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Subject: AP1000 COL Standard Technical Report Submittal of APP-GW-GLR-119, Revision 0

In support of Combined License application pre-application activities, Westinghouse is submitting
Revision 0 of AP1000 Standard Combined License Technical Report Number 119. The purpose of
Technical Report 119 is to provide a justification for the removal of Tier 2* information from Chapter 4
of the Design Control Document in Revision 16 for the initial core for the AP1000 Combined License.
Changes to the Design Control Document identified in Technical Report Number 119 are intended to be
incorporated into FSARs referencing the AP 1000 design certification or incorporated into an amended

design certification. This report is submitted as part of the NuStart Bellefonte COL Project (NRC Project
Number 740). The information included in this report is generic and is expected to apply to all COL
applications referencing the AP 1000 Design Certification.

The purpose for submittal of this report was explained in a March 8, 2006 letter from NuStart to the
U.S. Nuclear Regulatory Commission. This revision includes markups to DCD Appendix 3C.

Pursuant to 10 CFR 50.30(b), APP-GW-GLR-1 19, Revision 0, "AP1000 Design Control Document
Chapter 4 Tier 2* Information," Technical Report Number 119, is submitted as Enclosure 1 under the
attached Oath of Affirmation.

It is expected that when the NRC review of Technical Report Number 119 is complete, Tier 2*
information will be removed from Chapter 4 of the DCD in Revision 16.

Questions or requests for additional information related to the content and preparation of this report
should be directed to Westinghouse. Please send copies of such questions or requests to the prospective
applicants for combined licenses referencing the AP1000 Design Certification. A representative for each
applicant is included on the cc: list of this letter.

Westinghouse requests the NRC to provide a schedule for review of this Technical Report within two
weeks of its submittal.
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Very truly yours,

JA. Sterdis, 4anager
Licensing and Customer Interface
Regulatory Affairs and Standardization

/Attachment

1. "Oath of Affirmation," dated May 24, 2007

/Enclosure

1. APP-GW-GLR-0 119, Revision 0, "AP1000 Design Control Document Chapter 4 Tier 2*
Information," Technical Report Number 119, dated May 2007.
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ATTACHMENT I

UNITED STATES OF AMERICA

NUCLEAR REGULATORY COMMISSION

In the Matter of: )

NuStart Bellefonte COL Project )

NRC Project Number 740 )

APPLICATION FOR REVIEW OF
"AP 1000 GENERAL COMBINED LICENSE INFORMATION"

FOR COL APPLICATION PRE-APPLICATION REVIEW

W. E. Cummins, being duly sworn, states that he is Vice President, Regulatory Affairs & Standardization,
for Westinghouse Electric Company; that he is authorized on the part of said company to sign and file
with the Nuclear Regulatory Commission this document; that all statements made and matters set forth
therein are true and correct to the best of his knowledge, information and belief.

W. E. Cummins
Vice President
Regulatory Affairs & Standardization

Subscribed and svyqorn to
before me thisoay"'day
of May 2007.

COMMONWEALTH OF PENNSYLVANIA
MebaMcCarthiy, Notary PublicIMnroevil S0ra, Allegheny countyIMy Commission 'ExPires Aug. 31,2009

Member, Penlfsy~ivania Association of Notaries
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ENCLOSURE 1

APP-GW-GLR-1 19, Revision 0

AP1000 Design Control Document Chapter 4 Tier 2* Information

Technical Report Number 119
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APP-GW-GLR-1 19, Revision 0 AP 1000 Standard
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INTRODUCTION

The purpose of Technical Report 119 is to provide a justification for the removal of Tier 2* information
from Chapter 4 of the Design Control Document in Revision 16 for the initial core for the AP1000
Combined License. This information was asterisked because changes to the Tier 2* information must be
reviewed by the NRC for the first reactor core. In WCAP- 16652-NP (Technical Report 18),
Westinghouse committed to provide a generic Core Reference Report to address final core and fuel design
changes prior to initial core load. The Core Reference Report will provide a standard reference to be used
by COL license holders in the submittal of License Amendment Requests. The core reference report will
contain the supplemental technical information required for closure of the Combined License Information
Items contained in Chapter 4 of the AP1000 Design Control Document (DCD). Chapter 4, "Reactor,"
describes the mechanical components of the reactor and reactor core, including the fuel rods and fuel
assemblies, the nuclear design, and the thermal-hydraulic design. Technical Report 119 requests
permission to change DCD Chapter 4 Tier 2* information to Tier 2 based on the commitment to submit a
generic Core Reference Report for the initial core.

