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TO: T. R. QUAY

Box 355
Pitisburgh Pennsylvania 15230-0365

NSD-NRC-97-4989
DCP/NRC0743

Docket No.: STN-52-003

February 19, 1997

SUBJECT: RESPONSES TO REQUESTS FOR ADDITIONAL INFORMATION AND OPEN

ITEMS ASSOCIATED WITH SSAR CHAPTER 3

Dear Mr. Quay:

In a letter dated February 7, 1997, the NRC provided additional requests for additional information
and updates of status for several areas being reviewed by ECGB and EMEB for AP600. Attachment
i to this letter provides information and responses to a number of these items. Many of the items are
resolved and do not require a response. The responses to other items will be provided later. The
responses are grouped by the enclosures of the NRC letter. Also attached are markups of SSAR
revisions that will resolve a number of these items. These changes will be included in Revision 11 of

the SSAR.

The resolution of the items addressed in the attachment will permit the NRC staff to provide input to

the FSER for a number of the subsections.

If you have any questions please contact D. A. Lindgren at (412) 374-4856.

Lo f i

Brian A. Mcintyre, Manager
Advanced Plant Safety and Licensing
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Attachment 1 to NSD-NRC-97-4989
NRC Letter Enclosure 2

3. Open ltem 3.2.2-1 (OITS 564) - Classification of Emergency Core Cooling System (ECCS)
Action W

In a letter to Westinghouse dated August 20, 1996, this open item was reported by the staff as being
resolved. However, before this issue is considered resolved, the staff needs the following information
and/or clarifications in the SSAR:

a. The staff has identified the components and systems listed below as part of ECCS systems that are
classified as AP600 Class C (ASME Class 3):

* In-containment refueling water storage tank (SSAR Fig. 6.3-2)

® Accumulator (SSAR Fig. 6.3-1)
® Accumdlator injection piping to discharge check valve V-028 (SSAR Fig. 6.3-1)

¢ Containment recirculating piping and valves to in-containment refueling water storage tank
(IRWST) injection check valve V-122 (SSAR Fig. 6.3-1)

* Piping from Ist, 2ud & 3rd stage automatic depressurization valves (ADV) to the IRWST,
including depressurization spargers (SSAR Fig. 5.1-5 & 6.3-2)

Westinghouse is requested to verify in the SSAR Subsection 3.2.2.5, that all of the above components
and systems and any other Class 3 ECCS not listed above are included in the commitment to random
radiography for all ECCS.

b. It appears that SSAR Subsection 3.2.2.5 is the only place in the SSAR that contains the above
commitment. Since this commitment is not stated in either Table 3.2-3 or applicable P&IDs, how
can the staff be assured that it will be implemented on all AP6C0 plants?

Westinghouse Response

a. Information will be added to SSAR subsection 3.2.2.5 1o list the portions of systems to which the
augmented weld inspection applies. The IRWST is not fabricated as a free standing tank but is
formed using portions of containment internals structural modules. Reference to the requirements

in 3 8.3.6.2 for inspection of the structural modules that form the IRWST will be included in
subsection 3.2.2.5. A markup of these additions is attached.

b. Design and fabrication requirements such as the need for these inspections are included in internal
AP600 design documents. A reference to the requirements in subsection 3.2.2.5 will be included
in SSAR subsection 6.3.2.3. A markup of this addition is attached.
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7. RAI 210.219 (OITS 3509) - Table 3.2-3, Passive Cont. Cooling System
Action N

The response to this issue in the letter dated December 2, 1996, is being evaluated by the staff.
Westinghouse Response

SSAR did not include all of the SSAR revision included in the December 2, 1996 letter. These will
be included in Revision 11 of the SSAR.

9. RAI 210.221 (OITS 3512)- Table 3.2-3, Reactor System
Action W

Revision 10 to the SSAR, Tzble 3.2-3 provides acceptable responses to RAI 210.221a through d.
However, the response to 210.221e is not acceptable. This portion of the RAI requested the basis for
the Core Barrel Nozzle to be Class D and non-seismic when the Core Barrel is Class B and Seismic
Category 1. In a letter dated December 2, 1996, the response to this request states that the seismic
classification of the nozzle would be changed to Category Il, and the safety classification wouid
remain as Class D because the nozzle does not provide core support and does not have to be safety-
related. The staff's position is that the nozzle is an integral part of the core barrel (which is a safety-
relaied component), and therefore should have the same safety and seismic classifications as the
barrel. Table 3.2-3 should be revised to change the nozzle to be AP600 Class B and Seismic
Category 1. Therefore, OITS 3512 remains open.

Westinghouse Response

The core barrel nozzle will be changed to have the same classification as the core barrel.
Westinghouse has determined that based on the criteria in subsection 3.2.2.5, the appropriate
classification is Equipment Class C and the core support structures will be changed from Class B to
Class C. Class C is a safety-related class to which 10 CFR Part 50 Appendix B applies and the
seismic category does not change. Also the guide tube assemblies will be changed from Class D,
seismic Category Il to Class C, seismic Category I. A markup of these changes is attached.

13. Open Item 3.6.2-1 (OITS 592) - Subcompartment Design
Action W

The response to this issue in the letter from Mclntyre to Quay dated October 23, 1996, does not
appear to contain the detailed information requested by the staff during the review meeting with
Westinghouse on July 25 & 26, 1995. As stated in the DSER, Section 3.6.2, page 3-94, the staff's
position is that a minimum subcompartment pressure which bounds the effects of a high energy pipe
break (with consideration of leak-before-break (LBB) acceptance) must be determined. Specifically,
the staff requests that for all subcompartments both inside and outside containment, SSAR
Subsections 3.8.3.5 and 3.8.4.3.1.4 be revised to state that those compartments containing high
energy piping are designed to the worst case of either the 5 psi load (the 7.5 psi load for the CVS
room) or the double ended pipe rupture of the applicable high energy pipe.
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Westinghouse Recponse

The subcompartment design pressure bounds the effects of postulated breaks. The SSAR will be
revised to specify that.

