mph)

a maximum translational speed of 97 km/hr (60 mph)

a radius of maximum rotational wind from center of tornado of 46 m (150 ft)
an atmospheric pressure drop of 14 kPa (2 psia)

a rate of pressure change of 8 kPa/sec (1.2 psia/sec)

The applicant selected these design parameters based on the maximum wind speed of the
eastern region of the United States, in accordance with NUREG/CR-4664, “Tornado
Climatology of the Contiguous United States.” The applicant stated that the design parameters
are consistent with the ALWR URD for passive plant design that bound the tornado hazard
anywhere in the contiguous United States. The staff finds that the selected spectrum conforms
to a site with a tornado velocity less than 483 km/hr (300 mph), and the parameters for the
design-basis tornado are acceptable.

An evaluation of the protection afforded safety-related equipment from the identified tornado
missiles, including conformance with RG 1.117, is discussed separately in Section 3.5.2 of this
report. Section 3.5.3 of this report provides an evaluation of the design of missile barriers and
protective structures to withstand the effects of the identified tornado missiles.

On the basis of its review, and for the reasons set forth above, the staff concludes that the
AP1000 design meets the requirements of GDC 2 and 4 with respect to protection against
natural phenomena and missiles. The design also meets the guidance of RGs 1.76 and 1.117
with respect to identification of missiles generated by natural phenomena. Therefore, the staff
concludes that the tornado missile spectrum is properly selected for a reference site, so long as
the reference site meets the guidelines in Section 3.5.1.4 of the SRP.

3.5.1.5 Missiles Generated by an Event near the Site

In DCD Tier 2, Section 3.5.1.5, “Missiles Generated by Events Near the Site,” the applicant
stated that the site interface is established to address site-specific missiles in the COL
application. The AP1000 missile interface criteria are based on the tornado missiles described
in DCD Tier 2, Section 3.5.1.4. Additional analyses are needed to evaluate other site-specific
missiles. Each COL applicant referencing the AP1000 will provide analyses of accidents
external to the nuclear plant. This is COL Action Item 3.5.1.5-1.

The determination of the probability of occurrence of potential accidents that have severe
consequences is based on the analyses of available statistical data on the occurrence of an
accident involving the plant’s safety-related structures and components. If an accident is
identified for which the probability of severe consequences is unacceptable, specific changes to
the AP1000 plant will be identified in the COL application. In DCD Tier 2, Section 2.2, “Nearby
Industrial, Transportation, and Military Facilities,” the applicant specified the threshold of the
total annual frequency of occurrence as 1.0E-6 per year for all external event-induced accidents
leading to severe consequences, including explosions, flammable vapor clouds, toxic
chemicals, fires, and airplane crashes. Based on the SRM dated June 26, 1990, responding to
SECY-90-016, “Evolutionary Light-Water Reactor (LWR) Certification Issues and Their
Relationships to Current Regulatory Requirements,” in which the Commission approved the
overall mean frequency of a large release of radioactive material to the environment from a
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reactor accident as less than one in one million per year of reactor operation, the staff finds this
to be acceptable.

3.5.1.6 Aircraft Hazards

In DCD Tier 2, Section 3.5.1.6, the applicant established the site interface to address aircraft
hazards in the COL application. The AP1000 missile interface criteria are based on the tornado
missiles described in DCD Tier 2, Section 3.5.1.4. Additional analyses are needed to evaluate
other site-specific missiles. Each COL applicant referencing the AP1000 will provide analyses
of accidents external to the nuclear plant. The determination of the probability of occurrence of
potential accidents which could have severe consequences will be based on the analyses of
available statistical data on the occurrence of an accident involving the plant’s safety-related
structures and components. This is COL Action Item 3.5.1.5-1.

SRP Section 3.5.1.6 of NUREG-0800 describes acceptable methods of evaluating site-specific
aircraft hazards. If an accident is identified for which the probability of exceeding 10 CFR
Part 100 dose guidelines is unacceptable, specific changes to the AP1000 will be identified in
the COL application. In DCD Tier 2, Section 2.2, the applicant specified the threshold of the
total annual frequency of occurrence as 10 per year for all external event-induced accidents
leading to severe consequences, including airplane crashes leading to missile impact or fire in
the vicinity of the plant. This conforms to the acceptance criteria described in SRP

Section 2.2.3, “Evaluation of Potential Accidents,” wherein the rate of occurrence of potential
exposures in excess of the 10 CFR Part 100 guidelines is estimated not to exceed the NRC
staff objective of approximately 107 per year. The SRP acceptance criteria states that 10° is
acceptable if, when combined with reasonable qualitative arguments, the realistic probability
can be shown to be lower. Since the 107 criterion is for each postulated type of accident or
event, and with an expected total frequency of 10 per year for all external events, the staff
concluded that the realistic probability for each type of accident was lower.

In addition, in the SRM dated June 26, 1990, the Commission approved the overall mean
frequency of a large release of radioactive material to the environment from a reactor accident
as less than one in one million per year of reactor operation. On the basis of the above, the
staff finds the applicant’s approach to addressing site-specific aircraft hazards to be acceptable.

3.5.2 Protection From Externally Generated Missiles

The staff reviewed the AP1000 design for its ability to protect SSCs important to safety against
tornado-generated missiles, in accordance with Section 3.5.2 of the SRP. The SRP
acceptance criteria specify that the design shall meet GDC 2 and 4 with respect to protection
against natural phenomena and missiles and this acceptance is based on meeting the
guidelines of RG 1.13, “Spent Fuel Facility Design Basis”; RG 1.27, “Ultimate Heat Sink for
Nuclear Power Plants” (concerning tornado missile protection for safety-related SSCs, including
stored spent fuel and the ultimate heat sink); RG 1.115 (with respect to protection against
turbine missiles); and RG 1.117 (with respect to the protection of SSCs important to safety from
the effects of tornado missiles). Section 3.5.1.4 of this report discusses the tornado missile
spectrum for the AP1000 design. As set forth in that section, the design is based on an
acceptable tornado missile spectrum. The staff's review of externally generated missiles does
not include turbine missiles; Section 3.5.1.3 of this report evaluates these types of missiles.
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In Section 3.5.2 of the SRP, the staff states that the SSCs required for safe shutdown of the
reactor should be identified. The identification of SSCs to be protected from externally
generated missiles is acceptable, if it is in accordance with the requirements of GDC 2 and 4.
These SSCs are identified in DCD Tier 2, Section 7.4. The structural design requirements for
the shield building and auxiliary building are outlined in DCD Tier 2, Section 3.8.4. Openings
through external walls are evaluated on a case-by-case basis to ensure that a missile passing
through the opening would not prevent a safe shutdown of the plant and would not result in an
offsite release exceeding the limits of 10 CFR Part 100. As set forth in DCD Tier 2,

Section 3.5.2, “Protection from Externally Generated Missiles,” the COL applicant will evaluate
site-specific hazards for external events that may produce mi