Westinghouse proposes to change Chapter 4 Tier 2* information in Revision 16 of the DCD. The original
Tier 2* information will be revised to normal text with no brackets, italics, or asterisks. Table I of
Technical Report 119 commits that changes to the DCD Chapter 4 previous Tier 2* information in this
table for the first core will be submitted as a part of a Core Reference Report to the NRC and submittal of
a License Amendment Request (LAR) as described in 10 CFR 50.92 before initial startup. Changes to
fuel and core parameters made in subsequent cycles will be made consistent with Westinghouse's NRC
approved reload methodology.

The remaining portions of Technical Report 119 contain full subsections from Revision 15 of Chapter 4
of the AP 1000 Design Control Document that contained the Tier 2* information and the proposed
changes.

CONCLUSION

Tier 2* information in Revision 15 of the Design Control Document and in Technical Report 18 (WCAP-
16652-NP) is marked up in Appendix 1 to reflect removal of italics and bracketed, asterisked, information
based on a commitment to submit changes to previous Tier 2* information for the initial core in a Core
Reference Report.

REFERENCES

1. APP-GW-GLR-059, "AP1000 Core & Fuel Design Technical Report (18)" (WCAP-16652-NP,
Revision 0)

2. APP-GW-GL-700, "AP1000 Design Control Document", Revision 15

APP-GW-GLR- 119 RO Page 4 of 29
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APPENDIX 1

TABLE 1
REQUESTED CHANGE SUMMARY

IDCD (Rev. 15} Change Summarv for Chanter 4 - Sections 4.1.4.2. 4.3 and 4.4

ID Sec Page Update Rationale for DCD Update

4.1 [1] 4.1.1 4.1.4 - Remove Tier 2* information Changes to the principle design
4.1.6 (remove italics, brackets, and requirements and for the applicability

4.1.3 asterisk) from the specific of Reference 9 for the first core will be

principle design requirements in submitted as a part of a Core Reference
Section 4.1.1. Remove Tier 2* Report to the NRC and submittal of a
from Reference 9 in Section 4.1. 1. License Amendment Request (LAR) as

described in 10 CFR 50.92 before
The change for the average first initial startup. Changes to the principle
cycle linear power from 5.71 to deinrqrmntadfoth

5.71 wasprevousl mad in design requirements and for the
5.718 was previously made in applicability of Reference 9 made in
APP-GW-GLR-059. subsequent cycles will be made

consistent with Westinghouse's NRC
approved reload methodology.

4.2 [1] 4.2 4.2-2 Remove Tier 2* information for Changes to the applicability of WCAP-
the use of WCAP-12488 as a basis 12488 as a basis for a set a fuel design
for a set a fuel design criteria, criteria for the first core will be

submitted as a part of a Core Reference
Report to the NRC and submittal of a
License Amendment Request (LAR) as
described in 10 CFR 50.92 before
initial startup. Changes to the
applicability of WCAP-12488 as a
basis for a set a fuel design criteria
made in subsequent cycles will be
made consistent with Westinghouse's
NRC approved reload methodology.

4.2 [2] 4.2.1 4.2-2 Remove Tier 2* information for Changes to the fuel design bases and
fuel design bases and acceptance acceptance limits for the first core will
limits be submitted as a part of a Core

Reference Report to the NRC and
submittal of a License Amendment
Request (LAR) as described in 10 CFR
50.92 before initial startup. Changes to
fuel design bases and acceptance limits
made in subsequent cycles will be
made consistent with Westinghouse's
NRC approved reload methodology.