SSAR Revisions
The sixth paragraph of subsection 3.8.3.5 will be revised as follows:

The determination of pressure and temperature loads due to pipe breaks is described in subsections
36.1and 6.2.1.2. Subcompartments inside containment containing high energy piping are
designed for a pressurization load of 5 psi. The pipe tunnel in the CVS room (room 11209,
Figure 1.2-6) is designed for a pressurization load of 7.5 psi. These subcompartment design
pressures bound the pressurization effects due to postulated breaks in high energy pipe. The
design for the effects of postulated pipe breaks is performed as described in subsection 3.6.2.
Determination of pressure loads resulting from actuation of the automatic depressurization system
is described in subsection 3.8.3.4.3.

In subsection 3.8.4.3.1.4 the paragraph under P, will be revised as follows:
The main steam isolation valve (MSIV) and steam generator blowdown valve compartments
are designed for a pressurization load of 5 psi. The subcompartment design pressure bounds
the pressurization effects due to postulated breaks in high energy pipe. Determination of
subcompartment pressure loads is discussed in subsection 6.2.1.2,

1§. RAI 210.40 (OITS 3702) - Break Exclusion in Steam Generator (SG) Blowdown, Startup FW,
and Chemical and Volume Control System (CVS) Lines
Action W

In a letter from Mclntyre to Quay dated October 23, 1996, and in the OITS 3702 report,
Westinghouse states that additional information on the startup line, including the isometric drawings
will be provided during a forthcoming meeting with the staff. This issue will be discussed during the
next meeting or a telephone conference.

In addition, Revision 10 to SSAR Subsection 3.6.2.1.1.4 added portions of the Chemical and Volume
Control System (CVS) to the list of break exclusion areas. These new areas include makeup piping
from containment to the anchors upstream of the outside isolation valve and downstream of the inside
isolation valve, including branch connections. Revision 10 did not revise SSAR Figure 3E-5 to
identify these areas. Therefore, the staff requests more information relative to the exact location of
the anchors, the length of piping from the inside and outside isolation valves to each anchor, and the
location and lengths of all applicable branch lines.

Westinghouse Response
Westinghouse is revising the break exclusion area for the CVS makeup line to be from the outside

containment isolation valve to the inside containment isolation valve. Westinghouse has provided
copies of the isometric drawings for this line for review in the Westinghouse Rockville licensing
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office. This change will add two additional break locations to be considered in the evaluation of high
energy breaks. The fluid in this line is cold and a break will not result in pressurization. A copy of
the SSAR markup showing changes for the revised break exclusion area are attached.

16. Open Item 3.6.2.3-1 (OITS 595) - Break Locations and Stress Summary
Adtion N

In Revision 10 to the SSAR contains a significant revision to Subsection 3.6.2.5 which provides
additional information on the pipe break hazard analysis. The staff's preliminary evaluation of this
submittal resulted in the following request:

As discussed under Open Item 3.6.2.3-5 (OITS 599) below, Westinghouse has submitted a
revision to SSAR Subsection 3.6.1.3.2 which refers to the pipe rupture hazards analysis. In
addition to the information in Revision 10, (1) add a reference in SSAR Subsection 3.6.2.5, to the
new information in Subsection 3.6.1.3.2 that is applicable to the hazards analysis, and (2) in
Subsection 3.6.4.1, state that the as-built reconciliation of the hazards analysis will be in
accordance with the criteria in SSAR Subsections 3.6.2.5 and 3.6.1.3.2.

Westinghouse Response

(1) A reference to the criteria in subsection 3.6.1.3.2 will be added to the paragraph under Essential
Target Evaluation in subsection 3.6.2.5.
(2) A reference to the criteria in subsection 3.6.1.3.2 and 3.6.2.5 will be added to subsection 3.6.4.1.

A markup is attached.

18.  Open Item 3.6.2.3-5 (OITS 599) - Separating Structures
Action W

In Revision 10 to SSAR Subsection 3.6.1.3.2, information was added which provides a basis for
resolving this issue as a part of the pipe rupture hazards analysis. Based on a preliminary review of
this submittal, the staff has no further requests for information except to repeat the request in this
open item to delete the exception to the standard review plan (SRP) Section 3.6.2 BTP MEB 3-1,
Section B.1.c.(4) in WCAP-13054, Revision 2.

Westinghouse Response

WCAP-13054 will be revised to remove the exception to criteria B.1.c.(4). A markup of the change
is attached.
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23. Open Item 3.9.3.3-2 (OITS 793) - Anchor Bolts for Pipe Supports
Action Y/

In 4 letter from Mclntyre to Quay dated October 23, 1996, Westinghouse responded to this item Sy
referencing Revision 9 to SSAR Subsection 3.9.3.4. Revisions 9 and 10 contain no change to this
portion of Subsection 3.9.3.4. It still commits only to the baseplate flexibility requirements of IE
Bulletin 79-02 and is silent on the factors of safety for concrete cxpansion anchor bolis. Since the
factor of safety issue is being evaluated by the staff under DSER Open Item 3.8.4.2-2, Subsection

3.9.3.4 should contain a reference to the applicable portion of SSAR Subsection 3.8.4 for information
relative to these factors of safety.

