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In support of the AP1000 Design Certification Amendment Application, Westinghouse is submitting
Revision 4 of APP-GW-GLR-005 AP1000 Standard Combined License Technical Report (TR-09). The
purpose of TR-09 is to summarize the design of containment vessel elements (reinforcement) adjacent to
concentrated masses (penectrations) in compliance of COL Information Item 3.8-1.

Revision 0 of the report addressed the equipment hatches and the airlocks. In a December 2006 meeting
in Pittsburgh, the NRC asked that the report also address the main steam and feedwater penetrations and a
round of Requests for Additional Information (RAIs) was received. Revision 1 to Technical Report 9
describes the final design of penetration reinforcement for the main steam and feedwater penetrations, and
addresses the responses to the RAIs. It also addresses the effect of extending the applicability of the
AP1000 containment vessel design to soil sites.

Additional RAls were received via NRC letter dated May 18, 2007 from Mike Miernicki to Andrea
Sterdis, “Westinghouse AP1000 Combined License Pre-Application Technical Report 9 - Request for
Additional Information (TAC NO. MD 1847).” Responses to these RAIs are incorporated into Revision 2
to Technical Report 9 as follows: responses to RAI-TR09-001 through RAI-TR09-008, provided via letter
DCP/NRC1986 dated September 5, 2007; responses to RAI-TR09-001 R1, -004 R1, -005 R1, and -006
R1, provided via letter DCP/NRC2131 dated May 2, 2008; response to RAI-TR09-008 R1, provided via
letter DCP/NRC2132 dated May 12, 2008; and responses to RAI-TR09-001 R2, -003 R1, -004 R2, -005
R2, -006 R2, and -008 R2, provided via letter DCP/NRC2261, dated September 15, 2008.

The containment vessel design specification claims the ASME BPVC exemption from detailed fatigue
analysis for cyclic operation. During the NRC review of seismic issues and analyses held April 13-17,
2009, the staff asked that this provision be confirmed, which Westinghouse subsequently did with
calculation APP-MV50-GEC-001 R1. Revision 3 to Technical Report 9 was prepared to add this
explanation and a reference to this calculation.

Revision 4 of the TR incorporates improvements to the CV model and analyses in several areas, including
the revised design external pressure of 1.7 psid.

The information included in this report is generic and is expected to apply to all COL applications
referencing the AP 1000 Design Certification and the AP1000 Design Certification Amendment
Application.
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It is expected that when the NRC review of Technical Report Number 9 is complete, the changes to the
AP1000 DCD identified in Technical Report 9 will be considered approved generically for COL
applicants referencing the AP1000 Design Certification and that COL Information Item 3.8-1 will be
closed.

Questions or requests for additional information related to content and preparation of this report should be
directed to Westinghouse. Please send copies of such questions or requests to the prospective applicants

for combined licenses referencing the AP1000 Design Certification. A representative for each applicant
is included on the cc: list of this letter.

Very truly yours,

. F. Ziesing
Director, U.S. Licensing
/Enclosure

1. APP-GW-GLR-005, Revision 4 (Technical Report 9)

cc:  D. Jaffe - U.S.NRC 1E
E. McKenna - U.S.NRC 1E
B. Gleaves - U.S.NRC 1E
C. Proctor - US.NRC 1E
T. Spink - TVA 1E
P. Hastings - Duke Energy 1E
R. Kitchen - Progress Energy 1E
A.Monroe - SCANA 1E
P. Jacobs - Florida Power & Light 1E
C. Pierce - Southern Company 1E
E. Schmiech - Westinghouse 1E
Q. Zinke - NuStart/Entergy 1E
R. Grumbir - NuStart 1E
N. Prasad - Westinghouse 1E
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1.0 INTRODUCTION

This report summarizes the final design of containment vessel elements (reinforcement) adjacent to
concentrated masses (penetrations). The requirements for these analyses are identified in the AP1000
Design Control Document (DCD, Reference 1) Subsection 3.8.2.4.1.2. The completion of these analyses
is identified as COL Information Item 3.8-1 (FSER {Reference 2} Action Item 3.8.2.4.1.2-1) in DCD
Subsection 3.8.6.1 to be completed by the Combined License applicant and documented in the ASME
Code design report.

COL Information Item 3.8-1: “The final design of containment vessel elements (reinforcement)
adjacent to concentrated masses (penetrations) is completed by the Combined License applicant
and documented in the ASME Code design report in accordance with the criteria described in
subsection 3.8.2.4.1.2.”

This report also describes the final design of penetration reinforcement for the main steam and feedwater
penetrations.

This report also addresses the effect of extending the applicability of the AP1000 containment vessel
design to soil sites. The global effects of soil sites are addressed in Reference 3. Comparisons of
containment vessel response are provided in this report and demonstrate that the design for the hard rock
site is also applicable at soil sites.

This report and the associated design calculations available for NRC audit will permlt this Combined
License information item to be closed.

- The containment vessel and the penetrations are described in subsection 3.8.2 of the DCD.

The containment vessel design specification states that analyses are not required for cyclic operation.
During an audit, the NRC staff had asked that this provision be confirmed based on the six (6) stipulated
conditions of ASME subsection NE-3221.5(d).

Westinghouse calculation note APP-MV50-GEC-001 was prepared to validate and shows that the
AP1000 containment vessel does not require analysis for a cyclic loading, per the ASME Section III,
Division 1, Subsection NE-3221.5. A reference to this calculation has been added in Table 2-11.