APP-GW-GLR- 119 RO Page 5 of 29
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DCD (Rev. 15) Change Summary for Chanter 4 - Sections 4.1. 4.2. 4.3 and 4.4

ID Sec Page Update Rationale for DCD Update

4.2 [3) 4.2.1.1.2 4.2-3 Remove Tier 2* information for Changes to the clad stress and strain
clad stress and strain results results for the first core will be

submitted as a part of a Core Reference
Report to the NRC and submittal of a
License Amendment Request (LAR) as
described in 10 CFR 50.92 before
initial startup. Changes to the clad
stress and strain results made in
subsequent cycles will be made
consistent with Westinghouse's NRC
approved reload methodology.

4.2 [4] 4.2.1.1.3 4.2-3 Remove Tier 2* information for Changes to the results of the
the usage factor due to cyclic determination of the usage factor due to
fatigue cyclic fatigue for the first core will be

submitted as a part of a Core Reference
Report to the NRC and submittal of a
License Amendment Request (LAR) as
described in 10 CFR 50.92 before
initial startup. Changes to the results of
the determination of the usage factor
due to cyclic fatigue made in
subsequent cycles will be made
consistent with Westinghouse's NRC
approved reload methodology.

4.2 [5] 4.2.1.5 4.2-5 Remove Tier 2* information for Changes to the applicability of WCAP-
the use of WCAP-12488 12488 as a valid methodology to
methodology to evaluate fuel evaluate fuel assembly design changes
assembly design changes. for the first core will be submitted as a

part of a Core Reference Report to the
NRC and submittal of a License
Amendment Request (LAR) as
described in 10 CFR 50.92 before
initial startup. Changes to the
applicability of WCAP-12488 as a
valid methodology to evaluate fuel
assembly design changes made in
subsequent cycles will be made
consistent with Westinghouse's NRC
approved reload methodology.

APP-GW-GLR-1 19 RO 
Page 6 of 29
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DCD (Rev. 15) Change Summary for Chapter 4 - Sections 4.1, 4.2, 4.3 and 4.4

ID Sec Page Update Rationale for DCD Update

4.2 [6] 4.2.1.6 4.2-7 Remove Tier 2* information for Changes to the applicability of WCAP-
the use of WCAP-12488 12488 as a valid methodology to
methodology to evaluate in-core evaluate in-core control components for
control components. the first core will be submitted as a part

of a Core Reference Report to the NRC
and submittal of a License Amendment
Request (LAR) as described in 10 CFR
50.92 before initial startup. Changes to
the applicability of WCAP-12488 as a
valid methodology to evaluate in-core
control components made in
subsequent cycles will be made
consistent with Westinghouse's NRC
approved reload methodology.

4.2 [7] 4.2.3 4.2-19 Remove Tier 2* information for Changes to the confirmation that fuel
the confirmation that fuel assemblies, fuel rods, and in-core
assemblies, fuel rods, and in-core components satisfy SRP Section 4.2
components satisfy SRP Section performance and safety criteria for the
4.2 performance and safety first core will be submitted as a part of
criteria, a Core Reference Report to the NRC

and submittal of a License Amendment
Request (LAR) as described in 10 CFR
50.92 before initial startup. Changes to
the extent that SRP Section 4.2
performance and safety criteria are met
in subsequent cycles will be made
consistent with Westinghouse's NRC
approved reload methodology.

4.2 [8] 4.2.3, 4.2.6 4.2-19, Remove Tier 2* information for Changes to the methodology for the
4.2.35 the use of WCAP-12488 fuel criteria evaluation process for the

methodology for the fuel criteria first core will be submitted as a part of
evaluation process. a Core Reference Report to the NRC

and submittal of a License Amendment
Nreviote, Referencese2and 424 we Request (LAR) as described in 10 CFR
previously added to Section 4.2 by 50.92 before initial startup. Changes to
APP-GW-GLR-059. the methodology for the fuel criteria

evaluation process in subsequent cycles
will be made consistent with
Westinghouse's NRC approved reload
methodology.

