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Westinghouse Electric Company
Nuclear Plant Projects
P.O. Box 355

Pittsburgh, Pennsylvania 15230-0355
USA

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

Direct tel: 412-374-5355
Direct fax: 412-374-5456
e-mail: corletmm@westinghouse.com
Your ref: Docket No. 52-006

Our ref: DCP/NRC1543

January 21, 2003

SUBJECT:

Transmittal of Westinghouse Proprietary and Non-Proprietary Responses to
U.S. Nuclear Regulatory Commission Requests for Additional Information on
AP1000

This letter transmits revised Westinghouse responses to your Requests for Additional Information
(RAI) related to the AP1000 seismic analysis and structural design. The revised responses are a
result of comments received on these RAI responses during the meetings held with the NRC staff
at the Westinghouse Energy Center on November 12, 2002. The list of RAI responses that are
transmitted with this letter is provided in Attachment 1. Attachments 2 and 3 to this letter provide
the proprietary and non-proprietary responses to the NRC RAI.
The Westinghouse Electric Company Copyright Notice, Proprietary Information Notice,
Application for Withholding, and Affidavit are also enclosed with this submittal letter as
Enclosure 1. Attachment 2 contains Westinghouse proprietary information consisting of trade
secrets, commercial information or financial information which we consider privileged or
confidential pursuant to 10 CFR 2.790. Therefore, it is requested that the Westinghouse
proprietary information attached hereto be handled on a confidential basis and be withheld from
public disclosures. Attachment 3 contains no proprietary information.
This material is for your internal use only and may be used for the purpose for which it is
submitted. It should not be otherwise used, disclosed, duplicated, or disseminated, in whole or in
part, to any other person or organization outside the Commission, the Office of Nuclear Reactor
Regulation, the Office of Nuclear Regulatory Research and the necessary subcontractors that have
signed a proprietary non-disclosure agreement with Westinghouse without the express written
approval of Westinghouse.
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Correspondence with respect to the application for withholding should reference AW-03-1596,
and should be addressed to Hank A. Sepp, Manager of Regulatory and Licensing Engineering,
Westinghouse Electric Company, P.O. Box 355, Pittsburgh, Pennsylvania, 15230-0355.
Please contact me if you have questions regarding this submittal.
Very truly yours,

M. M. Corletti
Passive Plant Projects & Development
AP600 & AP1000 Projects

cc:

Dr. Carl Costantino
Mr. Richard Morante
Mr. Tom Tsai

- Spring Valley, NY
- Brookhaven National Laboratory, Upton, NY
- Lafayette, CA

/Enclosure
1. Westinghouse Electric Company Copyright Notice, Proprietary Information Notice,
Application for Withholding, and Affidavit AW-03-1596
/Attachments
1. Table 1, "List of Westinghouse's Responses to RAIs Transmitted in DCP/NRC1543"
2. Westinghouse Proprietary Response to US Nuclear Regulatory Commission Requests for
Additional Information dated January 2003
3. Westinghouse Non-Proprietary Response to US Nuclear Regulatory Commission
Requests for Additional Information dated January 2003
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Enclosure 1
Westinghouse Electric Company
Application for Withholding, Affidavit, Copyright Notice, Proprietary Information Notice
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Copyright Notice

The documents transmitted herewith each bear a Westinghouse copyright notice. The NRC is permitted
to make the number of copies of the information contained in these reports which are necessary for its
internal use in connection with generic and plant-specific reviews and approvals as well as the issuance,
denial, amendment, transfer, renewal, modification, suspension, revocation, or violation of a license,
permit, order, or regulation subject to the requirements of 10 CFR 2.790 regarding restrictions on public
disclosure to the extent such information has been identified as proprietary by Westinghouse, copyright
protection notwithstanding. With respect to the non-proprietary versions of these reports, the NRC is
permitted to make the number of copies beyond these necessary for its internal use which are necessary in
order to have one copy available for public viewing in the appropriate docket files in the public document
room in Washington, DC and in local public document rooms as may be required by NRC regulations if
the number of copies submitted is insufficient for this purpose. Copies made by the NRC must include
the copyright notice in all instances and the proprietary notice if the original was identified as proprietary.
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Proprietary Information Notice