2.0 TECHNICAL BACKGROUND

Westinghouse design calculations for the general portions of the containment vessel were reviewed by the
NRC as part of the AP1000 design certification review. The methodology was described in the DCD
(Reference 1) for more detailed analyses in the vicinity of the two equipment hatches and the two
personnel airlocks. These more detailed analyses were identified to be completed by the Combined
License applicant. These detailed analyses have now been completed and are summarized in this
technical report. A design summary report has been prepared summarizing the design and analyses of the
containment vessel.

The penetrations and penetration reinforcements are designed in accordance with the rules of ASME III,

Subsection NE. The design of the large penetrations for the two equipment hatches and the two airlocks
use the results of finite element analyses which consider the effect of the penetration and its quasi-static
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response due to a seismic event. These analyses and evaluations are described in the following sections.
The change of the design external pressure to 1.7 psid was incorporated in the analyses.

2.1 3D model of containment vessel

A 3D shell, finite element model of the containment vessel (Figure 2-1) was developed in ANSYS 11.0 in
order to consider the effect of the penetrations and their quasi-static response due to a seismic event. The
large masses and local stiffness of the personnel locks and equipment hatches are discretely modeled. The
polar crane wheel loads are incorporated by means of appropriate loadings (dead load and seismic
loadings). The bottom of the model is fixed at elevation 100’ where the containment vessel is embedded
in concrete. This means that conservatively rotations and displacements are fixed at this location.

2.2 Static and linear buckling analyses of 3D model

Static and linear buckling analyses were performed on a finite element model. First, a nodal distance of
0.5vVRt in the cylindrical shell is used for the buckling and the subsequent stress analyses. For the
buckling analyses this mesh size is in agreement with the maximum averaging distance in accordance
with ASME Code Case N284-1. In the stability evaluations the Eigenvalue based technique described
in the Code Case is used. The stress analyses in accordance with ASME Section III, Subsection NE,
were first performed with this mesh size. Then a refined mesh with a nodal distance of 0.25VRt was
used for the most severe case in any load combination to evaluate the stresses to increase the accuracy
of the stress evaluations in bounding cases.

The design basis loads in the analyses are in accordance with the Design Specification of the
Containment Vessel and include dead load of the CV and the polar crane, internal and external
pressure, seismic loadings of the CV, large penetrations, polar crane (parked and critical lift condition),
and thermal loadings. The stress evaluations were performed for any load combination except for
construction loadings since their impact on the CV is negligible. The stability analyses in the vicinity of
the large penetrations were performed with the adequate load combinations which could lead to
buckling in the areas of interest.

| Individual Load Cases

Static analysis runs were made for internal pressure, dead load (including the polar crane in the
parked position), thermal loads and seismic loads. The seismic cases consider both global
accelerations and local axial and rotational accelerations about the horizontal and vertical at the
large penetrations. Each containment load is calculated individually in the analy51s The
following loads are considered:
e Dead load
e Unit internal pressure load (1 psi internal pressure)
e Thermal load '
o Normal operation in cold weather
o Design basis accident in hot weather
e Vessel global seismic load
o Acceleration in N-S direction (x-axis in the model)
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o Acceleration in E-W direction (y-axis in the model)
o Acceleration in Vertical direction (z-axis in the model)
e Local penetration seismic load
o Acceleration in radial direction (axial direction of the penetrations)
o Rotational acceleration about horizontal axis
o Rotational acceleration about vertical axis

Table 2-3 shows the equivalent static accelerations on the containment vessel. The CV was
divided into components along the vertical axis of the CV. The accelerations from Table 2-3
were applied to each component based on its elevation. If the component’s elevation was in
between 2 elevations, linear interpolation of the acceleration was performed and that value of
acceleration was applied to the component. The edge accelerations were also used since it
provided the higher acceleration values. An accidental torsion corresponding to an eccentricity
of 5% of the diameter and torque (Table 2-4) was also included. Note for the torque (Table 2-4)
that the values are cumulative.

Table 2-5 shows the local seismic accelerations on the personal airlocks and equipment hatches.
These were applied as bending forces where the airlocks and equipment hatches intersect the CV
shell as well as rotational accelerations.

Combination of SSE loads

Seismic loads include equivalent static accelerations (on the CV, airlocks, and equipment
hatches), accidental torsion, and added torque. The equivalent static accelerations on the CV
were applied as accelerations that were linearly interpolated between elevations defined in Table
2-3. The accidental and added torque were applied as angular accelerations with units of
radians/sec’. The equivalent static accelerations for the airlocks and equipment hatches were
applied as nodal forces at the intersection of the penetration to the CV shell.

The seismic loadings on the CV shell (Table 2-3) were also applied to be aligned and unaligned
with the polar crane wheel loads. This was done to assure that the worst case loadings would be
bounded by the analysis. The combined global and local seismic load cases are then combined
for the three directions of input using either the square root sum of the squares method or the
100%, 40%, 40% method (as described in DCD subsection 3.7.2.6) and then added with dead
weight, pressure and thermal stress results in accordance with the load combinations given in
DCD Table 3.8.2-1. Therefore, there was a total of 96 load combinations for each seismic case
(C(@), C1, and D1).

The load combinations are shown in Table 2-7. Each load combination is uniquely identified in this table
and results are shown in subsequent tables using these designations. Load combinations A(i), A(ii),
and C(i) are evaluated in order to capture all possible combinations of potential lifts of the polar
crane including the critical lift and steam generator lift. These are not added to the load
combinations table, but are analyzed in the CV Design Specification.

1. Design Cases
Case Desl.  Load combinations during the Design Case shall consist of:

a. Dead load of containment vessel and appurtenances (include Table 4,
Design Condition ).
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Applicable live load.
Internal design pressure: 59 psig (407 kPa)
Thermal load: see Table 4.5.2-6, Case 2.

Reactions (piping and attachments) under thermal conditions generated by
the design basis accident including normal reactions. Not included in this
analysis.