Westinghouse Response

Supplemental requirements for fastening anchor bolts to concrete are provided in subsection 3.8.4.5.1.

reference to these requirements will be added to subsection 3.9.3.4. A markup of this addition is
attached.

24, Open Item 3.10-1 (OITS 813) - Use of Seismic Experience Data
Action W

Revision 10 to SSAR Section 3.10.6 states that the COL applicant, as a part of the Combined License
application, will identify equipment qualified based on experience and include deta.ls of the
methodology and the corresponding experience data. This agrees with the staff's request on this item,
and is acceptable. However, the exception to SRP 3.10 in Revision 2 to WCAP-13054 contains
statements which either need to be deleted or clarified. The first two sentences imply that IEEE 344-
1987 is acceptable relative to the use of experience data. Regulatory Guide (RG) 1.100, Revision 2
states that this method of qualification in IEEE 344-1987 will be evaluated by the staff on a case-by-
case basis. It appears to the staff that the exception in the WCAP is relative to RG 1.100, Revision 2.
These two sentences should be revised to reflect the position in RG 1.100, Rev. 2. In addition, the
discussion relative to Generic Issue A-46 is not applicable to new plants. The staff's position is that
A-46 is only used for verification of equipment in operating plants, and is not acceptable for
qualification of equipment in advanced light water reactors (ALWRs). This discussion should either
be deleted or revised.

Westinghouse Response

The discussion in WCAP-13054 on the Criteria 1 for SRP 3.10 will be revised to clarify that the
exception is to the revision on Regulatory Guide 1.100 and IEEE 344 and that the AP600 is in
conformance with Regulatory Guide 1.100, Revision 2. The requirement that the combined license

“nplicant identify use of experience based data for equipment qualification and the methodology used
15 cluded in subsection 3.10.6. A draft markup of the exception in WCAP-13054 is attached.
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NRC Letter Enclosure §

I. DSER# 3.9.2.3-2 (783) - Flow-induced vibration prediction analysis
Action W

In SSAR Revision 10, the first paragraph of Subsection 3.9.2.3 indicates that the flow-induced
vibration assessment is documented in WCAP-14761, which is also included in the reference list in
SSAR Section 3.9.9. This is acceptable. The WCAP-14761 is a replacement of previous report
MIO1-GER-001, which was submitted by Westinghouse and reviewed by the staff and found
acceptable.

However, the reactor internals of the first AP600 plant is designated as the prototype as defined in
SRP 3.9.2 and RG 1.20 for vibration assessment of AP600 reactor internals. Information of vibration
assessment from reference plants, which include H. B. Robinson, DOEL 3 and 4, etc. may only be
used in vibration prediction analysis for the prototype and should not be confused with the prototype.
The wording in SSAR Sections 3.9.2.3 and 3.9 2.4 should be revised to avoid confusion between the
"prototype” and the "reference plants.”

Westinghouse Response

Subsections 3.9.2.3 and 3.9.2.4 will be revised to delete the portion that stated that prototype and
reference were equivalent. A markup of the changes is attached.

3. DSER# 3.9.5-1, RAI 210.226, (OITS 3517) - 20% damping value for fuel assemblies
Resolved

Information provided in Westinghouse letter NSD-NRC-97-4933, dated 1/8/97, indicates that the
damping value is justified by testing and is consistent with evaluations for Westinghouse-designed fuel
in operating nuclear power plants. This is acceptable. However, Westinghouse needs to provide a
suitable reference in the SSAR.

Westinghouse Response

A paragraph will be added to subsection 3.9.2.6 to identify the damping for the fuel assemblies and
reference WCAP-8236. A markup of the additions is attached.

NRC Letter Enclosure 1

2. RAI 210.227 - SSAR 3.9.6 (IST)
Action W

Revise the SSAR to reflect correct reference of OM Standards, OMa-1988 or the 1990 Edition of the
OM Codes. From the January 31, 1997, telephone conference, Westinghouse will send a letter
requesting an exemption and revise the SSAR accordingly.
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Westinghouse Resnonse

AP600 used the 1990 Edition of the Code as the baseline for preparation of the inservice testing plan.
Letter NSD-NRC-97-4986, dated February 14, 1997 requesting an exemption from the requirements

in 10 CFR 50.55a for an earlier version of the Code has be sent to the NRC. The fourth paragraph of
subsection 3.9 6 will be revised to remove the reference to ANSI in the name of the Code. A markup
of the changes is «‘tached.

3. RAI 210.228 - SSAR 3.9.6 (IST)
Action W

The main feedwater (FW) check valves, SGS-VOS8A/B appear to have a safety function to close based
on SSAR Subsection 10.4.7.1.1. Revision 10 still indicates that these valves have a safety-related
function, but they are not included in the ISTP (IST Program). In the January 31, 1997, telephone
conference, Westinghouse stated that these valves do not perform a safety function and will move the

Westinghouse Response

These valves do not perform a safety function. The description of the feedwater check valve function
is located in an incorrect location and will be moved from SSAR Subsection 10.4.7.1.1 to SSAR
Subsection 10.4.7.1.2. A markup of the changes is attached.

5. RAI 210.230 - Safety Relief Valve Test - SSAR 3.9.6 (IST)
Actiun W

The SSAP. (Rev. 10) was revised to include "5 years and 20% in 2 years. For Class 2/3, the SSAR
should "e revised for consistency to include "10 years and 20% in 4 years." From the January 31,
1997, 1elephone conference, Westinghouse will revise the SSAR.

Westinghouse Response

The column in Table 3.9-16 will be revised to include 10 years and 20% in 4 years for the
appropriate valves. A markup of the changes is attached.