Transmitted herewith are proprietary and/or non-proprietary versions of documents
furnished to the NRC in connection with requests for generic and/or plant-specific review
and approval.
In order to conform to the requirements of 10 CFR 2.790 of the Commission's regulations
concerning the protection of proprietary information so submitted to the NRC, the
information which is proprietary in the proprietary versions is contained within brackets, and
where the proprietary information has been deleted in the non-proprietary versions, only the
brackets remain (the information that was contained within the brackets in the proprietary
versions having been deleted). The justification for claiming the information so designated
as proprietary is indicated in both versions by means of lower case letters (a) through (f)
located as a superscript immediately following the brackets enclosing each item of
information being identified as proprietary or in the margin opposite such information. These
lower case letters refer to the types of information Westinghouse customarily holds in
confidence identified in Sections (4)(ii)(a) through (4)(ii)(f) of the affidavit accompanying this
transmittal pursuant to 10 CFR 2.790(b)(1).
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Westinghouse Electric Company
Nuclear Plant Projects
~~~~~~~~~~~~~~~~~~~P.O.
Box 35 5
Pittsburgh, Pennsylvania 15230-0355
USA

January 21, 2003
AW-03-1596
Document Control Desk
U.S. Nuclear Regulatory Commission
Washington, DC 20555
ATTENTION:

Mr. Lawrence Burkhart
APPLICATION FOR WITHHOLDING PROPRIETARY
INFORMATION FROM PUBLIC DISCLOSURE

SUBJECT:

Transmittal of Westinghouse Proprietary Class 2 and Non-Proprietary Class 3 versions of
Document: "AP1000 Design Certification Review - Responses to Requests for Additional
Information"

Dear Mr. Burkhart:
The application for withholding is submitted by Westinghouse Electric Company, LLC ("Westinghouse")
pursuant to the provisions of paragraph (b)(1) of Section 2.790 of the Commission's regulations. It
contains commercial strategic information proprietary to Westinghouse and customarily held in
confidence.
The proprietary material for which withholding is being requested is identified in the proprietary version of
the subject documents. In conformance with 10 CFR Section 2.790, Affidavit AW-03-1596 accompanies
this application for withholding setting forth the basis on which the identified proprietary information may
be withheld from public disclosure.
Accordingly, it is respectfully requested that the subject information which is proprietary to Westinghouse
be withheld from public disclosure in accordance with 10 CFR Section 2.790 of the Commission's
regulations.
Correspondence with respect to this application for withholding or the accompanying affidavit should
reference AW-03-1596 and should be addressed to the undersigned.
Very truly yours,

Passive Plant Projects & Development
AP600 & APIOOO Projects
/Enclosures
2959alf.doc

AW-03-1596
COMMONWEALTH OF PENNSYLVANIA:
Ss

COUNTY OF ALLEGHENY:
Before me, the undersigned authority, personally appeared James W. Winters, who, being by me
duly sworn according to law, deposes and says that he is authorized to execute this Affidavit on behalf of
Westinghouse Electric Company, LLC ("Westinghouse"), and that the averments of fact set forth in this
Affidavit are true and correct to the best of his knowledge, information, and belief:

James W. Winters, Manager
Passive Plant Projects & Development
New Plants Division
Westinghouse Electric Company, LLC
Sworn to and subscribed

before me this

Z

/

day
2003

of

Notary Public
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7 ~Notarial Seal
Lonaine M.Piplica, Notary Public

Monroeville Boro, Allegheny County
My Commission Expires Dec. 14, 2003
Member, Pertnsylvania Association of Notaries
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AW-03-1596
(1)

I am Manager, Passive Plant Projects & Development, in the New Plants Division, of the
Westinghouse Electric Company LLC ("Westinghouse"), and as such, I have been specifically
delegated the function of reviewing the proprietary information sought to be withheld from public
disclosure in connection with nuclear power plant licensing and rulemaking proceedings, and am
authorized to apply for its withholding on behalf of the Westinghouse Electric Company, LLC.

(2)

I am making this Affidavit in conformance with the provisions of 10 CFR Section 2.790 of the
Commission's regulations and in conjunction with the Westinghouse application for withholding
accompanying this Affidavit.

(3)

I have personal knowledge of the criteria and procedures utilized by the Westinghouse Electric
Company, LLC in designating information as a trade secret, privileged or as confidential
commercial or financial information.

(4)

Pursuant to the provisions of paragraph (b)(4) of Section 2.790 of the Commission's regulations,
the following is furnished for consideration by the Commission in determining whether the
information sought to be withheld from public disclosure should be withheld.

(i)

The information sought to be withheld from public disclosure is owned and has been held
in confidence by Westinghouse.

(ii)

The information is of a type customarily held in confidence by Westinghouse and not
customarily disclosed to the public. Westinghouse has a rational basis for determining
the types of information customarily held in confidence by it and, in that connection,
utilizes a system to determine when and whether to hold certain types of information in
confidence. The application of that system and the substance of that system constitutes
Westinghouse policy and provides the rational basis required.
Under that system, information is held in confidence if it falls in one or more of several
types, the release of which might result in the loss of an existing or potential competitive
advantage, as follows:

2959alf.doc

20of5

-

01/21/2003

AW-03-1596
(a)

The information reveals the distinguishing aspects of a process (or component,
structure, tool, method, etc.) where prevention of its use by any of
Westinghouse's competitors without license from Westinghouse constitutes a
competitive economic advantage over other companies.

(b)

It consists of supporting data, including test data, relative to a process (or
component, structure, tool, method, etc.), the application of which data secures a
competitive economic advantage, e.g., by optimization or improved
marketability.

(c)

Its use by a competitor would reduce his expenditure of resources or improve his
competitive position in the design, manufacture, shipment, installation, assurance
of quality, or licensing a similar product.

(d)

It reveals cost or price information, production capacities, budget levels, or
commercial strategies of Westinghouse, its customers or suppliers.

(e)

It reveals aspects of past, present, or future Westinghouse or customer funded
development plans and programs of potential commercial value to Westinghouse.

(f)

It contains patentable ideas, for which patent protection may be desirable.

There are sound policy reasons behind the Westinghouse system which include the
following:
(a)

The use of such information by Westinghouse gives Westinghouse a competitive
advantage over its competitors. It is, therefore, withheld from disclosure to
protect the Westinghouse competitive position.

(b)

It is information which is marketable in many ways. The extent to which such
information is available to competitors diminishes the Westinghouse ability to
sell products and services involving the use of the information.

(c)

Use by our competitor would put Westinghouse at a competitive disadvantage by
reducing his expenditure of resources at our expense.
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(d)

Each component of proprietary information pertinent to a particular competitive
advantage is potentially as valuable as the total competitive advantage. If
competitors acquire components of proprietary information, any one component
may be the key to the entire puzzle, thereby depriving Westinghouse of a
competitive advantage.

(e)

Unrestricted disclosure would jeopardize the position of prominence of
Westinghouse in the world market, and thereby give a market advantage to the
competition of those countries.

(f)

The Westinghouse capacity to invest corporate assets in research and
development depends upon the success in obtaining and maintaining a
competitive advantage.

(iii)

The information is being transmitted to the Comnission in confidence and, under the
provisions of 10 CFR Section 2.790, it is to be received in confidence by the
Commission.

(iv)

The information sought to be protected is not available in public sources or available
information has not been previously employed in the same original manner or method to
the best of our knowledge and belief.
The proprietary information sought to be withheld in this submittal is that which is
appropriately marked in Attachment 1 as Proprietary Class 2 in the Westinghouse
document DCP/NRC1543 for submittal to the Commission: (1) "AP1000 Design
Certification Review - Response to Requests for Additional Information."
This information is being transmitted by Westinghouse's letter and Application for
Withholding Proprietary Information from Public Disclosure, being transmitted by
Westinghouse Electric Company (W letter AW-03-1596) and to the Document Control
Desk, Attention: Lawrence Burkhart, DIPM/NRLPO, MS 0-4D9A.

2959alf.doc

A

I - I

-

2

-2
I

0
/;tu--

AW-03-1596

This information is part of that which will enable Westinghouse to:
(a)

Provide documentation supporting determination of APP-GW-GL-700, "APIOOO
Design Certification Document," analysis on a plant specific basis

(b)

Provide the applicable engineering evaluation which establishes the Tier 2
requirements as identified in APP-GW-GL-700.

Further this information has substantial commercial value as follows:
(a)

Westinghouse plans to sell the use of similar information to its customers for
purposes of meeting NRC requirements for Licensing Documentation.

(b)

Westinghouse can sell support and defense of AP1000 Design Certification.

Public disclosure of this proprietary information is likely to cause substantial harm to the
competitive position of Westinghouse because it would enhance the ability of
competitors to provide similar methodologies and licensing defense services for
commercial power reactors without commensurate expenses. Also, public disclosure of
the information would enable others to use the information to meet NRC requirements for
licensing documentation without purchasing the right to use the information.

The development of the technology described in part by the information is the result of
applying the results of many years of experience in an intensive Westinghouse effort and
the expenditure of a considerable sum of money.
In order for competitors of Westinghouse to duplicate this information, similar technical
programs would have to be performed and a significant manpower effort, having the
requisite talent and experience, would have to be expended for performing and analyzing
tests.
Further the deponent sayeth not.
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Attachment 1
Table 1, "List of Westinghouse's Responses to RAIs Transmitted in DCP/NRC1543"
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Docket No. 52-006
DCP/NRC1543
January 21, 2003
Attachment 1

Table 1
"List of Westinghouse's Responses to RAIs Transmitted in DCP/NRC1543"
220.003 Revision 1
220.006 Revision 1
220.008 Revision 1
220.009 Revision 1