Load combinations during the Design Case shall consist of:

Dead load of containment vessel and appurtenances (include Table 4,
Design Condition 1

Applicable live load.
External design pressure: 1.7 psid (11.7 kPa).
Thermal load: 70°F (21°C)

Normal reactions (piping and attachments). Not included in this analysis.

2. Service Level "A" Case

Case Al.

Case A2.

APP-GW-GLR-005

Load combinations during the Service Level "A" Case shall consist of:

a. Dead load of containment vessel and appurtenances (include Table
4, Design Condition 1).

b. Applicable live load.

C. Wind load.

d. External pressure: 1.7 psid (11.7 kPa)

€. Thermal load: see Table 4.5.2-6, Case 1

f. Normal reactions (piping and attachments). Not included in this

analysis.

Load combinations during the Service Level "A" Case shall consist of:

a. Dead load of containment vessel and appurtenances (include Table
4, Design Condition 1).

b. Applicable live load.
C. Internal design pressure: 59 psig (407 kPa).

.d. Thermal load: see Table 4.5.2-6, Case 2

e. Reactions (piping and attachments) under thermal conditions
- generated by the design basis accident including normal reactions.
Not included in this analysis.
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Case A(i). Load combinations during the Service Level “A” Case shall consist of:

a. Dead Load of containment vessel and appurtenances (include Table 4.5.2-1,
Design Condition 1).

b. Live Load (Use Table 4.5.2-1 Design Condition 2)

c. Ambient pressure and temperature

Case A(ii)) Load combinations during the Service Level “A” Case shall consist of:

a. Deal Load of containment vessel and appurtenances (include Table 4.5.2-1,
Design Condition 1).

b. Live Load (Use Table 4.5.2-1, Design Condition 3)

¢. Ambient pressure and temperature

3. Service Level "C" Case
Case Cl1. © Load combinations during the Service Level "C" Case shall consist of:

a. Dead load of containment vessel and appurtenances (include
Table 4, Design Condition 1)..

Live loads: use Table 4.5.2-1, Design Condition 4.

Internal design pressure: 59 psig (407 kPa).

Thermal load: see Table 4.5.2-6, Case 2.

Horizontal and vertical safe shutdown earthquake.

m oo oo o

Reactions (piping and attachments) under thermal
conditions generated by the design basis accident including
normal reactions. Not included in this analysis.

Case C2. (not regarded) Load combinations during the Service Level "C" Case shall
consist of:

a. Dead load of containment vessel and appurtenances (include
Table 4, Design Condition 1).
Applicable live loads.

c. Tornado.

d. Normal reactions (piping and attachments). Not included in
this analysis.

e. Thermal load: 70°F (21°C).
f. Operating pressure: -0.2 psig to 1.0 psig (-1.38 kPa to 6.89 kPa)

Case C(i) Load combinations during the Service Level “C” Case shall consist of:

a. Dead Load of containment vessel and appurtenances (include Table
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4.5.2-1, Design Condition 1).

Live Load (Use Table 4.5.2-1, Design Conditions 2, 5-0°, and 5-90°)
Ambient pressure and temperature

Horizontal and vertical safe shutdown earthquake

4. Service Level "D" Case

Case D1. Load combinations during the Service Level "D" Case shall consist of:

a. Dead load of containment vessel and appurtenances (include Table
4.5.2-1, Design Condition 1).

b. Live loads: use Table 4.5.2-1, Design Condition 4.
External design pressure: 1.7 psid (11.7 kPa).

d. Horizontal and vertical safe shutdown earthquake.

€. Normal reactions (piping and attachments). Not included in this
analysis.

f. Thermal load: 70°F (21°C).

Case D3. Load combinations during the Service Level "D" Case shall consist of:

a. Dead load of containment vessel and appurtenances (include Table
4.5.2-1, Design Condition 1).

b. Live load: use Table 4.5.2-1, Design Condition 4.

C. Internal design pressure: 59 psig (407 kPa).

d. Thermal load: see Table 4.5.2-6, Case 2.

€. Horizontal and vertical safe shutdown seismic loads.

f. Reactions (piping and attachments) under thermal conditions
generated by the design basis accident including normal reactions.:
Not included in this analysis.

g Accident pipe reactions, jet impingement and pipe impact. Not
included in this analysis.

2.4 Stress and buckling evaluation adjacent to large penetrations

24.1  External pressure and thermal loads

Design conditions for the containment vessel are specified as:

e Design Pressure

e External Pressure

APP-GW-GLR-005

59 PSIG at design temperature of 300°F
1.7 PSID at normal operation in cold weather (-40°F)
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Combinations of normal temperature and external pressure are evaluated as service conditions as follows:
Service Level A

e Dead load, cold weather temperature distribution for normal operation in cold weather, and
reduced pressure of 1.7 psid after loss of AC power.

Service Level D

e Decad load, cold weather temperature distribution for normal operation in cold weather, and SSE,
reduced pressure of 1.7 psid after loss of all AC power.

Two temperature conditions are considered corresponding to plant operation during cold weather with the
outside air temperature at the minimum value of 40°F and during hot weather with the outside air
temperature at 115°F. The cold weather operation results in a significant temperature differential in the
vicinity of the horizontal stiffener at elevation 131° 9. The vessel above the stiffener is exposed to the
outside air in the upper annulus. This cold weather condition is assumed concurrent with the pressure
reduction resulting from loss of all AC and is conservatively assumed as a normal operating condition. It
is evaluated during normal operation as a Service level A event. It is also evaluated under Service level D
in combination with the Safe Shutdown Earthquake. Table 2-6 shows the thermal profiles used in
this analysis.