6. RAI 210.231 - SSAR 3.9.6 (IST)
Action W

The discussion of Issue 87 in SSAR Section 1.9 should be revised to state tht valves built to Section
III are required to be tested in accordance with the ASME Code. Revision 10 still states that these
valves may be tested in accordance with the OM Code. From the January 31, 1997, telephone
conference, Westinghouse will revise the SSAR.



Attachment 1 to NSD-NRC-97-4989
Westinghouse Response

The second paragraph of the response for Issue 87 in Section 1.9 will be revised to indicate that
compliaice with the ASME OM is required rather than being an option. Also, the response will be
revised to make the response consistent with the position in subsection 3.9.6.2.2 on testing of valves.
A markup of the changes is attached.

NRC Letter Enclosure 6

2. OITS Item No. 801
Action W

Note: This is only a portion of this item. The balance of the question will be answered with items
related to valve qualification.

Westinghouse had added SSAR Subsection 3.9.6.2.3 to address valve disassembly and inspection.
The disassembly and inspection program must also be addressed in Section 3.9.8, as the COL will
have to develop this program.

Westinghouse Response

Specific reference to the valve disassembly and inspection program will be added to subsection
3.9.84. A markup of the SSAR changes is attached.

3. OITS Item No. 805
Action W

Valves RNS-V002A/B are CIVs and are Type C tested per SSAR Table 6.2.3-1. These valves should
be leak tested in the ISTP, Table 3.9-16. In the January 31, 1997, telephone conference,
Westinghouse will revise SSAR Table 6.2.3-1.

Westinghouse Response
Because of the function and lay out of the normal residual heat removal system these valves are not
subject to a containment leak test. The notes for these valves in Table 6.2.3-1 will be revised to

clarify this and be consistent with the information in Table 3.9-16. A markup of the changes is
attached.

4. OITS Item No. 807
Action W

Per NRC comments on the testing deferral, revise Note 4, Note 9, Note 11, and Note 21 in SSAR
Table 3.9-16. In the January 31, 1997, telephone conference, Westinghouse stated they will provide
additional justification on the use of solenoid operated valves for the head vent (Note 4); provide
additional information on "sufficiently long" cold shutdown times (Note 9); delete RNS-PL-V046 from
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Note 21 and the table (Note 21); provide additional information on the testing capabilities of VES-PL-
VOOO8 A and B (Note 21). The staff will respond to the Westinghouse December 17, 1996, letter
regarding Note 11,

Westinghouse Response

Note 4 will be revised to identify the potential for qQuarterly testing to cause valve leakage. Solenoid
valves are chosen for this application because they are the best overall choice to meet the several
disparate design requirements. These valves have safety-related functions to transfer open and to
transfer close. Air operated valves are not well suited to such an application because they are
normally capable of safety-related transfer in only one direction. To achieve safety-related transfer
capability in two directions requires the use of a piston operator and a safety-related air supply.
Motor-operated valves are also not well suited to this application because they are larger and heavier
with an extended operator that makes them difficult to locate and support. Motor-operated valves are
also less reliable. Both air operated valves and motor-operated valves have packirg which is subject
to leakage.

Note 9 will be revised to add a partial exercise testing of the accumulator check valves at longer cold
shutdowns. Full stroke exercise testing during refueling shutdowns is maintained.

Note 11 will be revised to provide additional information on the test device used to open the
recirculation check valve disks.

Reference to Note 21 wiil be deleted from the entry for valve RNS-PL-V046.

A markup of the changes is attached.

5. OITS Item No. 809
Action W

Delete the first sentence of the second paragraph in SSAR Subsection 3.9.6.2, and move the second
sentence to the end of the paragraph. Westinghouse will revise the SSAR.

Westinghouse Response

This paragraph will be revised to clarify the requirements for testing of valves with RTNSS important
missions. A markup of the changes i; attached.

6. OITS Item No. 1730
Action W

Valve PCS-VO14A is a normally closed stop check valve (P&ID Fig. 6.2.2.1 of the SSAR, Rev. 6 .
and Rev. 9) with a safety function to open. However, no check exercise is specified and the vaive is
still identified as a Category B valve in Revision 10. Westinghouse will revise the SSAR.



Attachment 1 to NSD-NRC-97-4989
Westinghouse Response

A check exercise test will be included in Table 3.9-16 for this valve. A markup of the change is
attached.

7. OITS Item No. 1731
Action W

Westinghouse has stated that valves RCS-PL-150VA-D have an active function to move to the open
position. However, SSAR Fig. 5.1-5 identifies these valves as failed closed. The IST Table should
be revised such that these valves are subject to a fail-safe test, or the P&ID should be revised.
Westinghouse will include the testing in the SSAR.

Westinghouse Response
Table 3.9-16 will be revised to include a safety function of Active-to-Fail for these valves.

13. RA! Q952-96
Action N

In a letter response dated May 13, 1996, Westinghouse continues to state that the ADS valves will be
tested at conditions determined with input from type selection testing. The qualification testing of the
prototypical ADS valves should be performed under design basis conditions. From the January 31,
1997, telephone conference, Westinghouse stated the response did not apply to ISTP. The staff will
review the issue further for acceptability.

Westinghouse Response

This question is in reference to a response to an RAI about ADS system testing. Westinghouse has
been very specific that these tests were not valve qualification testing. Since this RAI response was
not about valve qualification, there is no need to revise it to address a valve qualification question.