220.009P Revision 1
220.016 Revision 1
220.019 Revision 1
230.002 Revision 1
230.003 Revision 1
230.006 Revision 1
230.007 Revision 1
230.009 Revision 1
230.012 Revision 1
230.016 Revision 1
230.018 Revision 1
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Westinghouse Non-Proprietary Class 3

DCP/NRC1543

January 21, 2003

Attachment 3
Westinghouse Non-Proprietary Responses
to US Nuclear Regulatory Commission
Requests for Additional Information
dated January 2003

2959alf.doc
1/21/2003

AP1000 DESIGN CERTIFICATION REVIEW
Response to Request For Additional Information
RAI Number:

220.003 (Response Revision 1)

Question:
In DCD Section 3.8.2, Westinghouse stated that the containment shell material is SA738, Grade
B. Westinghouse further stated, in the same DCD subsection, that this material is included in
the ASME Code but is not applicable for containment vessel in the 2000 Addenda. The material
has been approved for containment vessels by Code Case N655. This code case was
approved by the ASME Code committee on February 25, 2002, but it is not yet published.
The code case approves the use of SA-738, Grade B for Class MC components. Based on
paragraph (b) of the reply to the inquiry, the allowable stress intensity (Smc or S) for SA-738,
Grade B used in Class MC components is 1.1 x 24.0 = 26.4 ksi at 300 0F. This is based on the
1998 ASME Code, Section II, Part D, Table lA value for S at 300°F, which is 24.0 ksi. This
stress intensity limit is applied to the general primary membrane stress intensity at the design
pressure and temperature. The hoop stress in the cylinder is +26,297 pounds-per-square inch
(psi), based on 59 psi design pressure, t = 1.75", and r = 65' x 12 = 780". The radial stress is
-59 psi at the inside shell surface and zero at the outside shell surface, resulting in an average
radial stress of -59/2 = -29.5 psi. Therefore, the general primary membrane stress intensity is
26,297 + 29.5 = 26,326.5 psi, which is just below Smc = 26,400 psi, at the design temperature.
Please provide justification for adopting allowable stress values for SA738 Grade B material,
which are not of yet included in the current version of the ASME Code, for Class MC
components.
Westinghouse Response (Revision 1):
SA738, grade B material is included as an acceptable material for containment vessels in the
2002 Addenda to the ASME Code. The allowable stress values are now included in the Code.
The DCD will be revised to show design of the vessel to this latest addendum.
Basis for Code Allowable Stresses
The allowable stresses in Subsection NE of the ASME Code are 1.1 times those of Table A in
Section II, Part D. (See NE-3112.4). Prior to 1998, Table 1A allowable stresses below the creep
range were essentially the lower of 2/3 the specified minimum yield strength or 1/4 of the ultimate
strength. Two code cases were published in 1998 that allowed the use of a design factor of 3.5
on ultimate, rather than 4.0. This change in the design factor was incorporated into the Code
rules with the 1999 Addenda. Effectively, this allows approximately a 14% increase in allowable
stress for those materials whose allowable stress is not controlled by 2/3 yield stress. The
decrease in design margin was justified on the basis of improvements that have been made to

estinghouse

Westinghouse

RAI Number 220.003 (Ri)
01/09/2003
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AP1000 DESIGN CERTIFICATION REVIEW
Response to Request For Additional Information
the Code, improvements to the welding processes and NDE, greater controls on material
production, and satisfactory experience of other international Codes with the use of lower
design margins. Many European standards have lower design margins on ultimate strength and
the German Code (AD_Merkblatt) has no factor on ultimate. Almost all codes have a factor of
2/3 on yield strength. The justification for reducing the design margin for Section Vill, Division 1
was reported in a PVRC report, which has been published in WRC Bulletin 435, "Evaluation of
Design Margins for ASME Code Section VIII, Division 1", by E. Upitis and K. Mokhtarian,
September 1998.
The allowable stress criteria in the latest codes (e.g. ASME 2001 including 2002 Addenda) are
conservative. This is demonstrated by continuing studies and proposed revisions being
developed for ASME Section Vil vessels. Upitis and Mokhtarian published a second report in
the same WRC Bulletin 435, entitled "Evaluation of Design Margins for ASME Code Section
VIII, Divisions 1 and 2". The conclusion of this report is that the design margins on ultimate
strength can be further reduced for both Division 1 and Division 2 of Section VIII. Additional
recommendations have been included on how to improve the quality of the rules contained in
these Codes. Based on the conclusions of this report, ASME has requested that PVRC prepare
a totally new pressure vessel code which will replace Section Vil, Division 2, and possibly other
pressure vessel Codes. The present outline calls for three classes of vessels with design
margins of 3.0, 2.4 and 1.875 on ultimate strength, at room temperature only (no factor on
ultimate at design temperature). It is proposed that the 2/3 factor on yield strength be kept.
Another proposal of significance in the outline is that actual material properties be allowed.
Materials
This section provides additional information on the SA537-Class 2 used in the AP600
containment vessel and SA738 Grade B used in the AP1 000 containment vessel. These
materials are similar with a slightly higher ultimate strength for the SA738 Grade B.
SA-537 Class 2
This steel has a long history of service for low temperature applications in pressure vessels. It
has been in wide use since the 1970's. This material has excellent base metal and, when
welded, HAZ toughness for services to -60 0 F or lower. There is a great deal of data available to
support its use. Data for the as welded condition is primarily for thicknesses less than 1 1/2".
There is also much data available for thicker materials but most of that is in the PWHT
condition. (Note that for these materials, PWHT generally deteriorates properties if it has any
effect on properties, so data for the PWHT condition should be conservative). This material is
readily weldable. Standard practices for higher strength materials to avoid hydrogen cracking
such as preheat and electrode control and maintenance are employed routinely to weld these
materials without problems.

vyWestinghouse

RAI Number 220.003 (R1i)
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AP1000 DESIGN CERTIFICATION REVIEW
Response to Request For Additional Information
SA-738 Grade B
This steel is now widely used for low temperature pressure vessel service. It has somewhat
higher tensile strength than SA-537 Class 2 yet retains excellent toughness at low
temperatures. In recent years, this steel has been used in applications where SA-537 Class 2
was formerly used. There is an increasing volume of data available for the material. This data
shows excellent base metal and HAZ toughness properties at temperatures of -20F and down
to -OF. CB&I has constructed a spherical storage vessel with plate thickness of up to 1.15
inches for a design metal temperature of -55F. The material is being produced with transverse
base metal impact test requirements at -70F.
This material is subject to hydrogen cracking but problems are readily avoided by following
proper welding procedures. Welding and non-destructive examination procedures for SA537
Class 2 and SA738 Grade B are similar. Due to higher tensile strength, 85 ksi, equivalent
higher strength welding consumables are required for the SA738 materials. Preheat and other
welding related variables remain the same.
Design Control Document (DCD) Revision:
3.8.2.2

Applicable Codes, Standards, and Specifications
[The containment vessel is designed and constructed according to the 2001 edition of the
ASME Code, Section III, Subsection NE, Metal Containment, including the 2002 Addenda]*
. Stability of the containment vessel and appurtenances is evaluated using ASME Code, Case
N-284-1, Metal Containment Shell Buckling Design Methods, Class MC, Section III,
Division 1, as published in the 2001 Code Cases, 2001 Edition, July 1, 2001.

Revise third paragraph of subsection 6.2.1.1.2
The containment vessel is designed and constructed in accordance with the ASME Code, Section m,
Subsection NE, Metal Contaimnent, as described in subsection 3.8.2.
PRA Revision:
None

Westinghouse
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AP1000 DESIGN CERTIFICATION REVIEW
Response to Request For Additional Information
RAI Number:

220.006 (Response Revision 1)

Question:
AP1000 DCD Subsection 3.8.3.1, "Description of the Containment Internal Structures," states
that "The steel surface plates of the structural modules provide reinforcement in the concrete
and anchor the structural modules to the base concrete." According to Figure 3.8.3-8 and the
AP600 design, the structural modules also require anchoring to the concrete with mechanical
connectors/rebars. Westinghouse is requested to clarify the statement in Subsection 3.8.3.1,
specifically explaining whether the steel surface plates are sufficient to provide anchorage to the
concrete or if additional mechanical connectors/rebars are also required. If additional
mechanical connectors/rebars are required, identify where the details are described in the
AP1 000 DCD or provide the details as part of the response.
Westinghouse Response (Revision 1):
Structural modules are anchored to the base concrete to resist the reactions obtained from the
design analyses. The anchorage design is developed in accordance with ACI 349 and typical
details are shown in Figure 3.8.3-8. Reinforcement is provided to resist tension. Steel plate
modules are anchored to the reinforced concrete basemat by mechanical connections welded to
the steel plate or by lap splices where the reinforcement overlaps shear studs on the steel plate.
See also the response to RAI Number 220.011.
Design Control Document (DCD) Revision:
Revise fourth paragraph of subsection 3.8.3.1 as follows:
Walls and floors are concrete filled steel plate structural modules. The walls are supported on
the mass concrete containment internal structures basemat with the steel surface plate
extending down to the concrete floor on each side of the wall. The steel surface plates of the
structural modules provide reinforcement in the concrete. The structural modules are anchored
to the base concrete by mechanical connections welded to the steel plate or by lap splices
where the reinforcement overlaps shear studs on the steel plate as shown in Figure 3.8.38. Figure 3.8.3-1 shows the location of the structural modules. Figures 3.8.3-2 and 3.8.3-15
show the typical structural configuration of the wall modules. A typical floor module is shown in
Figure 3.8.3-3 and also in Figure 3.8.3-16 combined with the liner module. These structural
modules are structural elements built up with welded steel structural shapes and plates.
Concrete is used where required for shielding, but reinforcing steel is not normally used.

w IWestinghouse
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AP1000 DESIGN CERTIFICATION REVIEW
Response to Request For Additional Information
Revise last paragraph of subsection 3.8.3.5.3
Figure 3.8.3-8 shows the typical design details of the structural modules, typical configuration of
the wall modules, typical anchorages of the wall modules to the reinforced base concrete, and
connections between adjacent modules. Concrete-filled structural wall modules are designed as