The external pressure of 1.7 psid is based on conservative analyses as described in DCD subsection
6.2.1.1.4.

2.4.2 Stress and buckling evaluation

2.4.2.1 Stress evaluation

Stresses are evaluated against the stress intensity criteria of ASME Section III, Subsection NE.
ANSYS output is used directly to make the other ASME Code stress checks. The results of these
evaluations are shown in Tables 2-8 and 2-9.

The membrane stresses were qualified as local membrane stresses since values beyond 1.0 Smc were
found only in the vicinity of structural discontinuities (NE-3213.10). Since in the cylindrical shell none of
those regions exceeded 1.1Smc except for the local structural discontinuities of the insert plates to the
shell (those stresses are qualified as peak stresses, NE-3212.11) they are qualified as local membrane
stresses (NE-3213.10). In regions of the cylindrical shell with undisturbed stress distribution in
accordance with the classical shell theory the membrane stresses did not exceed the allowable stress
intensity of 1.0Smc=26.7 ksi in any load combination. The values of the stress intensity beyond the
allowable limits for Primary Stresses in the top head in the internal pressure cases are caused by the gross
structural discontinuity between the cylindrical shell and the top head. Therefore they are qualified as
Secondary Stresses (NE-3213.9). Taking this into account the stress intensities in the top head are within
the allowable limits for Primary & Secondary Stresses.

Some regions show stress intensities for primary bending and local membrane beyond the allowable
stress intensity limits in the internal pressure cases (Test, Design1 &A2, C1) which were investigated in-
depth ith a refined mesh. The cause was determined to be high, localized peak stresses (NE-3213.11).
Peak stresses lead to brittle failure caused by fatigue and since fatigue evaluations are not necessary for
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the CV in the specified load cases those peak stresses can be disregarded. The peak stresses occurred at
the discontinuity of the external stiffener gusset and the cylindrical shell.

Taking this into account the stress intensity values of the regarded load combinations are within
the allowable limits of and ASME Section III, Division 1 — Subsection NE.

2.4.2.2 Buckling evaluation

Stability is evaluated against ASME Code Case N-284-1 with the Eigenvalue method in the cylindrical
shell.

The following steps are outlined on page 26 of N-284-1.

Perform a static analysis of the loads and obtain o4, G, and Geg,

Multiply the stresses by the FS (Factor of Safety) for the correct Service Limit

Calculate the capacity reduction factor a; for local and general buckling

Calculate any applicable plasticity reduction factors n;

Compute amplified stresses for the imperfect 6;; by dividing the elastic stress by the capacity

reduction factors calculated in step 3.

6. Divide the elastic stress components by the proper plasticity reduction factors to obtain the
amplified inelastic stress component oy, If 1;is equal to 1, then o; = oy,

7. Apply amplified stresses to the FEA model and perform Eigenvalue buckling analysis

Nk W

Since ANSYS does not have a function that allows amplifying of stresses and re-mapping of those onto
the FEA model, the loads were amplified until the resulting stress components were amplified to the
amount specified by the process of N-284-1. The loads were amplified by capacity reduction factors for
local and global instability and safety factors provided in ASME Code Case N-284-1.

The results of the linear buckling analyses are shown in Table 2-10.

Since the allowable buckling Eigenvalue of 1.08 is greater than 1.0 for local buckling, the CV design in
the vicinity of the large penetrations is sufficient for local buckling. The lowest eigenvalue of 1.80 is also
greater than 1.20; therefore the CV design in the vicinity of the large penetrations is also sufficient for
general instability.

2.5 Application of AP1000 at soil sites

The containment vessel design for a hard rock site is described in DCD subsection 3.8.2. This uses
seismic input from the nuclear island seismic analyses using the stick models as described in DCD
subsection 3.7.2. The nuclear island seismic analyses have been updated and extended to soil sites in
Reference 3. These analyses use a fixed base model in ANSYS for hard rock and SASSI for firm rock
(FR), soft rock (SR), upper bound soft-to-medium soil (UB or UBSM), soft-to-medium (SM) and soft soil
(8S). The models are 3D shell models for the concrete buildings and a stick model for the containment
vessel.

The corresponding accelerations for the entire CV inclusive the Equipment Hatches and the Airlocks are
described in the CV Design Specification.

| 2.6 Main Steam and Feedwater
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The main steam penetration assembly is described in DCD subsection 3.8.2.1.5 and is in DCD Figure
3.8.2-4 (Sheet 1 of 6). This penetration has an inside sleeve diameter of 57”. The penetration assembly is
attached to the containment vessel by a flexible bellows. The feedwater penetration assembly is similar
with a sleeve diameter of 38”. The penetrations are combined into a common 3 %" thick insert plate as
shown in Figure 2-11 of this report. The insert plate also includes the penetration for the 6” diameter
startup feedwater pipe. This penetration assembly is shown in DCD Figure 3.8.2-4 (Sheet 2 of 6).

The insert plate is designed in accordance with NE-3330, “Openings and Reinforcement” of the ASME
Code. There are no significant loads from the main steam and feedwater piping on this insert plate since
the only connection is the expansion bellows.

2.7 Other Mechanical and Electrical Penetrations

This section describes the design procedure for the penetration reinforcement for containment
penetrations except the equipment hatches, personnel airlocks, main steam, feedwater and start up
feedwater, which are addressed in previous sections. It includes the piping and electrical penetrations, and
the fuel transfer tube. The containment vessel includes the sleeve through the shell and the thickened
insert plate. Other portions of the assemblies are designed as piping and equipment.