APP-GW-GLR-] 19 RO 
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DCD (Rev. 15) Change Summary for Chapter 4 - Sections 4.1, 4.2, 4.3 and 4.4

ID Sec Page Update Rationale for DCD Update

4.3 [1] 4.3.1, 4.3-1, Remove Tier 2* information for Changes to the use of enhanced
4.3.5 4.3-39 the use of enhanced analytical analytical techniques outside of those

techniques outside of those approved by NRC in WCAP- 12488-P-
approved by NRC in WCAP- A for the first core will be submitted as
12488-P-A. a part of a Core Reference Report to the

NRC and submittal of a License
Amendment Request (LAR) as
described in 10 CFR 50.92 before
initial startup. Changes to the use of
enhanced analytical techniques outside
of those approved by NRC in WCAP-
12488-P-A in subsequent cycles will be
made consistent with Westinghouse's
NRC approved reload methodology.

4.3 [2] 4.3.1.1.1 4.3-2 Remove Tier 2* information for Changes to the maximum average
maximum average burnup and bumup and maximum extended bumup
maximum extended bumup. for the first core will be submitted as a

part of a Core Reference Report to the
NRC and submittal of a License
Amendment Request (LAR) as
described in 10 CFR 50.92 before
initial startup. Changes to the
maximum average burnup and
maximum extended burnup in
subsequent cycles will be made
consistent with Westinghouse's NRC
approved reload methodology.

4.3 [3] Table 4.3-1 Remove Tier 2* status for the Changes to the description of the first
description of the first reactor core. reactor core will be submitted as a part

of a Core Reference Report to the NRC
Note that other changes to Table and submittal of a License Amendment
4.3-1 are described in APP-GW- Request (LAR) as described in 10 CFR
GLR-059. 50.92 before initial startup. Changes to

the description of the core in
subsequent cycles will be made
consistent with Westinghouse's NRC
approved reload methodology.

4.3 [4] Table 4.3-2 Remove Tier 2* status for the Changes to the nuclear design
nuclear design parameters for the parameters for the first reactor core will
first reactor core. be submitted as a part of a Core

Note that other changes to Table Reference Report to the NRC and
Noe thatter cesribed in TableGW submittal of a License Amendment
4.3-2 .a r ARequest (LAR) as described in 10 CFRGLR-059. 50.92 before initial startup. Changes to

the nuclear design parameters for the
first reactor core in subsequent cycles
will be made consistent with
Westinghouse's NRC approved reload
methodology.

APP-GW-GLR- 119 RO Page 8 of29
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DCD (Rev. 15) Change Summary for Chanter 4 - Sections 41. 4.2. 4.3 and 4.4

ID See Page Update Rationale for DCD Update

4.3 [5] Table 4.3-3 Remove Tier 2* status for the Changes to the reactivity requirements
reactivity requirements for rod for the rod cluster control assemblies
cluster control assembly for the for the first reactor core will be
first reactor core. submitted as a part of a Core Reference

Report to the NRC and submittal of a
License Amendment Request (LAR) as
described in 10 CFR 50.92 before
initial startup. Changes to the reactivity
requirements for the rod cluster control
assemblies for the first reactor core in
subsequent cycles will be made
consistent with Westinghouse's NRC
approved reload methodology.

4.4[l] 4.4.8 4.4-32 Remove Tier 2* status the use of Changes to the use of WCAP-12488
WCAP-12488 methodology as the methodology for maximum average
basis for maximum average bumup burnup and maximum extended bumup
and maximum extended burnup. for the first core will be submitted as a

part of a Core Reference Report to the
NRC and submittal of a License
Amendment Request (LAR) as
described in 10 CFR 50.92 before
initial startup. Changes to the use of
WCAP- 12488 methodology for
maximum average burnup and
maximum extended burnup in
subsequent cycles will be made
consistent with Westinghouse's NRC
approved reload methodology.