reinforced concrete structures in accordance with the requirements of ACI-349, as
supplemented in the following paragraphs. The faceplates are considered as the reinforcing
steel, bonded to the concrete by headed studs. The application of ACI-349 and the
supplemental requirements are supported by the behavior studies described in
subsection 3.8.3.4.1. The steel plate modules are anchored to the reinforced concrete
basemat by mechanical connections welded to the steel plate or by lap splices where the
reinforcement overlaps shear studs on the steel plate. The design of critical sections is
described in subsection 3.8.3.5.8.
PRA Revision:
None
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AP1000 DESIGN CERTIFICATION REVIEW
Response to Request For Additional Information
RAI Number:

220.008 (Proposed Revision 1)

Question:
AP1 000 DCD Subsection 3.8.3.4.1.2, "Stiffness Assumptions for Global Seismic Analyses,"
indicates that the in-plane concrete shear stresses calculated for the AP600 containment
internal structural modules would increase slightly for the AP1 000 due to increased height of
modular walls and increased mass and size of the steam generators and pressurizer. In
addition, this subsection states that the stresses will still be well below the magnitude causing
significant cracking of the concrete, so the monolithic assumption is still appropriate. Please
provide the technical basis to demonstrate the above statements and conclusions.
Westinghouse Response (Revision 1):
As stated in subsection 3.8.3.4.1.2 of the AP1000 Design Control Document, the maximum inplane concrete shear stresses in the AP600 containment internal structures modules are 97 psi
for the 48-inch wall and 137 psi for the 30-inch wall due to the safe shutdown earthquake based
on the monolithic section properties.
Table 3.7.2-13 of both the AP600 and AP1000 Design Control Documents show the maximum
member forces in the containment internal structures from time history seismic analyses. At
elevation 107' 2" the member forces for the hard rock site are:
Maximum Forces (x10 3 Kips)

Maximum Moment

3

(x10

K-ft)

Elevation
(ft)

Axial

N-S Shear

E-W Shear

Torque

About N-S
Axis

About E-W
Axis

AP600
107.17

1.99

5.83

6.07

247.50

219.60

196.10

3.32

7.33

7.11

106.43

258.27

242.74

AP1000
107.17

The north-south shear increases by 25%, the east-west shear by 17%. This increase is partially
due to the increased mass of the compartments and equipment above the operating floor and
partly due to changing the boundary conditions in the seismic analysis (by removing the lateral
support below grade for the hard rock site). If the 137 psi for the 30-inch wall increase the
maximum 25% it would not cause significant cracking of the concrete, so the monolithic
assumption is still appropriate.
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AP1000 DESIGN CERTIFICATION REVIEW
Response to Request For Additional Information
Design Control Document (DCD) Revision:
None
PRA Revision:
None
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AP1000 DESIGN CERTIFICATION REVIEW
Response to Request For Additional Information
RAI Number:

220.009 (Response Revision 1)

Question:
Hydrodynamic analyses performed for the AP600 are described in AP1 000 DCD Subsection
3.8.3.4.2. This subsection indicates that due to the "minor" differences between the AP600
design and the AP1 000 design, the 5 psi pressure design basis for the tank boundary is also
applicable to the AP1 000. From the information provided, it is not evident that the changes in
the structural elements and masses can be considered to be "minor." Therefore, Westinghouse
is requested to provide the following information:
1. The technical basis for concluding that the increase in wall heights and mass of the steam
generator and pressurizer will have a minor effect on the structural frequencies.
2. Explain how the range of frequencies considered in the AP600 time history analyses
adequately cover the expected frequency shifts caused by the differences between the
AP600 and AP1000 design.
3. What was the margin between the maximum wall pressure calculated from the analyses and
the 5 psi pressure used as the design basis for the AP600 tank boundary?
Westinghouse Response (Revision 1):
1. The changes to the steam generator and pressurizer compartment designs (steam
generator compartment height increases 5' and the pressurizer compartment height
increases 11' in the AP1 000 plant when compared to the AP600 plant), and the steam
generator and pressurizer components will not significantly affect the response of the
IRWST boundaries during the hydrodynamic transients.
Walls of the west steam generator compartment, pressurizer compartment, and the reactor
cavity are boundaries of the IRWST. The AP1 000 changes only affect the continuation of
these walls above the operating floor and do not affect the IRWST boundaries below the
operating floor. The hydrodynamic loads that excite these boundaries result from blowdown
through the spargers. The spargers are located in the south end of the IRWST. The four
foot thick west wall of the refueling cavity and the 30 inch thick south wall of the steam
generator cavity are subject to the greatest energy of the transient forcing function. The four
foot thick refueling cavity wall is not changed from the AP600 design. It is a rigid structure
that will not be affected by the changes made to the steam generator and pressurizer
compartments and components. The west wall of the steam generator compartment and the
walls of the pressurizer compartment are shielded from the direct effect of the spargers, and
see less dynamic excitation due to the hydrodynamic forcing function. Consequently, the
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changes to the pressurizer compartment and pressurizer will not have any significant effect
on the IRWST forces from the hydrodynamic excitations.
The south wall of the steam generator compartment is most affected by the transients. The
south wall is a 30 inch thick concrete filled CA structural module with approximate
dimensions of 30' by 30'. Considering the mass of the IRWST concrete module walls, the
contributing water mass, and the steam generator cavity mass, the increase in mass from
the AP600 design is less than ten percent. Due to the arrangement of the steam generator
intermediate and upper supports the steam generator mass in the North-South direction is
transferred directly into the operating deck, and the steam generator mass in the East-West
direction directly into the plane of the north and south walls of the steam generator
compartment. Thus the increase in steam generator mass has little effect on the out-ofplane response of the south wall of the steam generator compartment. The change in the
dominant frequency associated with the south wall of the steam generator compartment is
1% or less. The frequency changes from 29.2 hertz (AP600) to 29 hertz (AP1000). This
wall also has a higher mode, but not as significant, at 47.9 hertz for the AP600 plant. There
is a similar mode at 47.4 hertz for the AP1 000 plant (- 1% change). Therefore, the changes
to the steam generator and compartment will not be significant to the IRWST dynamic
response.
2. The ADS1 loading transient is associated with blowdown of the primary system through the
spargers when the water in the IRWST is cold and the tank is at ambient pressure.
Condensation during sparger discharge results in high frequency pressure oscillation,
primarily in a frequency range of 40 to 60 hertz.
Two forcing functions taken from the Automatic Depressurization System hydraulic tests
(see also the response to RAI 220.001) are used in the IRWST hydrodynamic analyses.
One of the time histories used for the structural hydrodynamic analysis has significant
content for frequencies below 40 hertz (referred to as Test 330), and the other has
significant content in the frequency range from 40 to 60 hertz (referred to as Test 930). The
response spectra for these two time histories are shown in the figures below. As seen from
Figures 220.009-1 and 220.009-2, a shift in structural frequency of 1% or less will not affect
the structural response of the IRWST.
3. The hydrodynamic analyses show that member forces in the walls of the in-containment
refueling water storage tank are bounded by a case with a uniform pressure of 5-psi applied
to the walls. The IRWST is designed for a uniform pressure of 5 psi applied to the walls.
This pressure is taken as both positive and negative due to oscillatory nature of the
hydrodynamic loads. Tables 220.009-1 and 220.009-2 compare the hydrodynamic and 5 psi
lateral pressure loading. As seen from these tables, there is significant margin in the
uniform 5-psi pressure case when compared to the hydrodynamic results. The comparison
is made for the components that control design (i.e., out-of-plane bending; values given are
in local coordinates with x horizontal and y vertical in the plane of the wall). Note that
absolute values are given because of the oscillatory nature of the loading.
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There are two automatic depressurization system (ADS) load cases considered in the
structural design, ADS, and ADS2. The ADS, transient described above is bounded by an
equivalent static pressure of ± 5 psi on the walls and floor of the tank. The ADS2 transient is
associated with blowdown of the primary system through the spargers when the water in the
IRWST is hot after prolonged operation of the passive residual heat removal (RHR) that
heats up the water in the IRWST (see also response to RAI 220.007). Since the flow
through the sparger cannot fully condense in the saturated conditions, the pressure
increases in the IRWST and steam is vented through the IRWST roof vents. This transient is
similar to a subcompartment pressurization due to pipe rupture and has been shown by
analysis to be significantly less than 5 psi. The IRWST is conservatively designed for a 5 psi
internal pressure to envelope this transient.
To reduce the number of design load cases in the structural design, the ADS2 loads are
treated as positive or negative and are considered both with and without thermal loads. This
loading then envelopes both the ADS, and ADS2 loads and controls the structural design.
Based on the above, the "minor" differences between the AP600 design and the AP1 000 design
will not affect the AP600 5-psi pressure design basis for the tank boundary since:
*

Changes to the AP1 000 plant design will not result in frequency responses that significantly
change the member forces that control the IRWST design that is based on the AP600 plant
design.

*

The AP600 and AP1 000 plant designs are based on the uniform 5-psi loading that
envelopes the hydrodynamic pressure at locations of the wall that control design.

Design Control Document (DCD) Revision:
None
PRA Revision:
None
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Table 220.009- 1
Member Forces Due to Hydrodynamic and Lateral Pressure
West Wall of Refueling Cavity
Element

Location

Moment

Hydrodynamic
[Units: kip-f

1852

South edge
at mid
span

Mx

5.40

22.93
9____4_25

4.25

1876

Mid span at mid height

Mx

13.94

25.63

1.84

1908

North edge at mid

11.91

20.91

1.75

span

ft]

Mx
_

_

_

_

Uniform
5 psi pressure
[Units: kip-ft I

Margin
(5 psi I

hydro)

_

1876

Mid span at mid height

My

17.98

19.56

1.09

1880

Mid span at base

My

20.68

34.17

1.65

Table 220.009-2
Member Forces Due to Hydrodynamic and Lateral Pressure
South Wall of Steam Generator Cavity

I

Hydrodynamic
Uniform