1. Introduction and General Description of Plant

Issue 87  Failure of HPCI Steam Line Without Isolation
Discussion:

Generic Safety Issue 87 addresses the uncertainty regarding the operability of the motor-
operated isolation valves for the steam supply lines of the high-pressure coolant injection
(HPCI) system in boiling water reactors following a postulated break in the supply line. A
break in the line could lead to high flow or high differential pressure that may inhibit closure
of the isolation valve. These valves typically cannot be tested in-situ for the design flow rates
and pressures. Although the AP600 does not have a high-pressure coolant injection system,
it does have isolation valves designed to close against high flow or high pressure differential
in the event of a postulated pipe break.

The issue of the operability of motor-operated valves has received considerable attention since
Generic Safety Issue 87 was initiated. The NRC provided guidance for inservice testing of
motor-operated, safety-related valves in Generic Letter 89-10. SECY-93-087 identifies the
proposed position on inservice testing of safety-related valves for advance light water reactors.
The guidance in these documents recommends that safety-related valves be tested under full
flow under actual plant conditions where practical. EPRI has a program to demonstrate
operation of motor-operated valves.

AP600 Response:

Safety-related valves must meet the requirements of ASME Code, Section IIl to provide
pressure boundary integrity. Valves and valve operators are sized to provide operation under
a full range of design basis flow and pressure drop conditions. For the AP600, safety-related
motor-operated valve designs are subject to qualification testing to demonstrate the capability
of the valve to open, close, and seat against maximum pressure differential and flow. The
requirements for this testing are based on ANSI B16.41, "Functional Qualification
Requirements for Power Operated Active Valve Assemblies for Nuclear Power Plants." See
subsection 5.4.8 for an outline of AP600 valve requirements. Q A
The in- servnce testing program for safety-related valves is discussed in subsection 3.9.6. ?J" 23/
otor-operated valves and-eheek-vatves-are (o be operability tested as \
outlined 1n subsection 3.9.6.2.2 underful-flow-under-actual-plant-eonditions—Subsection
/ 3.9.6.2.2 includes a discussicn of the factors to be considered to determine which valves and

the test conditions to used for oberability testing of power-operated valves. Sufficient flow

is provided to fully open check valves during testing unless the maximum accident flows are

i
not sufficient to fully open the check valve. MQMME W/
mey-bestEsied in compliance with the requirements found in the ASME code, "Code for

ration and Maintenance of Nuclear Power Plants." For additional information on inservice
testing of safety-related valves, see subsection 3.9.6.

Revision: 11
February 28, 1997 1.9-62 @ Westinghouse



3. Design of Structures, Components, Equipment and Systems

Handle spent fuel, the failure of which could result in fuel damage such that significant
quantities of radioactive material could be released from the fuel and results in offsite
doses greater than normal limits (for example, new and spent fuel racks, the bridge, and
the hoist)

Maintain spent fuel sub-critical

Monitor radioactive effluent to confirm that release rates or total releases are within
limits established for normal operations and transient operation

Monitor variables to indicate status of Class A, B or C structures, systems, and
components required for post-accident mitigation

Provide for functions defined in Class B where structures, systems, and components, or
portions thereof are not within the scope of the ASME Code, Section IIl, Class 2.

Provide provisions for connecting temporary equipment to extend the use of safety
related systems. See subsection 1.9.5 for a discussion of actions required for an
extended loss of onsite and offsite ac power sources.

The components and portions of systems that provide emergency core cooling functions and
are required to have radiography of a random sample of welds during construction include the
following:

Accumulators

Injection piping from the accumulators to the reactor coolant system isolation check
valves in the direct vessel injection line

Piping from the in-containment refueling water storage tank (IRWST) and recirculation
screens to the reactor coolant system isolation check valves in the direct vessel injection
line

Piping from the Stage 1, 2, and 3 automatic depressurization system valves to the
IRWST including the spargers.

The IRWST is formed from portions of structural modules that are elements of the
cortainment in.zrnal structures. The inspection requirements for the welds in these structural
| modules are provided in Subsection 3.8.3.6.2.

3226  Equipment Class D

Class D is nonsafety-related with some additional requirements on procurement, inspection
or monitoring.

Draft, 1997

Revision: 11 o \ssanvi03020 811021797
328 @ Westinghouse
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3. Design of Structures, Components, Equipment, and Systems

Table 3.2-3 (Sheet 31 of 61)

AP600 CLASSIFICATION OF MECHANICAL AND
FLUID SYSTEMS, COMPONENTS, AND EQUIPMENT

Seismic Support Plate

Category

Tag Number Description AP600  Seismic
Class
Reactor System (Continued) .
RXS-MI-01 Reactor Upper Internals CB 1
RXS-MI-02 Reactor Lower Internals CB |
RXS-MI-10 Non-Threaded Fasteners D NS
RXS-MI-11 Threaded Structural Fasteners €B) 1
RXS-MI1-2¢ Lower Core Support Plate @@ I
RXS-MI-21 Secondary Core Support D Il
RXS-MI-22 Vortex Suppression Plate D n
RXS-MI-23 Radial Reflector Assembly D Il
RXS-MI-24 Radial Supports [4] @ I
RXS-MI-25 Core Barrel (B2 1
RXS-MI-26 Core Barrel Nozzle @ 1
KXS-MI-27 Head and Vessel Pins D I
f RXS-MI-28 Lower Support Plate Fuel @) |
Alignment Pins
RXS-MI-29 Core Barrel Hold Down B 1
Spring
RXS-MI-50 Upper Support I
RXS-MI-51 Upper Core Plate CE I
RXS-MI-52 Support Columns (38) @) I
RXS-MI-53 Guide Tube Assemblies [61] (CB> 1
RXS-MI-54 Upper Support Plate Fuel  (TB) I
Alignment Pins }
RXS-MI-55 Upper Core Plate Inserts &/ I
RXS-MI-56 Safety Injection Deflector D I
RXS-MI-57 Irradiation Specimen Guide D 1
Tubes
RXS-MI-58 Head Cooling Nozzles D I
RXS-MV-10 Reactor Integrated Head C I
Packagz
RXS-MV-10A Integrated Head Package C I
Shroud
RXS-MV-10B Integrated Head Package C I