APP-GW-GLR-1 19 RO 
Page 9 of 29

APP-GW-GLR- 119 R0 Page 9 of 29



APP-GW-GLR- 119, Revision 0 AP 1000 Standard
COLA Technical Report

APPENDIX 1
DCD TIER 2* Mark-ups for

Chapter 4 - Section 4.1

(remove brackets, italics, asterisks)

4.1.1 Principal Design Requirements

The fuel and rod control rod mechanism are designed so the performance and safety criteria described in
Chapter 4 and Chapter 15 are met. [The mechanical design and physical arrangement of the r.eacto

eempenentsL~ teehr-ttte eeuaccuve aettens et fin reactor-

systems (when applicable) are
Requifementsi

conwo-l, proetecuion, and emer-gency
a, referred to as Principal Design

600

dlesigned to achiteve these criter-i

fThe mechanical design and physical arrangement of the reactor components, together with the
corrective actions of the reactor control, protection, and emergency cooling systems (when
applicable) are designed to achieve these criteria, referred to as Principal Design Requirements:

-Fuel damage, defined as penetratien of the fuel clad, is predicted net to occur during normal operat
and anticipated operational transients.

'Mater-ials used in the ifiel assembly and ini core control comonntae se-lected- to be compatible ina
pr-essuirized water- r-eactor cnVifeouent.

'For normnal operationt and anticipated transient conditions, the rnnimumff DNBR calcuflated usinlg the
WRB 2N4 correlation is greater- than or equal to 1. 11.

'Fuel melting will noet occur at the overpower limnit for- Condition 1 or 1I events.

'The ma-ximnum friel rod cladding temper-atwre following a loss of coolant accident is calcuilated to be less
thani-2200'R

'For- normal oper-ation and anticipated transient conditions, the calcutlated cor-e average linear- power-,
including densification effects, is less than or- equal to ý.:7l8 kw/ft for- the initial Pael cycle.

'For- normal oper-ation and anticipated transient conditions, the calcutlated total heat flux hot ehamiel
4heter-4 Q, is less than or- equal to 2.60 for- the initial fuel cycle.

'Calcuilated rod woefhs provide sufficient r-eacativity to account for the power- defect from full power- to
zero power- and provide the r-equired shutdown maar-gin, with allowance for the worst smaek rod.

'Calculations of the accidental withdr-awal of two control banks using the Maximum r-eaetivity change
rate predict that the peak linear- heat rate and DNBR limnits are met.

Fuel damage, defined as penetration of the fuel clad, is predicted not to occur during normal
operation and anticipated operational transients.

APP-GW-GLR- 119 RO Page 10 of 29
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" Materials used in the fuel assembly and in-core control components are selected to
be compatible in a pressurized water reactor environment.

* For normal operation and anticipated transient conditions, the minimum DNBR
calculated using the WRB-2M correlation is greater than or equal to 1.14.

* Fuel melting will not occur at the overpower limit for Condition I or II events.

* The maximum fuel rod cladding temperature following a loss-of-coolant accident
is calculated to be less than 22001F.

" For normal operation and anticipated transient conditions, the calculated core
average linear power, including densification effects, is less than or equal to 15.718
kw/ft for the initial fuel cycle.

" For normal operation and anticipated transient conditions, the calculated total
heat flux hot channel factor, FQ, is less than or equal to 2.60 for the initial fuel
cycle.

* Calculated rod worths provide sufficient reactivity to account for the power defect
from full power to zero power and provide the required shutdown margin, with
allowance for the worst stuck rod.

* Calculations of the accidental withdrawal of two control banks using the
maximum reactivity change rate predict that the peak linear heat rate and DNBR
limits are met.

APP-GW-GLR- 119 RO Page I1I of 29
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SThe ma -imum rod cantrol cOuster- assembly and grTay rod sped (or travs l rate ) is
4 5 inches per minute.

" The control rod drive mechanisms are hydrotested after manufacture at a minimum of
150 perrent of system design pressree.