[Units: kip-ft 1 5 psi pressure

Margin
(5 psi /

Element

Location

Moment

1917

East edge at mid span

Mx

22.26

29.22

1.31

1957

Mid span at mid height

Mx

13.94

16.64

1.19

2005

West edge at mid span

Mx

7.42

20.91

2.82

1957

Mid span at mid height

My

15.06

16.41

1.09

1960

Mid span at base

My

20.46

23.83

1.16
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Figure 220.009-1
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Response Spectrum for Test 330 (10-30 Seconds)

RAI Number 220.009 (Ri) -5
01/09/2003

b,c

AP1000 DESIGN CERTIFICATION REVIEW
Response to Request For Additional Information
b, c

Figure 220.009-2
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Response Spectra for Test 930 (20-40 and 26.2-27.2 Seconds)
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RAI Number:

220.016 (Response Revision 1)

Question:
The third paragraph of Subsection 3.8.5.1 states that resistance to sliding of the concrete
basement foundation is provided by passive soil pressure and soil friction. For the case of the
AP1 000 nuclear island founded on a hard rock site, Westinghouse is requested to:
A.

Provide a description of construction techniques and sequence to ensure that the
surrounding soil or rock (embedment) will provide enough passive pressure to prevent
the nuclear island from sliding.

B.

Clarify the applicability of the words "soil friction" to the AP1 000 design.

C.

Indicate how passive lateral pressures and base soil friction components can be properly
estimated, considering consistent lateral displacements for both forces.

Westinghouse Response (Revision 1):
A.

The excavation technique for the AP1 000 is described in subsection 2.5.4.1. It is the
same as that of the AP600. It may vary depending on the depth of soil over the rock. As
shown in DCD Figure 3.4-1 a mud mat is placed which includes a cementitious
crystalline waterproofing additive. The nuclear island basemat is then placed on top of
this mud mat.
The passive pressure is calculated using an internal friction angle of 350 for the
surrounding soil. The lateral resistance due to the passive pressure is then included in
calculating the factor of safety against sliding following the methodology given in
subsection 3.8.5.5.

B.

The term "soil friction" is used in the global soil mechanics meaning. For the AP1 000
plant, the basic soil mechanics formulas are used. The hard rock and concrete interface
is considered to have a coefficient of friction of 0.55 per subsection 3.8.5.5.3 of the DCD.
Soil friction is calculated by the following formula:

Ff = x (Deadweight - Buoyant Force - 0.4 x SSE Vertical)
The 0.4 coefficient in front of the SSE Vertical force reflects the [1.0, 0.4, 0.4]
combination of directional input with the horizontal load having a 1.0 coefficient.
1i =0.55 per subsection 3.8.5.5.3 of the DCD.

estinghouse
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Buoyant Force = 74,990 kips
C.

Active soil pressure acts such that it reduces the factor of safety related to sliding.
Passive soil pressure provides resistance by the surrounding soil material to sliding.
The formula for active and passive pressure are given in References 1 and 2:
PA = Active Pressure = 1/2 y H2 Tan2 (450 - / 2)
y = 0.0876 kips/ft3, (per Reference 3, this is representative of the weight of
submerged dense silty sand; = 0.150 - 0.0624)
* =350 (per Reference 1, this is representative of dense uniform round
grain sand)
H = 99' 6" - 60' 6" = 39'
PA = 18.05 kips/ft of wall width
Pp = Passive Pressure = 1/2y H2 Tan 2 (450 + /2)
Pp = 245.8 kips/ft of wall width
The frictional sliding resistance (Ff) between the basemat and rock interface is calculated
using formulas given in subsection 3.8.5.5.
References:
1.
2.
3.

Terzaghi, Karl, and Ralph B. Peck, Soil Mechanics in Engineering Practice,
John Wiley & Sons, Inc., New York, 1948.
Taylor, Donald W., Fundamentals of Soil Mechanics, John Wiley & Sons,
Inc., New York, 1948.
Gaylord, E.H., et.al, ed., Structural Engineering Handbook, 4th edition,
McGraw-Hill, New York, 1997.

Design Control Document (DCD) Revision:
2.5.4.6.2 The Combined License applicant will establish the properties of the foundation soils
to be within the range considered for design of the nuclear island basemat.
Properties of Underlying Materials - A determination of the static and dynamic
engineering properties of foundation soils and rocks in the site area will be addressed.
This information will include a discussion of the type, quantity, extent, and purpose of
field explorations, as well as logs of borings and test pits. Results of field plate load
tests, field permeability tests, and other special field tests (e.g., bore-hole
extensometer or pressuremeter tests) will also be provided. Results of geophysical
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surveys will be presented in tables and profiles. Data will be provided pertaining to
site-specific soil layers (including their thicknesses, densities, moduli, and Poisson's
ratios) between the basemat and the underlying rock stratum. Plot plans and profiles of
site explorations will be provided.
Properties of Materials Adjacent to Nuclear Island Exterior Walls- A
determination of the static and dynamic engineering properties of the
surrounding soil will be made to demonstrate they are competent and provide
passive earth pressures greater than or equal to those used in the seismic
stability evaluation for sliding of the nuclear island. Seismic stability
requirements are satisfied if the soil layers that are adjacent to the nuclear
island foundation are composed predominantly of rock, or sand and rock
(gravel), or of sands that can be classified as medium to very dense (standard
penetration test having greater than 10 blows per foot). If the soil adjacent to
the exterior walls is made up of clay, sand and clay, or other types of soil other
than those classified above as competent, then the Combined License applicant
will evaluate the seismic stability against sliding as described in subsection
3.8.5.5.3 using the site-specific soil properties, or assure that the soils have
properties that exceed the following:
*
*

Submerged soil density of 60 pounds/ft 3
Angle of internal friction of 32 degrees

Laboratory Investigations of Underlying Materials - Information about the number and
type of laboratory tests and the location of samples used to investigate underlying
materials will be provided. Discussion of the results of laboratory tests on disturbed
and undisturbed soil and rock samples obtained from field investigations will be
provided.
PRA Revision:
None
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RAI Number:

220.019 (Response Revision 1)

Question:
Subsection 3.8.5.5, "Structural Criteria," provides Tier 2* information applicable to the design of
shear reinforcement for the basemat below the auxiliary building. The criteria for AP1 000
appear to be a significant departure from the comparable Tier 2* criteria presented in the AP600
DCD and previously accepted by the staff. Therefore, Westinghouse is requested to provide (1)
a detailed explanation of the differences between the new AP1 000 criteria and the accepted
AP600 criteria; and (2) the technical justification that a comparable level of safety will be
achieved.
Westinghouse Response (Revision 1):
The criteria for the design of shear reinforcement for the basemat below the auxiliary building of
the AP600 required minimum shear reinforcement even if the factored shear forces were very
small. For the AP600 on a wide range of soil and rock sites, the design shear forces were of
such magnitude that shear reinforcement was appropriate in all locations. For the AP1 000
design for a hard rock site, bearing reactions are transmitted primarily below the walls of the
auxiliary building and design shear forces in the 6 foot thick basemat are much lower. For such
cases Westinghouse proposes to apply paragraph 11.5.5.1 of ACI 349 which does not require
minimum shear reinforcement when the factored shear force is less than one half the shear
strength provided by concrete, (pV.
Design Control Document (DCD) Revision:
Revise the second paragraph of subsection 3.8.5.5 as follows:
[The basemat below the auxiliary building is designed for shear in accordance with the
provisions for continuous deep flexural members in paragraph 11.8.3 of ACI 349-0 1. As
permitted by paragraph 11.5.5.1 of ACI 349-01, shear reinforcement is not provided when the
factored shear force, V, is less than one half of the shear strength provided by the concrete,
(OVc. ]*
PRA Revision:
None
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RAI Number:

230.002 (Response Revision 1)

Question:
For the case of the AP1 000 nuclear island founded on a hard rock site with a 40 feet
embedment, described in Subsection 3.7.1.1, "Design Response Spectra," and in the last
sentence in Page 3.7-2, you stated that the design ground response spectra are applied at the
foundation level in the free field. However, in Subsection 3.7.1.2, "Design Time History," you
stated that the design time histories are applied at the finished grade in the free field. Also, as
stated in Subsection 3.7.1.2, the three components of the ground motion time history were
derived from the design response spectra. Please address the following issues:
A.

The location where the ground motion (design response spectra and design time
histories) is applied should be consistent throughout the entire AP1 000 DCD.

B.

Subsection 3.7.2.1 indicates that soil-structure interaction (SSI) effects are negligible
for the AP1 000 nuclear island founded on hard rock and that the effect of embedment
below grade is not considered in the equivalent static and time history analyses of the
structure. The staff's concern is that if the plant is founded on a hard rock surface and
is surrounded by soil, the application of the design ground motion at the ground
surface may result in underestimation of the seismic responses of the plant without
considering the SSI effects. Please elaborate regarding the staff's concern.

C.

Please provide a description in the DCD that explains: (1) how lateral soil pressures
(dynamic, active and/or passive) due to the embedment (plant embedded in the rock
and plant founded on rock and surrounded by soil) are to be calculated, (2) how the
out of phase motion between the soil burden and the side walls of the nuclear island
structures will be accounted for in the assessment of the lateral soil pressure, and (3)
how the soil lateral pressure will be incorporated into the design of the nuclear island
side walls, basemat and below grade interior members.

Westinghouse Response (Revision 1):
A.

The ground motion is applied at the foundation level in the free field. DCD subsection
3.7.1.2 will be revised as shown below.

B.

The design ground motion is not applied at the ground surface. Deconvolution through a
soil column is not performed. The effect of lateral support due to the side soils is
addressed in the response to RAI 230.014.

Westinghouse
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C.

The exterior walls below grade are designed for embedment in soil above the foundation
level at elevation 60' 6". The exterior walls of the Nuclear Island seismic Category I
structures are evaluated for two lateral earth pressure cases:
*

Lateral earth pressure equal to the sum of the static earth pressure plus the dynamic
earth pressure calculated in accordance with ASCE 4-98 (Reference 3), Section
3.5.3, Figure 3.5-1, "Variation of Normal Dynamic Soil Pressures for the Elastic
Solution".

*