Typical design information for the penetrations is provided in the DCD. The mechanical penetrations are
listed in DCD Table 6.2.3-1. Typical details are shown in DCD Figure 3.8.2-4. Penetration assemblies,
such as those shown in the upper figure on DCD Figure 3.8.2-4 (sheet 4 of 6) are ASME Class 2.
Expansion bellows and guard pipes are ASME Class 2 or Class MC. The penetration assemblies are
welded to sleeves that are ASME Class MC. Process piping welded directly to the vessel, such as shown
in the lower figure in DCD Figure 3.8.2-4 (sheet 4 of 6) is ASME Class 2.

The material of construction is SA738 Grade B for the vessel shell, insert plates and nozzle necks of
penetrations with inside diameters greater than 24”, except for the containment air filtration system
penetration nozzle necks, which are forged from SA-350 LF2. For penetrations less than 24” inside
diameter and greater than 2” nominal diameter, forgings of SA350 LF2 material are used for the nozzle
neck.

Penetration reinforcement is designed by the area replacement method in accordance with the
requirements of ASME Section III, Division 1, Subsection NE, Paragraph NE3330. Area is added to the
shell by the addition of an insert plate that is thicker than the shell or by increasing the thickness of the
nozzle neck or a combination of both. This piping penetration design is then evaluated for external loads
on the penetration imposed by the piping system as follows:

. The penetrations are grouped together based on configuration and size. For each group, a spread
sheet is provided by CV supplier to the piping analyst.

. The piping analyst uses the spread sheet to assure that the CV nozzle capacity satisfies the ASME
stress criteria

. (Note: Loads on the nozzle are limited, if necessary to satisfy ASME stress criteria, by adjusting

the support locations and flexibility of the piping)

The penetration reinforcement and local region of the vessel shell have been analyzed for unit external
loads, for selected typical nozzle configurations, by finite element analyses. A typical finite element
model is shown in Figure 2-3. Corresponding stresses were determined at selected points of interest, such
as every 10 degrees around the circumference of the nozzle at the attachment fillet weld toe and at a
distance of .5V(Rt) from the nozzle wall.
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Note: External loads on the penetrations are obtained from detailed piping and equipment analyses and
are generally not available for inclusion in initial issues of the containment vessel design specification.
The finite element models of each penetration are used to develop guidance on acceptable loading to the
piping and equipment designer. Once the detailed piping and equipment loads are available, they are
provided to the containment vessel designer as an addendum to the design specification, to document the
adequacy of the penetrations designs in the CV Design Report.

It may be noted that many of the penetrations include expansion bellows which limit the load on the
nozzle. Others are less than 2” in diameter where the strength will be limited by the piping.

2.8 ASME Code Design Specification and Design Report

Design documents for the AP1000 containment vessel are listed in Table 2-11. These documents are
available for audit.

The ASME Design Specification is prepared by Westinghouse and specifies design requirements to the
containment vessel supplier. This includes equivalent static seismic accelerations based on the seismic
time history analyses described in section 3.7 of the DCD and extended to soil sites as described in
Reference 3. It also includes additional equivalent static accelerations to be applied to each of the large
penetrations based on time history dynamic analyses of the 3D model of the containment vessel.

The summary report plus the detailed calculations and drawings reférenced therein is a major portion of
the ASME Code Design Report. The ASME Code Design Report for each unit is completed and certified
after construction deviations and site related detail design calculations, if any, are addressed. It will
eventually include as-built information and will fulfill the ITAAC commitment for the as-built ASME
Code Design Report.

The summary report and detail design calculations are available for audit. They include documents
already reviewed by NRC as part of the AP1000 Design Certification. They include the analyses and
evaluation of the regions adjacent to the large penetrations. They also include detail design documents
prepared subsequent to the design certification review.
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Table 2-1: Polar Crane Design Conditions

Design e Crane Dead .
Condition Description Orient. weight Lift Impact SSE
1 Crane parked during normal plant operation N-S DW
Crane operating during plant shutdown with
2 the Critical Lift (CL) Any Dw | CcL | CLI
3 Crane operating during plant shutdown for Any DW SG SGI
SG replacement
4 SSE wﬁh crane parked during plant N-S DW ‘ 4X,4Y, 4Z
operation
SSE with crane operating during plant 5-0X, 5-0Y
-0° - ] )
30 shutdown with the Critical Lift N-8 bw | cL 52
SSE with crane operating during plant 5-90X
(¢] >
5-90 shutdown with the Critical Lift E-W bw | CL 5-90Y, 52
Table 2-2: Polar Crane Wheel Loads
Load Truck 1 Truck 2 Truck 3 Truck 4
Descripti
Case eseription FR | FT | FV | FR | FT | FV | FR | FT | FV | FR | FT | FV
IDW | DW (Trolley & Bridge Crane) 1 275 | 1 g8 | ! 202 | ! 296
2CL Critical Lift: Lift Load 297 .14 14 297
2CLT | ImpactLoadsforLoadCase2 | 41 | 29 | 45 | 2 | <10 | 2 | 3 | n | 2 | a1 | 30| 45
3SG Steam Generator Lift 3 613 -3 197 -3 197 3 613
38G-I | Impact LoadsforLoadCase3 | 73 | 44 | 92 | ;19 | -19 | 30 | <19 | 20 | 30 | 713 | 45 | 92
4X SSE (Parked) - Ax 350 | 1 a2 {32 | o | 75 |32 | o | 74 |36 | 1 | 118
4Y SSE (Parked) - Av 571 215 | 254 | 542 | 14 | 208 | 543 | 14 | 210 | 5712 | a5 | 251
4z SSE (Parked) — Vertical 50 | 0 |-458| 82 | o | 283 | -81 | 0 | 293 | 49 | 0 | -453
X SSE (Critical Lift) - Ax 308 | 1 25387 | o {13 |an | o | 123 40| 1 |13
0¥ SSE (Critical Lift) - Ay 620 | <15 | 259 | 590 | 14 | 122 | 587 | 14 | -166 | 625 | -15 | -346
5-90°X SSE (Critical Lift) - Ax 643 | .15 | 256 | 614 | 15 | 124 | 612 | 15 | -165 | 648 | -15 | -338
90y SSE (Critical Lift) - Av 308 | -1 |23 [ 387 | o |12 [ 40| o | 122|409 | 1 | -3
5Z SSE (Critical Lift) — Vertical 93 | o [s03] 60 | o [242]-120] 0 [323] 56 | o | 575
APP-GW-GLR-005 Page 13 of 27 Rev 4