Principal Con-  Comments
struction Code

ASME 111, CS
ASME 111, CS
ASME 111, CS
ASME 111, CS§
ASME III, CS
ASME 111, CS
ASME III, CS
ASME 111, CS
ASME III, CS
ASME 111, CS
ASME 111, CS
ASME 111, CS
ASME 111, CS

ASME III, CS

ASME i1, CS
ASME IiI, CS
ASME 11, CS
ANSI B31.1

ASME 111, CS

ASME 111, CS
ANSI B31.1
ANSI B31.1

ANSI B31.1
AISC-690

ASME-NF

ASME-NF
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3. Design of Structures, Components, Equipment, and Systems

For evaluation of spray wetting, flooding, and subcompartment pressurization effects,
longitudinal crucks (with crack flow areas of 1 square foot) are postulated in the main
steem and main feedwater piping. The dynamic effects of pipe whip and jet
ir.ningement ~re not evaluated for these cracks. Locations having the greatest effect on
essential ecuipment are chosen.

Guard pipe assemblies for high-energy piping in the containment annulus region between
the containment shell and shield building that are part of the containment boundary are
designed according to the rules of Class MC, subsection NE, of the ASME Code. The
following requirements also apply. The design pressure and temperature are equal to or
greater than the maximum operating pressure and temperature of the enclosed process
pipe under normal plant conditions. Level C service limits of the ASME Code,
Section III, Paragraph NE-3221(c), are not exceeded by the loadings associated with
containment design pressure and temperature in combination with a safe shutdown
carthquake. The guard pipe assemblies are subjected to a pressure test performed at the
maximem operating pressure of the enclosed process pipe.

Areas of system piping where no breaks, except as noted in subsections 3.6.1.3 and 3.6.1.2.2,
are postulated are as follows:

fe

&4

®

The 1main steam piping, from the containment penetration flued head outboard weld, to
the upstream weld of the auxiliary building anchor downstream of the main steam
isolation valves, including the main steam safety valves and the connecting branch piping

The main feedwater piping; from the containment penetration flued head outboard 'weld,
to the auxiliary building anchor upstream of the isolation valve—ncluding branch
CORRBCHORY

The startup feedwater piping from the containment penetration to the auxiliary building

anchor upstream of the isolation valve including-branch-connections

The steam generator blowdown piping from the containment to auxiliary building anchor
downstream of the isolation valve

The chemical and volume control system makeup piping from the containment to
Wﬂmmbowd isolation valve including-branch-conneetions.

" The chemical and volume control system makeup piping from the containment
inboard isolation valve ineluding braneh-conneetions.

All other fluid system containment penetrations are for moderate-energy systems or for pipe
of 1-inch nominal diameter or smaller. See subsection 6.2.3 for a discussion of containment
penetrations.

Revision: 10
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3. Design of Structures, Components, Equipment, and Systems

Essential Target Evaluation )M

To complete the essential target evaluation jet parameters, volumetric area of affected
compartments, plant layout, and scparating structures are considered. Parameters that

determine the shape of the jet and the magnitude of the jet and thrust loads include pressure,
temperature, and friction losses between the break and the reservoir. The volumetric area

affected is determined by considering jet shape and loads at the postulated location of the

breaks. Where an initial evaluation of essential targets indicated adverse effects, layout may

be changed to relocate the target or postulated break. If necessary, the location of whip o ¥
restraints and jet shields is established to protect essential systems and components. Essential 7.4 2.3/

uipme whip restraints or jet shields is listed in Table 3.6-3,/The criteria
or the break location postulated for evaluation of separating structures is outW
subsection 3.6.132.

e e e e e e e o
PR TR —
I

e mt——

Verification of the Pipe Break Hazard Analysis ) FoL 5

The ASME Code, Section 111, requires that each plant have a Design Report for the piping
system that includes as-built information. Included in the Design Reports are the loads and
loading combinations used in the analysis. Where mechanistic pipe break requirements are
used to eliminate the evaluation of dynamic effects of pipe rupture in ASME Code, Section
III, Class 1, 2, and 3 piping system, the basis for the exclusion is documented in the Design
Report.

As-built reconciliation of the pipe break hazard analysis is addressed by the Combined License
applicant.

36.26  Evaluation of Flooding Effects from Pipe Faﬂures) ’&j@

The effect of flooding due to high and moderate energy pipe failures on essential systems and
components is described in Section 3 4.

3627 Evaluation of Spray Effects from High- and Moderate-Energy Through-Wall Cracks) %’

Essential systems and components are evaluated for the potential effects of spray from high-
and moderate-energy through-wall cracks. Spray effects are assumed to be limited to the
compartment where the pipe failure occurs. The spray is assumed to wet unprotected
components in the compartment. It is further assumed the spray does not damage non-
electrical passive components, including piping, ducts, valve bodies, or mechanical
components of valve operators. Spray may cause failure of electrical components not
designed to withstand wetting. Components protected by NEMA 4 or NEMA 12 enclosures
are not affected by spray effects.

The safe shutdown components inside containment are subject to wetting from design basis
events inside containment. These conditions bound the effects of spray from moderate energy
cracks. Sensitive components are qualified for this environment as described in Section 3.11.