Lateral earth pressure equal to the passive earth pressure.

Design Control Document (DCD) Revision:
Revise paragraph in subsection 3.7.1.2:
Since the three coefficients are less than 0.16 as recommended in Reference 30, which was
referenced by NRC Regulatory Guide 1.92, Revision 1, it is concluded that these three
components are statistically independent. The design time histories are applied at the
foundation level in the free field.
Revise paragraph in subsection 3.8.4.4.1:
The seismic Category I structures are reinforced concrete and structural module shear wall
structures consisting of vertical shear/bearing walls and horizontal slabs supported by structural
steel framing. In-plane seismic forces are obtained from the equivalent static analysis of the
three dimensional finite element models described in Table 3.7.2-14. These results are modified
to account for accidental torsion as described in subsection 3.7.2. Where the refinement of
these finite element models is insufficient for design of the reinforcement, for example in walls
with a large number of openings, detailed finite element models are used. Also evaluated and
considered in the shear wall and floor slab design are out-of-plane bending and shear loads,
such as live load, dead load, seismic, lateral earth pressure, hydrostatic, hydrodynamic, and
wind pressure. These out-of-plane bending and shear loads are obtained from the equivalent
static analyses supplemented by hand calculations.
The exterior walls of the seismic Category I structures below the grade are designed to resist
the worst case lateral earth pressure loads (static and dynamic), soil surcharge loads, and loads
due to external flooding as described in Section 3.4. The lateral earth pressure loads are
evaluated for two cases:
Lateral earth pressure equal to the sum of the static earth pressure plus the dynamic
earth pressure calculated in accordance with ASCE 4-98 (Reference 3), Section 3.5.3,
Figure 3.5-1, "Variation of Normal Dynamic Soil Pressures for the Elastic Solution".
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*

Lateral earth pressure equal to the passive earth pressure.

PRA Revision:
None
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RAI Number:

230.003 (Response Revision 1)

Question:
In DCD Subsection 3.7.2.1, "Seismic Analysis Methods," Westinghouse stated that the
computer program ANSYS is to be used to perform equivalent static analyses and mode
superposition time history analyses. The following items were identified by the staff for
clarification:
A.

Subsection 3.7.1.3 provides a description of how the composite modal damping is
calculated for the seismic analysis. Please demonstrate, in the AP1 000 DCD, that the
method for calculating the modal damping adopted in the ANSYS computer code is
consistent with the method described in Subsection 3.7.1.3.

B.

In Table 3.7.2-16, Westinghouse stated that the 100%, 40%, 40% combination
technique is applied to combine the three components of the seismic responses when
the ANSYS computer program is used. Please clarify whether the ANSYS computer
program has the option of using the 100%, 40%, 40% combination technique.

Westinghouse Response (Revision 1):
A.

The method for calculating the modal damping adopted in the ANSYS computer code is
described in equation 17.7-1 of the ANSYS Theory Manual (see attached page 17-34).
Damping may be input by one or more of the parameters shown. For the time history
analyses described in DCD subsection 3.7.2.1.2, the damping ratio is input in ANSYS as
a damping ratio for the material (m). The damping ratio in each mode is proportional to
the strain energy in the mode. This is the same as the stiffness weighted method
described in DCD subsection 3.7.1.3.

B.

The 100%, 40%, 40% combination technique is incorporated in a post processor written
by the user. This approach was also used for the AP600 ANSYS analyses of the nuclear
island basemat.

Design Control Document (DCD) Revision:
None
PRA Revision:
None
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Chapter 17 Analysis Pocedwts

Table 17.7.1 Typs of Spectrum Loading

Spectrum
Input
Orientation
of Load
Distribution
of Loads
Type of Input
Response
spectrum
type (KSV on
SVTYP

Excitation Option
Exdtation
Excitation Away
From Support
at Support
Response spectrum table (FREQ and Amplitude multiplier table
(FREO and SV commands)
SV commands)
X, Y, or Z direction at each
Direction vector (input on SED
node (selected by FX, FY,
command)
or FZ on F command)
Amplitude in X, Y, or Z
directions (selected by
Constant on all support points
VALUE on F command)
Force
Velocity Acceleration Displacement
3,4
1
0
2

command)

Damping
Damping is evaluated for each mode and is defined as:
NMAT
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2coi
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t

+

m

I
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(17.7-1)

m-1
where:

%' =
P =
w; =
=
t. =

effective damping ratio for mode i
beta damping (input as VALUE, BETAD command)
undamped natural circular frequency of the ith mode
damping ratio (input as RATIO, DMPRAT command)
damping ratio for material m (input as DAMP on MP
command)

Em

I {ji}T[Kmj0ij = strain energy

{i}
i

17-34
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= displacement vector for mode i
= stiffness matrix of part of structure of material m
= modal damping ratio of mode i (MDAMP command)
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RAI Number

230.006 (Response Revision 1)

Question:
In Subsection 3.7.2.1, "Seismic Analysis Methods," Westinghouse replaced the description of
the response spectrum analysis method (Subsection 3.7.2.1.1) with the equivalent static
acceleration analysis method when converting the AP600 DCD to AP1 000 DCD. Also, the
application of the response spectrum analysis method was eliminated from Table 3.7.2-14,
"Summary of Models and Analysis Methods." The following areas were identified by the staff for
clarification:
A.

If the response spectrum analysis method will not be used for the AP1 000 design,
Westinghouse should clearly state that this method will be excluded from the AP1 000
DCD. Otherwise, a new subsection should be developed specifically address the use
of the response analysis method.

B.

If the response spectrum analysis method will not be used for the AP1 000 design, any
description related to this method should be deleted from Section 3.7.2. Examples are
found in: (1) the third paragraph of Subsection 3.7.2.6 (Page 3.7-13), (2) Subsection
3.7.2.7 (Page 3.7-14), (3) Table 3.7.2-16 (Page 3.7-74), and Figures (sic, Tables?)
3.7.2-17 through 3.7.2-19.

Westinghouse Response (Revision 1):
Westinghouse has not eliminated response spectrum analysis as an acceptable method for the
design and analysis of the nuclear island structures, substructures and equipment; however, it is
not the method of analysis used for the global analyses. The global analyses of the nuclear
island structures use equivalent static acceleration and mode superposition time-history
methods. Typical applications of the response spectrum method of analysis include the passive
containment cooling system valve room in the shield building roof and the steel frame platforms
above the steam generator compartments. Subsection 3.7.2.1.3 will be added to the DCD as
requested by the NRC.
Design Control Document (DCD) Revision:
Add new subsection 3.7.2.1.3
3.7.2.1.3 Response Spectrum Analysis
Equivalent static acceleration and mode superposition time-history methods are
primarily used for the evaluation of the nuclear island structures. Response spectrum
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analyses may be used to perform. an analysis of a particular structure or portion of
structure using the procedures described in subsections 3.7.2.6, 3.7.2.7 and 3.7.3.
Revise fifth paragraph of subsection 3.7.2-6 as follows:
For the seismic responses presented in subsection 3.7.2.2, the effect of three components of
earthquake are considered as follows:
Mode Superposition Time History Analysis (program ANSYS) - the time history responses
from the three components of earthquake motion are combined algebraically at each time
step.
Delete subsection 3.7.2.12
3.7.2.12

Deleted

Table 3.7.2-16
3D lumped mass
stick, fixed base
models
PCS valve room
and miscellaneous
steel frame
structures

Mode superposition
time history analysis

ANSYS

Algebraic Sum

n/a

Response spectrum
analysis

ANSYS

SRSS

Grouping

Delete Tables 3.7.2-17, 3.7.2-18 and 3.7.2-19
PRA Revision:
None
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RAI Number:

230.007 (Response Revision 1)

Question:
A discussion of seismic analyses using equivalent static acceleration analysis and time history
analysis methods is provided in Section 3.7.2. Describe how the results (member forces and
floor response spectra) from either method will be used in the AP1000 plant design. Also, when
using the equivalent static acceleration analysis method in conjunction with a three dimensional
(3D) finite element model, describe how the seismic effects (member forces or accelerations)
obtained based on the nuclear island stick model will be used to calculate the seismic design
forces in all elements, and how you account for the out-of-plane effects due to seismic excitation
in the design of walls, floors and attached safety-related subsystems.
Westinghouse Response (Revision 1):
Seismic in-structure (floor) response spectra are developed using the time history analysis
methods described in subsection 3.7.2.1.2. These floor response spectra are used to perform
seismic response spectrum analyses of attached equipment and structures as described in
subsection 3.7.3. Floor response spectra are also developed for flexible floors in safety related
areas using appropriate portions of the finite element models described in subsection 3.7.2.3.
Revisions will be included in DCD subsection 3.7.2.1.2 to describe these analyses.
Subsection 3.7.2.6 describes how seismic member forces are calculated when the equivalent
static acceleration analysis method is used in conjunction with a three-dimensional (3D) finite
element model. The three seismic components of earthquake are applied separately. An
analysis for each earthquake component is made by applying equivalent static loads to the
structural model at each finite element node with mass equal to the mass times the maximum
absolute acceleration value (obtained from the time history analysis of the stick models) for the
earthquake component being evaluated. The results obtained for each of the three components
of earthquake motion are combined by one of two methods:
Each of the member forces due to the three earthquake components calculated from the
equivalent static analyses are combined using the square root of the sum of squares
(SRSS) method.
Each of the member forces due to the three earthquake components are combined directly,
using the assumption that when the peak response from one component occurs, the
responses from the other two components are 40 percent of the peak (100 percent40 percent-40 percent method). Combinations of seismic responses from the three
earthquake components, together with variations in sign (plus or minus), are considered.
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The seismic analysis methodology for out-of-plane effects on flexible floors and walls is
described in subsection 3.7.3. Member forces in the floors, walls and slabs used for the design
of nuclear island structures are developed using either the equivalent static acceleration method
or the mode superposition time-history method. DCD subsection 3.8.4.4.1 will be modified to