Table 2-3: Containment Vessel Equivalent Static Accelerations

Elevation

(fo

281.90
273.83
265.83
255.02
24421
224.00
200.00
169.93
162.00
141.50
131.68
112.50
104.12
100.00

APP-GW-GLR-005

Westinghouse Non-Proprietary Class 3

Maximum Absolute Nodal Acceleration, ZPA (g)

N-S Direction

E-W Direction

Mass Edge Mass Edge
center center

1.48 1.56

1.43 1.50

1.38 1.43

1.31 1.34

1.23 1.28 1.26 1.30

1.09 1.13 1.11 1.17

0.90 0.94 0.94 0.98

0.69 0.71 0.72 0.75

0.63 0.65 0.67 0.68

0.49 0.50 0.54 0.54

0.43 0.44 0.47 0.48

0.40 0.41 0.37 0.38

0.38 0.40 0.38 0.40

0.38 0.40 0.39 0.41

Table 2-4: CV Torque
Elevation [ft] Torque [Kip-ft]

281.90 0
273.83 0.93
265.83 2.57
255.02 5.01
244.21 8.62
224.00 25.56
200.00 29.38
169.93 32.78
162.00 34.85
141.50 37.2
138.58 37.2
131.68 38.83
112.50 39.67
110.50 39.67
104.12 39.95
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Vertical Direction

Mass
center

1.25
1.02
0.85
0.73
0.68
0.66
0.61
0.53
0.51
0.45
0.41
0.35
0.32
0.31

Edge

0.71
0.68
0.63
0.55
0.53
0.47
0.44
0.40
0.38
0.34
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Table 2-5: Local Seismic Accelerations on the Personal Airlocks and Equipment Hatches

Component Radial Acceleration Rotational Rotational
[g] Acceleration about Acceleration about
horizontal axis vertical axis
[radians/sec’] [radians/sec?]
Upper Equipment
Hatch 0.21 0.86 0.45
Upper Airlock 0.27 4.06 1.46
Lower Equipment
Hatch 0.12 0.70 0.39
Lower Airlock 0.20 2.38 1.87
Table 2-6: CV Temperature Profile
APP-GW-GLR-005 Page 15 of 27 Rev 4
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Location of Temperature Case 1 Case 2 Temperatures
Temperatures °F °F (°C)
O Design Basis
Normal Operation Accident
in Cold Weather of in Hot Weather
-40°F (-40°C) - 115°F (46°C)
Vessel shell above el. 131'-9"” -18.5°F (-28°C) 300°F (149°C)
Crane girder and inner stiffener 70°F (21°C) 300°F (149°C)
(Note 2)
Upper equipment hatch and upper See Figure 10 300°F (149°C)

personnel airlock insulated
enclosure region

Outer stiffener at EL. 131°-9” -18.5°F (-28°C) 300°F (149°C)
(Note 3) '

Vessel shell at El. 131'-9" to 70°F (21°C) 300°F (149°C)
107'-2" (Note 2) '

Vessel shell from El. 107°-2” to 70°F (21°C) 300 to 70°F
El 100’-0” (Linear Profile) (149 t0 21°C)
Vessel embedded below El. 100°- 70°F (21°C) 70°F (21°C)

057
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Table 2-7 — Load Combinations for the Large Penetrations

Load Design Level A Level C Service | Level D Service
Service Limit Limit Limit
Te | Des | Des | A1 | A2 | A3 C1 C2 D1 D3
st 1 2
10110 |10 |10 10]10] 1.0 1.0 1.0 1.0
E; 1.0 1.0 1.0
P, 1.0
T, 1.0
P, ' 1.0 1.0 ,
P; 1.0 1.0 1.0 1.0
P. 1.0 | 1.0 1.0
1.7
psid)
T, @@ A | (3) 4
T, 1.0 1.0 1.0 1.0

Notes:

1. Service limit levels are per ASME-NE.

2. Where any load reduces the effects of other loads, that load is to be taken as zero, unless it can be
demonstrated that the load is always present or occurs simultaneously with the other loads.

3. Temperature of vessel is 70F.

4. Temperature distribution for normal operation in cold weather.
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Table 2-8: Stress Intensity Values (Element Size 37”)