" For the initial fuel cycle, the fuel rod temperature coefficient is calculated to be negative
for- p"ier operating oenditions.

" For the initial fuel cycle, the moderator temperature coeffiient is calculated to be
negative frpoer- oraing conditions.]*t The maximum rod control cluster
assembly and gray rod speed (or travel rate) is 45 inches per minute.

* The control rod drive mechanisms are hydrotested after manufacture at a
minimum of 150 percent of system design pressure.

* For the initial fuel cycle, the fuel rod temperature coefficient is calculated to be
negative for power operating conditions.

* For the initial fuel cycle, the moderator temperature coefficient is calculated to be
negative for power operating conditions.JA

4.1.3 References

1. Letter from N. J. Liparulo (Westinghouse) to J. E. Lyons (NRC), "Transmittal of
Response to NRC Request for Information on Wolf Creek Fuel Design Modifications,"
NSD-NRC-97-5189, June 30, 1997.

2. Letter from N. J. Liparulo (Westinghouse) to R. C. Jones (NRC), "Transmittal of
Presentation Material for NRC/Westinghouse Fuel Design Change Meeting on April 15,
1996," NSD-NRC-96-4964, April 22, 1996.

3. Letter from Westinghouse to NRC, "Fuel Criteria Evaluation Process Notification for the
17x 17 Robust Fuel Assembly with IFM Grid Design," NSD-NRC-98-5796,
October 13, 1998.

4. Letter from H. A. Sepp (Westinghouse) to T. E. Collins (NRC), "Notification of FCEP
Application for WRB-1 and WRB-2 Applicability to the 17x 17 Modified LPD Grid
Design for Robust Fuel Assembly Application," NSD-NRC-98-5618, March 25, 1998.

5. Letter from H. A. Sepp (Westinghouse) to T. E. Collins (NRC), "Fuel Criteria Evaluation
Process Notification for the Revised Guide Thimble Dashpot Design for the 17x 17 XL
Robust Fuel Assembly Design," NSD-NRC-98-5722, June 23, 1998.

6. Davidson, S. L., and Kramer, W. R., (Ed.), "Reference Core Report Vantage 5 Fuel
Assembly," WCAP-10444-P-A (Proprietary), September 1985 and WCAP-10445-A
(Non-Proprietary), December 1983.

7. Davidson, S. L., (Ed.), "VANTAGE 5H Fuel Assembly," Addendum 2-A, WCAP-10444-
P-A (Proprietary) and WCAP- 10445-NP-A (Non-Proprietary), February 1989.
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8. Davidson, S. L., and Nuhfer, D. L., (Ed.), "VANTAGE+ Fuel Assembly Reference Core
Report," WCAP- 12610-P-A (Proprietary) and WCAP- 14342-A (Non-Proprietary),
April 1995.

[9. Davidson, S. L. (Ed.), "Fuel Criteria Evaluation Process," WCAP 12488 A (Propretary)
and WCAP 14204 A (Non Proeprietar-y), Ocatober- 1991]

19. Davidson, S. L. (Ed.), "Fuel Criteria Evaluation Process," WCAP-12488-A
(Proprietary) and WCAP-14204-A (Non-Proprietary), October 1994.J-

10. NTD-NRC-94-4275 Westinghouse's Interpretation of Staffs Position on Extended
Burnup, August 29, 1994.
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APPENDIX 1
DCD TIER 2* MARK-UPS FOR

CHAPTER 4 - SECTION 4.2

(remove brackets, italics, asterisks)

4.2 FUEL SYSTEM DESIGN

The plant conditions for design are divided into four categories.

" Condition I - normal operation and operational transients
* Condition II - events of moderate frequency
* Condition III - infrequent incidents
* Condition IV - limiting faults

Chapter 15 describes bases and plant operation and events involving each condition.