cross reference subsection 3.7.3.
Torsion effects are accounted for using the method described in subsection 3.7.2.11. DCD
subsection 3.7.2.11 will be revised as shown below to state that these torsion effects are added
absolutely to the corresponding translation case prior to combination of the effects due to the
three directions of input.
The method of applying the equivalent static accelerations was validated by application to the
combined nuclear island stick model and comparing the results against those of the time history
analysis. Member forces in the stick model compared favorably with the exception of torsion
about the vertical axis. An additional torsion was therefore included in addition to the accidental
torsion to provide member forces comparable to the results of the time history analysis.
Design Control Document (DCD) Revision:
Add new paragraph after second paragraph in subsection 3.7.2.1.2:
The three-dimensional finite element model of the auxiliary and shield building, or a
portion thereof, developed as described in subsection 3.7.2.3.1 is used to obtain the
in-structure vertical response spectra of the auxiliary building including flexible floors.
This model is used for the vertical analysis of the auxiliary building since the stick model
is developed to match the fundamental vertical frequency of the shield building and does
not represent the fundamental vertical frequencies of the auxiliary building which is
significantly lower than the shield building.
Revise paragraph in subsection 3.7.2.1 1:
The seismic analysis models of the nuclear island incorporate the mass and stiffness
eccentricities of the seismic Category I structures and the torsional degrees of freedom. An
accidental torsional moment is included in the design of the nuclear island structures. The
accidental torsional moment due to the eccentricity of each mass is determined using the
following:
*

Horizontal mass properties of the building stick models shown in Figures 3.7.2-4, 3.7.2-5,
and 3.7.2-6,

*

The maximum absolute value of the north-south and east-west nodal accelerations shown
in Tables 3.7.2-5, 3.7.2-6, and 3.7.2-7.

Westinghouse

RAI

Number 230.007 (R1i)
ni IfnqI9nnfl

--

-2

VV
E----

AP1000 DESIGN CERTIFICATION REVIEW
Response to Request For Additional Information

*

An assumed accidental eccentricity equal to ±5 percent of the maximum building
dimensions at the elevation of the mass. This was increased to ±10 percent to apply an
additional torsional load to the model so that the member forces in the stick model
would match those from the time history analyses.

*

The torsional moments due to eccentricities of the masses at each elevation are assumed
to act in the same direction on each structure.

*

The torsional moments are applied in two load cases
*

TOR-NS Case, TNS, - accidental torsional moment caused by a Y-eccentricity
of the mass during a shock in the X direction

*

TOR-EW Case,

TEW,

- accidental torsional moment caused by a X-

eccentricity of the mass during a shock in the Y direction
*

The results of each of these torsional load cases are combined absolutely
with the results of the corresponding translation acceleration case. The
three directions are then combined as described in subsection 3.7.2.6, i.e.

R = 1(ANSI+ITNSJY

Or

+ (AEWI+ITEWIY + A V7T

R = Factl[SIGN(ANs)AANsI+ITNsI)]
l

i

+ Fact2[SIGN(AEW)WAEw +TEW ) ] + Fact3A,
Where:
R

=

ANS
AEW
AVT

=
=
=
=

Fact(i)
SIGN()

=

Seismic response (member force, stress or deflection)
NS-Shock Case, response due to x-translation acceleration
EW-Shock Case, response due to y-translation acceleration
VT-Shock Case, response due to z-translation acceleration
l± 1.0, ± 0.4, ± 0.4]
Sign of variable in parentheses

Revise paragraph in subsection 3.8.4.4.1:
The seismic Category I structures are reinforced concrete and structural module shear wall
structures consisting of vertical shear/bearing walls and horizontal slabs supported by structural
steel framing. Seismic forces are obtained from the equivalent static analysis of the three
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dimensional finite element models described in Table 3.7.2-14. The out-of-plane bending and
shear loads for flexible floors and walls are analyzed using the methodology described in
subsections 3.7.2.6 and 3.7.3. These results are modified to account for accidental torsion as
described in subsection 3.7.2.11. Where the refinement of these finite element models is
insufficient for design of the reinforcement, for example in walls with a large number of
openings, detailed finite element models are used. Also evaluated and considered in the shear
wall and floor slab design are out-of-plane bending and shear loads, such as live load, dead
load, seismic, lateral earth pressure, hydrostatic, hydrodynamic, and wind pressure. These outof-plane bending and shear loads are obtained from the equivalent static analyses
supplemented by hand calculations.
PRA Revision:
None
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RAI Number:

230.009 (Response Revision 1)

Question:
The fifth paragraph of Section 3.7.2 (page 3.7-6) states that Table 3.7.2-14 summarizes the
types of model and analysis methods that are used in the seismic analyses of the nuclear
island. It also summarizes the type of results that are obtained and where they are used in the
design. With regard to the modeling of the nuclear island, the staff identified the following items
for clarification:
A.

The location (elevation) of "fixed base" should be clearly specified in the DCD.

B.

Westinghouse should provide information regarding the model, analysis methods, and
computer codes to be used for calculating the overturning moment, sliding force, floating
force, etc. Also, describe how the calculated overturning moment, sliding force, and
floating force are to be used for evaluating the dynamic stability of the nuclear island and
the foundation mat design.

Westinghouse Response (Revision 1):
A.

The location of the fixed base has been revised to the bottom of the foundation mat
(Elevation 60'-6") for the NI stick model, instead of the top of the mat (Elevation 66'-6").
See also the Westinghouse response to RAI 230.011. The location of the fixed base for
the auxiliary and shield building finite element model is at the center of the base mat
(Elevation 63'-6"). This model is used in modal analyses to obtain the dynamic properties
and in the static analyses to obtain member forces.

B.

An ANSYS deadweight run (stick model) was made to determine the dead weight and
center of gravity of the Nuclear Island. The seismic reactions on the Nuclear Island
Basemat (Elevation 60.5') are calculated from the ANSYS safe-shutdown earthquake
(SSE) time history analysis. A post processor is used to combine the loads so that the
seismic shear, vertical seismic, and overturning moment along column lines 1, 11, I, and
the West side of the Shield Building are obtained. The seismic overturning moments,
shear, and vertical loading are adjusted for the nuclear island missing mass above 88.466
hertz. Hand calculations were made to determine factors of safety for stability following
subsection 3.8.5.5 methodology for overturning and sliding.

Design Control Document (DCD) Revision:
None
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PRA Revision:
None
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RAI Number:

230.012 (Response Revision 1)

Question:
Subsection 3.7.2.2 states that the time history seismic analyses of the nuclear island consider
vibration modes having a frequency up to 114 hz. Subsection 3.7.1.2 states that in the fixedbase modal superposition time history analyses of the nuclear island, the time step of the
ground motion time histories is 0.005 second. Given the time step of 0.005 second, a time
history analysis is typically accurate only for modes having a frequency up to about 50 hz.
Therefore, Westinghouse should provide verification of the accuracy of the time history analysis
results for modes having a frequency between 50 hz and 114 hz.
Westinghouse Response (Revision 1):
The fixed base nuclear island analyses use 200 modes in the time history analyses. High
frequency modes are included in the analysis in order to capture the effect of the "rigid body
modes". In the most recent AP1 000 analyses in the proposed revision to DCD Section 3.7
transmitted by letter DCP/NRC1526, the 2 0 0 th mode has a frequency of about 85 hertz. The first
200 modes include 85% of the horizontal mass in the X direction, 84% of the horizontal mass in
the Y direction and 80% of the vertical mass.
There will be no loss of accuracy since the modes in question reflect the "rigid body effect."
This can be seen from the formulations below for a single mass system subjected to a base
dynamic response.
Let y = x - xo
Where
y = displacement of mass relative to base
x = displacement of base
x = total displacement of mass
Then
y' = relative velocity to base = x' - x'o
= relative acceleration to base = x" - x"o
x" = acceleration of base
x' = velocity of base
For the higher modes in question, the system will respond as a "rigid" structure. Therefore,
y

0 since x

-x
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y' 0 since x' - xo'
y- 0, and therefore, since the relative acceleration is zero, the absolute acceleration of
the mass will equal the acceleration of the base.
It can be concluded that the mass associated with the higher modes will be excited with the
base acceleration (floor or ground as appropriate). There will be no missing mass effect in the
solution, and there will be no loss of accuracy since these modes respond in the rigid range of
response. This statement is confirmed by performing single degree of freedom analyses with
different time steps. The adequacy of the time history analyses for high frequency modes was
verified by analyzing a single degree of freedom oscillator with a frequency of 100 hertz for the
horizontal time history used in the north-south direction. Analyses were conducted with time
steps of 0.01 seconds, 0.005 seconds, and 0.00025 seconds. Figures 230.012-1 shows the
relative displacement between time 7.5 seconds and 8.5 seconds. Figure 230.012-2 shows the
relative displacement between time interval 7.9 seconds to 8.1seconds. As seen from these
figures, the displacement of the mass point relative to the input is essentially the same.
Therefore, it can be concluded that the member forces will not be affected by the larger time
step for "rigid modes." Figure 230.012-3 shows the absolute acceleration of the mass point for
the three time steps. Figure 230.012-4 shows a portion of response within this time interval
(7.94 seconds to 8.14 seconds). As seen from these curves the absolute acceleration is
equivalent to the input acceleration with a peak of 0.3g as predicted above from the dynamic
equation of motion.
The solution method that was used in ANSYS was the Newmark method that uses finite
difference expansions in the time interval At, in which it is assumed that:
{U'n+l = {u'.} + [(1 - 8){u"n} + 5{u"n+1}] At
{U4+1} = {Ul} + (U'n} At + [(0.5 - a){U"n} + a{u"n+1}] At2

(230.012-1)

(230.012-2)

Where:a, 8 = Newmark integration parameters
At = tn+1-tn
{un} = nodal displacement vector at time tn
{u'n} = nodal velocity vector at time tn
{u"n} = nodal acceleration vector at time tn
In ANSYS the Newmark parameters are related to a y factor as follows:
a = 0.25(1 + y) 2
= 05 + '

(230.012-3)
(230.012-4)

The ANSYS default value for y, used by Westinghouse, is 0.005. Based on equations 230.0123 and 230.012-4, the values of a and 8 are calculated to be a = 0.505, and 8 = 0.2525.