Revision: 10
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3. Design of Structures, Components, Equipment, and Systems

3634 Docuimentation of Leak-before-Break Evaliations

The leak-before-break evaluation is used to support the elimination of dynamic effects of pine
breaks from the loading conditions for the piping analysis. An evaluation of leak-before-break
using the as-built configuration of the piping system and supports is required as part of the
Design Report of the as-built configuration required to meet ASME Code requirements.
Appendix 3B contains a discussion of the bounding analysis methods for the leak-before-break
evaluation.

The analysis methods, criteria, and loads used for evaluation of stress in piping systems are
ontlined in subsections 3.7.3 and 3.9.3. The seismic input bounds the soil design profiles
outlined in subsection 3.7.1.4 and Appendicies 2A and 2B. The evaluation also bound soil
profiles qualified using site specific evaluations as outlined in subsection 2.5.4.5.5

364 Combined License Information ) _—Ea%

364.1 Pipe Break Hazard Analysis ) ' ;
oxr
Combined License applicants referencing the AP600 certified design will address as built 3. &2, 3/
l reconciliation of the pipe break hazards analysisfin accordance with mé’fﬁ&@
| Qlll:')sections 36.132 and 3.6.2.

3642  Leak-before-Break Evalua:ion) oy

Combined License applicants referencing the AP600 certified design will address:
1) verification that the as-built stresses, diameter, wall thickness, material, welding process,
pressure, and temperature in the piping excluded from consideration of the dynamic effects
of pipe break are bounded by the leak-before-break bounding analysis; 2) a review of the
Certified Material Test Reports or Certifications from the Material Manufacturer to verify that
the ASME Code, Section III strength and Charpy toughness requirements are satisfied; and
3) complete the leak-before-break evaluation by comparing the results of the final piping stress
analysis with the bounding analysis curves documented in Appendix 3B.

365 References Boil)-

. NUREG/CR-2913, "Two-Phase Jet Loads," January 1983.

2. WCAP-8077, "Ice Condenser Containment Pressure Transient Analysis Methods,"
March 1977.

3. ASME/ANSI-B31.1, Code for Power Piping, 1989 Addenda to 1989 Edition.

4. ANSUANS-58.2-1988, "Design Bases for Protection of Light Water Nuclear Power
Plants Against Effects of Postulated Pipe Rupture.”

5. Moody, F. J., Fluid Reaction and Impingement Loads, paper presented at the ASCE
Specialty Conference, Chicago, December 1973,
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3. Design of Structures, Components, Equipment, and Systems

Table 3.6-3

ROOMS WITH HIGH ENERGY PIPE BREAKS AND POTENTIAL
ESSENTIAL TARGET INTERACTION

Elevation Room High Energy Essential Equipment Protected by Whip Restraints or
Numbers*  Break Source Jet Shields
66'-6" None
826" 1201 RCS Press. Spray ~ RCS-ADS valves: VOO4A, VOO4C; VO14A, VOI14C
= Terminal End
11204 None
11209 None
96'-6" 11204 None
11209 None
100'0" and 107°-2" 11209 SGS Blowdown CVS Makeup, CVS Letdown, CVS Hydrogen Supply, and
Pipe chase  Piping - Terminal ~ SGS steam generator blowdown piping

7 CVS Makeup

R@ v E R

1 CVS Makeup valve V091 ™ 21040
Piping - Terminal ro Dok
ms‘______/
11300 None
11301 None
11303/ RCS Makeup RGS-and-SGS sg blowdown and §g drain Piping,
11304 Piping - RCS pressurizer pressure and level instrumentation, #nd
Intermediate Break  Pressurizer support steel
176" 11400 SGS Start Up INone Raceways-and-cablesfor-Divisions -A/C-and-BA
Feedwater Piping -
Terminal end
11401 Nene RCS-ADS valves: VAO4A, VOMMC, VO14A, V014C
are protected om a break Jocated in room 11403
11402 Steam Generator supports are protected from a break
located in room 11400
Revision: 10
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3. Design of Structures, Components, Equipment, and Systems

None
Raceways for Divisions A/C and B/D

RCS-ADS valves: VOO4A, VOOAC, VOI4A, V014C

135'.3"

160'6" and 153'-0"

11602

11603

11703 RCS ADS ‘Stage 1
Piping - Teminal

—~— il

RCS head vent piping

RCS piping and ADS valves 002B, 003B, 012B, & 013B
Raceways and cables for Divisions A/C and B/D

RCS piping and ADS valves 002A, 003A, 012A, & 013A
Raceways and cables for Division B/D A/C Rp |

12244 CVS Makeup
Piping - Terminal
End

EDL~® o
cvsmmmvmjp*pog,,_bzwq
/

* See Figures 1.2-1 through 1.2-8, 1.2-10, and 1.2-11 for room numbers

3.6-49

Revision: 10
December 20, 1996



3. Design of Structures, Components, Equipment, and Systems

39.23

Heat exchangers
Filters
Passive valves

Dynamic analysis without testing is used to qualify heavy machinery too large to be tested.
For active equipment, it is verified that deformations due to seismic loadings do not cause

binding of moving parts to the extent that the component cannot perform its required safety
function.