The reactor is designed so that its components meet the following performance and safety criteria:

The mechanical design and physical arrangement of the reactor core components,
together with corrective actions of the reactor control, protection, and emergency cooling
systems (when applicable) provide that:

- Fuel damage, that is, breach of fuel rod clad pressure boundary, is not expected
during Condition I and Condition II events. A very small amount of fuel damage
may occur. This is within the capability of the plant cleanup system and is
consistent with the plant design bases.

- The reactor can be brought to a safe state following a Condition III event with only
a small fraction of fuel rods damaged. The fraction of fuel rods damaged must be
limited to meet the dose guidelines of 10 CFR 100 although sufficient fuel damage
might occur to preclude immediate resumption of operation.

- The reactor can be brought to a safe state and the core kept subcritical with
acceptable heat transfer geometry following transients arising from Condition IV
events.

* The fuel assemblies are designed to withstand non-operational loads induced during
shipping, handling, and core loading without exceeding the criteria of
subsection 4.2.1.5.1.

* The fuel assemblies are designed to accept control rod insertions to provide the required

reactivity control for power operations and reactivity shutdown conditions.

" The fuel assemblies have provisions for the insertion of in-core instrumentation.
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The reactor vessel and internals, in conjunction with the fuel assembly structure, directs
reactor coolant through the core. Because of the resulting flow distribution and bypass
flow, the heat transfer performance requirements are met for the modes of operation.

The following subsection provides the fuel system design bases and design limits. It is consistent with the
criteria of the Standard Review Plan, Section 4.2.

Consistent with the growth in technology, Westinghouse modifies fuel system designs. These
modifications utilize NRC approved methods. [A set ef design f .el .rite.a t. be satisfied by .ew.' f.el

designs asi-ssu ed to th e NPRC in B WCAP 1214898 A (Refcr-enee 1)1i* and also presented bel! i
subsection 4.2. 1.. JA set of design fuel criteria to be satisfied by new fuel designs was issued to the
NRC in WCAP-12488-A (Reference 1)JA and also presented below in subsection 4.2.1.

4.2.1 Design Basis

The fuel rod and fuel assembly design bases are established to satisfy the general performance and safety
criteria presented in Section 4.2 of the Standard Review Plan. [The design bases and a..eptan.e limits
uised by Westinghouse are also deseribed in the Westinghouise Fuel Criteria Evaluation Proceess, WCIGAP

121-8 A (Referenee I Wl.

IThe design bases and acceptance limits used by Westinghouse are also described in the
Westinghouse Fuel Criteria Evaluation Process, WCAP-12488-A (Reference 1).JA-

The fuel rods are designed to satisfy the fuel rod design criteria for rod bumup levels up to the design
discharge burnup using the extended bumup design methods described in the Extended Burnup
Evaluation report, WCAP- 10125-P-A (Reference 2).

The AP 1000 fuel rod design considers effects such as fuel density changes, fission gas release, clad creep,
and other physical properties which vary with burnup. The integrity of the fuel rods is provided by
designing to prevent excessive fuel temperatures as discussed in subsection 4.2.1.2.1; excessive internal
rod gas pressures due to fission gas releases as discussed in subsections 4.2.1.3.1 and 4.2.1.3.2; and
excessive cladding stresses, strains, and strain fatigue, as discussed in subsections 4.2.1.1.2 and 4.2.1.1.3.
The fuel rods are designed so that the conservative design bases of the following events envelope the
lifetime operating conditions of the fuel. For each design basis, the performance of the limiting fuel rod,
with appropriate consideration for uncertainties, does not exceed the limits specified by the design basis.
The detailed fuel rod design also establishes such parameters as pellet size and density, clad/pellet
diametral gap, gas plenum size, and helium pre-pressurization level.

Integrity of the fuel assembly structure is provided by setting limits on stresses and deformations due to
various loads and by preventing the assembly structure from interfering with the functioning of other
components. Three types of loads are considered:

" Non-operational loads, such as those due to shipping and handling
* Normal and abnormal loads, which are defined for Conditions I and II
* Abnormal loads, which are defined for Conditions III and IV
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The design bases for the in-core control components are described in subsection 4.2.1.6.