Service Seismic Pj (General Local | P;Corresponding | Py, + P; (Primary P, +P
[Level Combination Membrane) ksi Service Limit ksi Bending + Corresponding
Local Service Limit
. , Membrane) ksi ksi
Test N/A N/A N/A 77.74 1.35S,~81
Desl & N/A 36.96 1.5Smc=40.05 69.73 1.5S,=40.05
A2
Des2 N/A 10.54 1.58,=40.05 28.62 1.58m=40.05
&A1
A1) N/A 16.03 1.58,=40.05 38.01 1.55,,:=40.05
A(ii) N/A 16.113 1.58,,.=40.05 37.77 1.55,,:=40.05
Cl -0.4x-1y-0.4z 32.47 1.58,=78.45 76.34 1.58,=78.45
NegPos
C2 N/A 15.99 1.5S,=90 38.1 1.5S,=90
Ci 0.4x1y0.4z 16.45 1.5S,=78.45 49.39 1.58,=78.45
NegNeg
D1 -0.4x-0.4y-1z 13.34 1.58,=90 50.79 1.5S,=90
NegNeg
Table 2-9: Stress Intensity Values (Element Size 18”)
Service Seismic P; (Local Primary | P; Corresponding P, +P Py +P
Level Combination | Membrane) ksi Service Limit ksi (Primary Corresponding
Bending + Service Limit
Local ksi
Membrane) ksi
Test N/A N/A N/A 92 1.35S,~81
sl & A2 N/A 37 1.5S8m=40.05 82.3 1.5S8,,.=40.05
es2 &A1l N/A 14 1.5S,,:=40.05 26.58 1.58,=40.05
A(l) N/A 4.07 1.5S,,:=40.05 10.4 1.581,.=40.05
A(ii) N/A 5.41 1.5S,:=40.05 10.64 1.581:=40.05
Cl -0.4x-1y-0.4z 37.48 1.58,=78.45 83.4 1.58,=78.45
NegPos
C2 N/A 3.94 1.5S5,=90 10.36 1.5S,=90
Ci 0.4x1y0.4z 9.34 1.58,=78.45 25.05 1.58,=78.45
NegNeg
D1 -0.4x-0.4y-1z - 14.31 1.58,=90 49 1.58,=90
NegNeg
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Table 2-10: Eigenvalues for Local and Global Instability

o |2 @ |2 | Pl |2 |82 |8 |2 |3

S |z |2 |2 |2 |~ |=|E |z |2 |5 |52

s (218|282 (21218 (2% |2 |z

21218121812 1519191818(12 ¢S

145
04 | 04 1 1752551170 1250 1.65]1.61 | 2.1813.76 [ 2.30 | 3.96 | 4.58 | 4.28
04} 04 1 164 (2451692511169 ]1.71 1240 |4.14|2.54 1439|348 346
041 04| -1 162 (2451611240178 1781 1.80]3.09(1.86(3.20(3.153.63
041 04 -1 1631248 | 1.57 1242 (179|180} 172 296|177 13.05]3.04 | 3.18
04 1 0.4 1.17 [ 1.88 | 1.18 | 1.85 (133 11.29 | 1.20 | 2.07 | 1.23 | 2.12 | 2.69 | 2.69
-0.4 1 04 1.17 1186 | 1,15 1.84 | 1.31 1 1371124 | 2.13 | 1.27 1 2.19 | 2.23 | 2.22
0.4 1 -0.4 1,15 (186 | 1.16 | 1.82 [ 1391139114 | 1.96 | 1.16 | 2.00 | 2.64 | 2.64
0.4 ;0.4 1 1.72 {254 | 1.71 } 255|162 ] 1.66 2121359 |2.04|345(4.29|3.99
04 [-04] -1 1.60 242|156 12391179180 175}3.00f1721}291|3.11]3.51
04 1 -04 1.14 1 184 [ 1.12 1180 {138 142 | 1.15}198 | 1.18 | 2.02 | 2.06 | 2.06
-04]-04 1 166 2451161 1240171 | 1.67 233392218 }3.68|3.94]|3.74
04 1-04| -1 161 12461651244 (181180163277 |1.60}271]295]3.14
04 -1 0.4 117 1 1.86 1 1.14 | 1.82 | 1.29 | 1.33 | 1.18 [ 2.00 | 1.15 ] 1.95} 2.61 | 2.63
041 -1 0.4 1.17 118 | 1.16 | 1.82 | 1.34 | 1.31 (121 1 2.06 | 1.16 | 1.97 | 2.15 | 2.15
04 -1 | -04 115184 (1121 1.80 | 1.39] 140 | 1.12 | 1.90 | 1.09 | 1.86 | 2.67 | 2.70
041} -1 {-04 1,14 | 1841116 | 1.82 1142|1140 1.13 1192 | 1.08 | 1.84 | 2.07 | 2.06
1 04 | 04 1201198 [ 1221194 |145(1.41 1} 127218132226 4.37|4.20
-1 04104 1231196 | 1171190145145} 140241 (144|248 2.66 | 2.65
1 04 | -04 1.16 | 191 | 1.18 | 1.89 [ 1.54 [ 1.51 | 1.22 1 2.10 | 1.26 | 2.14 | 3.82 | 4.75
-1 04 | -04 119 (192 | 1.14 | 184 | 1.54 | 152 1.28 1220 | 1.31 | 226 | 2.46 | 2.45
1 04| 04 1.18 1190 [ 1.16 | 1.87 [ 1.39 | 142 { 1.28 | 2.17 | 1.25|2.12 |1 423 | 3.98
-1 1-04] 04 1,18 {192 1120 1 1.94 | 141 | 138|134 1226 1.31]222]2.601]2.59
1 -04 | -04 114 [ 1.84 | 1.12 | 1.81 [ 1491153123 12.09(1.21]205](|3.7814.38
-1 -04]-04 1.14 1186 [ 1.17 | 190 [ 1.51 | 147 (1.21 | 2.06 | 1.21 | 205 ]| 2.46 | 245
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Table 2-11 Containment Vessel Design Documents

Document number
APP-MV50-Z0-001, Rev 7
APP-MV50-Z0C-001, Rev 0
APP-MV50-S2C-009, Rev 0

APP-MV50-52C-003, Rev 1

APP-MV50-S3R-003, Rev 0
APP-MVSO-S2C-001, Rev 1
APP-MV50-82C-002, Rev 1
APP-MV50-S2C-004, Rev 1
APP-MV50-52C-005, Rev 1