Dynamic Testing

Dynamic testing is used for components with mechanisms that must change position in
order to perform the required safety function. Section 3.10 discusses the seismic
qualification of electrical equipment and combinations of valves and valve operators. Such
components include the following:

*  Electric motor valve operators
*  Valve position sensors
*  Similar appurtenances for other active valves

Combinations of Analysis with Testing

Combinations of aaalysis, static testing, and dynamic testing are used for seismic
qualification of complex valves. Section 3.10 discusses the requirements for these
combinations for equipment, which includes the following:

Main steam and main feedwater isolation valves
e Other active valves

Dynamic Response Analysis of Reactor Internals under Operational Flow Transients
and Steady-State Conditions

The vibration characteristics and behavior due to flow-induced excitation are complex and
not readily ascertained by analytical means alone. Assessment of vibrational response is
done using a combination of analysis and testing. Comparisons of results obtained from

reference plant vibration measurement programs have been used to confirm the validity of ©F
scale model tests and other prediction methods as well to confirm the adequacy of reference 7. 7. 338-2

bt v S

2. By

lant_internals regarding flow induced vibration,

ﬂow-iMuwd vibrion assessment is documented in WCAP-14761 (Referen

Reactor components are excited by flowing coolant, which causes oscillatory pressures on
the surfaces. The integration of these pressures over the applied arca provides the forcing
functions to be used in the dynamic analysis of the structures. In view of the complexities
of the geometries and the random character of the pressure oscillations, a closed form

Draft, 1997
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3. Design of Structures, Components, Equipment, and Systems

3924

The reactor coolant canned motor pumps of the AP600, have the same rotational speed and
the same number of impeller blades as in previous plants. Therefore, a significant change
in vibration is not expected. The forcing function frequencies are similar to previous plants.
For calculation of pump induced pulsations acting on the AP600 reactor internals, the
pulsation level at the pumps is taken to be the same as the level previous shaft seal pumps.
Since the horsepower of the AP600 pumps is lower than in shaft seal pumps, the shaft seal
pulsation s a conservative analysis basis for the AP600

Pre-operational Flow-Induced Vibration Testing of Reactor Internals

The pre-operational vibration test program for the reactor internals of the AP600 conducted
on the first AP600 is consistent with the guidelines of Regulatory Guide 1.20 for a
comprehensive vibration assessment program. Design features that have not previously been
tested in the reference plants or subsequent testing are tested to verify the vibration analysis.
Conformance with Regulatory Guide 1.20 is summarized in Section 1.9.1.

The program is directed toward confirming the long-term, steady-state vibration response
of the reactor internals for operating conditions. The three aspects of this evaluation are the
following: a prediction of the vibrations of the reactor internals, a preoperational vibration

test program of the internals of the first plant, and a correlation of the analysis and test
results.

With respect to the reactor internals preoperational test program, the first AP600 plant
reactor vessel internals are classified as prototype as defined in Regulatory Guide 1.20. The
AP600 reactor vessel internals do not represent a first-of-a-kind or unique design based on
the arrangement, design, size, or operating conditions. The units referenced in the subsec-
tion 3923 as supporting the AP600 reactor vessel internals design features and
configuration have successfully completed vibration assessment programs including vibration
measurement programs. These units have subsequently demonstrated extende satisfactory
inservice operation.

The fcrcnc{}lam for the AP600 is H. B. Robinson that has substantially the
same §i operating conditions as the AP600. Structural differences include
modifications resulting from the use of 17x17 fuel, the removal of the thermal shield and
the change to the inverted top hat upper internals support assembly. These design changes
were incorporated into the Doel 3 and Doel 4 reactor internals as well as the AP600.

The effects of these design evolutions from the reference plant were shown by instrumented
preoperational testing at the Doel 3 (upper internals) and Doel 4 (lower internals) plants.
The vibrational responses of the AP600 reactor internals are characterized by the Doel 3 and
4 vibration measurement programs.

The pre-operational test program of the first AP600 plant includes a limited vibration
measurement program and a pre- and post-hot functional inspection program. This program
satisfies the guidelines for a Regulatory Guide 1.20 Prototype Category plant. The AP600
reactor internals design does not require supplemental testing including component vibration

Draft, 1997
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3. Design of Structures, Components, Equipment, and Systems

considering the maximum stresses for each condition and combining them with square root
of the sum of the squares method.

The system seismic analysis of the reactor vessel and its internals is either performed by a
response spectrum analysis method or by a time-history integration method. Both of these
analysis techniques are consistent with guidelines in the Standard Review Plan.

For certain systems or components, when time dependem seismic response is desired, the
nonlinear time history analysis is used. The seismic time-history analysis technique is
essentially the same as that for the pipe rupture analysis, except that in seismic analysis time
history accelerations are used as the forcing function. The seismic response is combined
with the pipe rupture response, as outlined in subsection 3.9.3, in order tc obtain the
maximum stresses and deflections.

Reactor internals components are within acceptable stress and deflection limits for the
postulated pipe rupture combined with the safe shutdown earthquake condition.

39253 Control Rod Insertion

Du.'ng full power plant operation, rod cluster control assemblies and the corresponding
drive rod assemblies are held at a fully withdrawn position by their respective control rod
drive mechanisms. During certain accident conditions, such as small break loss of coolant
accident or a safe shutdown earthquake condition or both, control assemblies are assumed
to drop to their fully inserted position. The guide tubes are evaluated to demonstrate the
function of the control rods for a break size of 144 inches and smaller.

No credit for the function of the control rods is assumed for large breaks in the safety
analyses outlined in Chapter 15. However, for break sizes consistent with use of the leak-
before-break criteria, the design of the guide tubes permits control rod insertion at each
control rod position.

3926 Correlation of Reactor Internals Vibration Tests with the Analytical Results

The results of dynamic analysis of reactor internals have been compared to the results of
preoperational testing in reference plants. This comparison verifies that the analytical model
used provndes appropriate results, oT

' The dampmg for fuel uaembhés of 20% for the evaluation of the response dunng a snf 3 5 /
|/ shutdown earthquake is for the 