As stated in the ANSYS Theory Manual (Chapter 17, page 17-7), the solution of the above
equations (230.012-1 & 230.012-2) is unconditionally stable when:
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6 = 0.5 + y
a > 0.25(1+ y)

2

y'O

(230.012-5)
(230.012-6)
(230.012-7)

Therefore, all the Westinghouse time history solutions are stable using the ANSYS program with
the default values since equations 230.012-5 to 230.012-7 are met. That is:
6=0.505=0.5+y
a = 0.2525 = 0.25(1 +y)2
y=0 .0 0 5 > 0
Thus, it can be concluded that the time history solution obtained using the time step of 0.005
seconds is adequate to avoid missing mass with no loss of accuracy when considering the
higher (rigid) modes.
Note that the results presented in the DCD are from analyses that actually used a time step of
0.00025 seconds. However, as described above, a time step of 0.005 seconds would have
been adequate.
Design Control Document (DCD) Revision:
None
PRA Revision:
None
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RAI Number:

230.015 (Response Revision 1)

Question:
For the development of seismic model of the containment vessel, Westinghouse stated in
Subsection 3.7.2.3.2 (the last paragraph of Page 3.7-11) that the polar crane is parked in the
plant north-south direction with the trolley located at one end near the containment shell. This
requirement should be specified as an interface item for the COL applicant.
Westinghouse Response (Revision 1):
The orientation of the polar crane in the parked condition is part of the plant design and is under
configuration control. It establishes the location of the access platforms and ladders to the polar
crane on the plant general arrangement. It is also specified in the Containment Vessel Design
Specification. The polar crane orientation in the parked condition will be shown as Tier 2*.
Design Control Document (DCD) Revision:
Revise last paragraph of 3.7.2.3.2 to show polar crane orientation as Tier 2*
[During plant operating conditions, the polar crane is parked in the plant north-south direction
with the trolley located at one end near the containment shell.]* In the seismic model, the crane
bridge spans in the north-south direction and the mass eccentricity of the trolley is considered
by locating the mass of the trolley at the northern limit of travel of the main hook. Furthermore,
the mass eccentricity of the two equipment hatches and the two personnel airlocks are
considered by placing their mass at their respective center of mass as shown in Figure 3.7.2-5.
PRA Revision:
None
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RAI Number:

230.016 (Response Revision 1)

Question:
The second paragraph of Subsection 3.7.2.5 (Page 3.7-12) states that the floor response
spectra for the design of subsystems and components are generated by enveloping the nodal
response spectra determined for the hard rock site. Please explain how and where the
enveloping technique is applied.
Westinghouse Response (Revision 1):
No enveloping is required since there is only one analysis on hard rock. The third and fourth
paragraphs of the DCD will be revised as shown below.
Design Control Document (DCD) Revision:
The floor response spectra for the design of subsystems and components are generated by
broadening the nodal response spectra determined for the hard rock site.
The spectral peaks associated with the structural frequencies are broadened by ±15 percent to
account for the variation in the structural frequencies, due to the uncertainties in parameters
such as material and mass properties of the structure and soil, damping values, seismic
analysis technique, and the seismic modeling technique. Figure 3.7.2-14 shows the broadening
procedure used to generate the design floor response spectra.
Floor response spectra for the auxiliary building are obtained from the three-dimensional
model as described in subsection 3.7.2.12. These spectra are developed for the specific
location in the auxiliary building. Where spectra at a number of nodes have similar
characteristics, a single set of spectra may be developed by enveloping the broadened
spectra at each of the nodes.
PRA Revision:
None
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RAI Number:

230.018 (Response Revision 1)

Question:
It is the staff's understanding that the layouts of the coupled shield and auxiliary buildings for
AP1 000 and AP600 are the same and only the height of the shield building and the size of the
passive containment cooling water storage tank were increased. As a result of these design
changes, the dominating frequency (6.065 hz) of the AP1 000 in the vertical direction is lower
than that of the AP600 (6.77 hz). From Figure 3.7.1-2, "Vertical Design Response Spectra Safe Shutdown Earthquake," one can find that the vertical responses (accelerations) of the
coupled shield and auxiliary buildings for the AP1 000 should be higher than those of the AP600.
However, the comparison of the two designs summarized in Table 3.7.2-5 and Figure 3.7.2-4
shows an opposite conclusion. The staff's review identified the following areas for clarification:
A.

Westinghouse used a detailed model between Elevation 306'-3" (the top of the tank roof)
and Elevation 241'-0" (the bottom of the air vent columns) for AP600, while it used a less
detailed model for AP1 000. Please provide an explanation for the change in models and
reason for using the less detailed model for the AP1 000.

B.

As summarized in Table 3.7.2-5 of DCD, Revision 0, the comparison of the vertical
seismic responses (maximum absolute nodal accelerations) of the two designs indicates
that the dynamic amplification in the vertical direction is higher for the AP600 than for the
AP1 000. Based on our engineering judgement, it is the staff's expectation that the results
should be reversed, because there is no change to the building wall thickness for both
designs and the shield building complex of the AP1 000 is more massive than that of the
AP600. Westinghouse is requested to provide an explanation to address the staff's
observation.

The staff's observation regarding the dynamic amplification discussed in (a) and (b) above are
also applicable for the steel containment vessel.
Westinghouse Response (Revision 1):
A.

The AP1 000 shield building roof is represented in the stick model by masses at the top of
the roof and at the elevation of the intersection of the exterior wall of the PCS tank with the
conical roof. The AP600 model also had a mass at the mid height of the tank. The roof
response is primarily influenced by the conical roof and the additional mass at mid height
of the tank was not necessary. Both the AP600 and AP1 000 models were developed to
match the dynamic properties of a detailed axi-symmetric model of the roof.
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B.

The maximum vertical absolute acceleration of the roof is 0.90g for the AP600 and 0.89g
for the AP1 000. In the most recent AP1 000 analyses in the proposed revision to the DCD
Section 3.7 transmitted by letter number DCP/NRC1 526, the frequency is 5.81 hertz and
the maximum acceleration is 0.96g. These differences in response are partly due to
changes in modal properties but are also affected by the time history which envelopes the
ground input spectrum of Figure 3.7.1-2 as shown in Figure 3.7.1-8.
The maximum vertical absolute acceleration of the steel containment vessel is 1.49g for
the AP600 and 1.40g for the AP1 000. In the most recent AP1 000 analyses in the
proposed revision to DCD Section 3.7 transmitted by letter DCP/NRC1 526, the maximum
acceleration is 1.13g. The reduction in vertical response is associated with better definition
of the AP1 000 polar crane and the use of a multi-mass model of the polar crane instead of
the single mass used in the AP600 analyses and the initial AP1 000 analyses. The
description of the polar crane model is included in the proposed revision to the DCD.
Table 3.7.2-2 in the proposed revision to DCD Section 3.7 transmitted by letter
DCP/NRC1 526 shows the modal properties of the containment vessel. A second sheet will
be added to this table showing the modal properties of the containment vessel combined
with the polar crane. The first frequency of the combined model in the vertical direction is
6.415 Hertz compared to 5.843 Hertz in the previous analyses.

Design Control Document (DCD) Revision:
Revise fourth paragraph of subsection 3.7.2.3.2
The polar crane is supported on a ring girder which is an integral part of the steel containment
vessel at elevation 228'-0" as shown in Figure 3.8.2-1. It is modeled as a multi-degree of
freedom system attached to the steel containment shell at elevation 224' (mid point of ring
girder) as shown in Figure 3.7.2-5. The polar crane is modeled as shown in Figure 3.7.2-8
with five masses at the mid height of the bridge at elevation 233'-6" and one mass for the
trolley. The polar crane model includes the flexibility of the crane bridge girders and truck
assembly, and the containment shell's local flexibility. When fixed at the center of
containment, the model shows fundamental frequencies of 3.7 hertz transverse to the
bridge, 6.4 hertz vertically, and 8.5 hertz along the bridge.
Add sheet 2 to Table 3.7.2-2 showing modal properties of steel containment vessel combined
with polar crane
Revise Figure 3.7.2-5 as shown in the proposed revision to DCD Section 3.7 transmitted by
letter number DCP/NRC1 526.
Add Figure 3.7.2-8 as shown on page 230.018 (R1)
PRA Revision:
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Table 3.7.2-2 (Sheet I of 2)
STEEL CONTAINMENT
VESSEL LUMPED-MASS STICK MODEL (WITHOUT POLAR CRANE)
MODAL PROPERTIES
Effective Mass
Mode

Frequency

1

6.309

2.380

159.153

0.005

2

6.311

159.290

2.382

0.000

3

12.942

0.018

0.000

0.000

4

16.970

0.000

0.006

171.030

5

18.960

0.102

40.263

0.002

6

18.970

40.161

0.102

(.000

7

28.201

0.000

0.000

28.073

8

31.898

0.054

2.636

0.000

9

31.999

2.789

0.057

0.000

10

37.990

0.909

0.007

0.000

11

38.634

0.022

4.846

0.009

12

38.877

3.758

0.014

0.000

13

47.387

0.000

0.000

5.066

14

54.039

4.649

0.633

0.000

15

54.065

0.624

4.693

0.002

16

60.628

0.002

0.042

3.389

17

62.734

0.147

0.001

0.018

18

63.180

0.000

0.050

7.069

19

63.613

0.002

0.001

0.003

20

65.994

0.022

0.659

0.041

214.929

215.545

214.706

Sum of Effective Masses

X Direction

Y Direction

Z Direction

Note:
1. Fixed at Elevation 100'.
2. The total mass of the containment vessel is 225.697 kip-sec2 /ft.
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Table 3.7.2-2 (Sheet 2 of 2)
STEEL CONTAINMENT
VESSEL LUMPED-MASS STICK MODEL (WITH POLAR CRANE)
MODAL PROPERTIES
Effective Mass
Mc)de

Frequency

X Direction

Y Direction

Z Directicon

3.619

0.000

41.959

0'.000

5.387

175.274

0.000

00.175

6.192

0.000

148.385

C.005

1

6.415

3.321

0.000

244.074

S
I
6

9.422

0.002

1.017

00.000

9.674

10.510

0.000

0 .532

7

12.811

0.015
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Note:
1. Fixed at Elevation 100'.
2. The total mass of the containment vessel with the polar crane is 255.85 kip-sec 2 /ft.
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Masses at nodes 1, 2, 3, 4, 5, and 7
All Mass nodes have DOFs in X, Y, and Z directions

Comments:
1.
2.

Cross Beams between girders are represented by rotation spring constants Kxx and Kzz
Cross Beam rotational spring constant Kyy is negligible compared to girder stiffness

Figure 3.7.2-8

Polar Crane Model
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