APP-MV50-S2C-006, Rev 1
APP-MV50-52C-007, Rev 1

APP-MV50-S2C-008, Rev 0
APP-MV50-S2C-010, Rev 0

APP-MV50-S2C-012, Rev 33

APP-MV50-52C-013, Rev 1

APP-MV50-S2C-011, Rev 0

APP-MV50-52C-034

APP-MV50-GEC-001, Rev 1

Title Notes
Containment Vessel Design Specification 0
Miscellaneous Calculations for Containment 2
Vessel Design Specification (update of AP600
calculation MV50-S2C-001, Rev 1)
Time history analyses of 3D Model of 2)
Containment
Containment Vessel Pressure Capacity 4
Capabilities
Containment Vessel ASME Design Summary - 3)
Report
Containment Vessel Seismic Model | 4
(axisymmetric and stick models)
Design of Containment Vessel for Internal and 4
External Pressure
Containment Vessel Design, Polar Crane Loads 4
on Shell Analysis
Containment Vessel Design, Seismic Analysis 4
With Polar Crane
Stress Evaluation Calculations “4)

Containment Vessel Displacements and Stresses
due to Axisymmetric Temperatures

3D Model - Modal Analysis of Containment

3D Model - Analysis of Large Penetrations

Design Of Containment Vessel Penetration
Reinforcement

Reconciliation of Containment Vessel Seismic
Design for Soil Sites

AP1000 Containment Vessel 3D Model in

ANSYS 11.0 for Standard Plant Design

Stress and Satbility Analysis of the AP1000

Containment Vessel in the Vicinity of the Large
Penetrations

Verification of AP1000 Containment Vessel not &)
requiring analysis for “Cyclic Service Report”

Notes:
1. Rev 1 was basis for hard rock design certification
2. These documents provide inputs to the design specification
3. Summary report covers design in accordance with the ASME design specification. It
references and summarizes design documents listed subsequently in this table.
4. These calculations were reviewed by NRC as part of AP1000 hard rock design certification
5. This calculation was reviewed by NRC during audit in April 2009

APP-GW-GLR-005
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Figure 2-1 3D FE model of containment vessel in ANSYS 11.0 with 37” and 18” element size
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Figure 2-2 Polar girder and wheel loads
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ELEMENTS 33“!006
MAR 2
TYPE NUM 08:44:27

Shell Plate

8" Nozzle Forging

AP1000 - Typical 8in Diameter Nozzle

Figure 2-3 Typical Nozzle FEA Model
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P24

AZ. 15.754
AZ. 20.566

f-\ EL. 128'-0

/ 22y
7
7
N\

-1 P4s

N

:_43,‘

- 3% THK INSERT PLATE

AN
L

P26

Figure 2-4 Combined Insert Plate for MS (P24), FW (P26) and SUFW (P45)
Note: This figure shows an elevation view of the insert plate assembly looking north from the inside of

the containment. The axis of the sleeves is north-south. The openings in the shell are elliptical. Spacing
dimensions shown are measured along the mid-surface of the insert plate.
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3. REGULATORY IMPACT

The design of the containment vessel adjacent to the large penetrations is addressed in subsection
3.8.2.4.1.2 “Local Analyses™ of the NRC Final Safety Analysis Report (FSER, Reference 2) write-ups.
The completion of the analysis for the large penetrations is identified in the FSER as COL Action Item
3.8.2.4.1.2-1. Completion of the design of the large penetrations will impact these write-ups. The
conclusions in the FSER about the local analyses are not altered.

The changes to the DCD presented in this report do not represent an adverse change to the design
functions, including the pressure boundary integrity functions and the access function, or to how design
functions are performed or controlled. The analysis of the large penetrations is consistent with the
description of the analysis in 3.8.2.4.1.2 of the DCD. Therefore, the changes to the DCD do not involve
revising or replacing a DCD-described evaluation methodology. The changes to the DCD do not involve
a test or experiment not described in the DCD. The DCD change does not require a license amendment
per the criteria of VIIL. B. 5.b. of Appendix D to 10 CFR Part 52.

Since completion of the local analyses does not change the design or design functions of the containment
or penetrations, the DCD change does not affect resolution of a severe accident issue and does not require
a license amendment based on the criteria of VIII. B. 5.c of Appendix D to 10 CFR Part 52.

The closure of the COL Information Item will not alter barriers or alarms that control access to protected
areas of the plant. The closure of the COL Information Item will not alter requirements for security
personnel. Therefore, the closure of the COL Information Item does not have an adverse impact on the
security assessment of the AP1000.

4. REFERENCES

| 1. APP-GW-GL-700, AP1000 Design Control Document, Revision 17.
Final Safety Evaluation Report Related to Certification of the AP1000 Standard Design, September
2004. .

| 3. APP-GW-S2R-010, Revision 3, Extension of Nuclear Island Seismic Analyses to Soil Sites
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5. DCD MARK UP

5.1 DCD Changes from Rev 15 to Rev 16

The DCD changes from Rev 15 to Rev 16 were shown in Rev 0 and Rev 1 of this report. DCD Rev 16
has been issued so these changes have been deleted from this section of the Technical Report.
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| 5.2DCD Changes to Rev 16
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The DCD changes from Rev 16 to Rev 17 were shown in Rev 1 of this report. DCD Rev 17 has been
issued so these changes have been deleted from this section of the Technical Report.

5.3 DCD Changes to Rev 17

Revise note 3 to Table 3.8.2-1 as follows:

| 3. reduced pressure of 0.9 psid at one hour in inadvertent actuation of active containment cooling transient in
cold weather.
5.4 DCD Changes to Rev 18
New Figure of 3D FE model — DCD Figure 3.8.2-7
1
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