4.2.1.1 Cladding

4.2.1.1.1 Mechanical Properties

The ZIRLOTM cladding material combines neutron economy (low absorption cross-section); high
corrosion resistance to coolant, fuel, and fission products; and high strength and ductility at operating
temperatures. ZIRLOTM is an advanced zirconium based alloy that has the same or similar properties and
advantages as Zircaloy-4 and was developed to support extended fuel burnup. WCAP-12610-P-A
(Reference 5) provides a discussion of chemical and mechanical properties of the ZIRLOTM cladding
material and a comparison to Zircaloy-4.

4.2.1.1.2 Stress-Strain Limits

Clad Stress

[The v•olum"le average effeetive StreSS calculated with the Von Mises equation (considering interferene
due to niferin cylindrical pellet ulad ntact, cyaused by pellet the- al epansita , pellet swelling and
uni fer clad cr-eep, and pr-essur-e differ-ences) is less than the 0.2 percent offset yield str-ess with due
consideration to temper-atuare and ifradiatien effects for Condition 1 and 11 events, AWCAP 12488A
(Refrenee-l-}-3*{The volume average effective stress calculated with the Von Mises equation
(considering interference due to uniform cylindrical pellet-clad contact, caused by pellet thermal
expansion, pellet swelling and uniform clad creep, and pressure differences) is less than the 0.2
percent offset yield stress with due consideration to temperature and irradiation effects for
Condition I and II events, WCAP-12488-A (Reference 1).±-± -While the clad has some capability for
accommodating plastic strain, the yield stress has been accepted as a conservative design limit. The
allowable stress limits due to Condition III and IV loadings, described in subsection 4.2.1.5.3, are also
applied to the fuel rod.

Clad Strain

[The total plastic tensile cretainde to unifofm clad cr~eep, and uftifo~m cylindr~ical fuael pellet
expano associated with fuiel swelling and the~mal expansioni is less than one percent from the

unir;adiated oAndition, WIC A P 1-:21.88 A (Refer.ence 1).]*IThe total plastic tensile creep strain due to

uniform clad creep, and uniform cylindrical fuel pellet expansion associated with fuel swelling and
thermal expansion is less than one percent from the unirradiated condition, WCAP-12488-A
(Reference 1).4-k -The acceptance limit for fuel rod clad strain during Condition II events is that the total
tensile strain due to uniform cylindrical pellet thermal expansion is less than one percent from the pre-
transient value. These limits are consistent with proven practice.

4.2.1.1.3 Fatigue and Vibration
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Fatigue

[The usage fatOr ..u.e to eyle fatigue is less than 1.0, WCAP 12488 A (Reference 1)..*tThe usage
factor due to cycle fatigue is less than 1.0, WCAP-12488-A (Reference 1).JA -That is, for a given strain
range, the number of strain fatigue cycles are less than those required for failure. The fatigue curve is
based on a safety factor of two on the stress amplitude or a safety factor of 20 on the number of cycles,
whichever is more conservative.

4.2.1.5 Fuel Assembly Structural Design

As discussed in subsection 4.2.1, the structural integrity of the fuel assemblies is provided by setting
design limits on stresses and deformations due to various non-operational, operational, and accident loads.
These limits are applied to the design and evaluation of the top and bottom nozzles, guide thimbles, grids,
and thimble joints. [Design h.ages to the f'uel assembly stru..tur.e .. alif for- evaluati. in
WGAP 12188 A (Refer-ence 1).]

.-IDesign changes to the fuel assembly structure qualify for evaluation in WCAP-12488-A
(Reference 1).4

The design bases for evaluating the structural integrity of the fuel assemblies are discussed in subsections
4.2.1.5.1 through 4.2.1.5.3.

4.2.1.6 In-core Control Components

The in-core control components are subdivided into permanent and temporary devices. The permanent
components are the rod cluster control assemblies, gray rod control assemblies, and secondary neutron
source assemblies. The temporary components are the primary neutron source assemblies (which are
normally used only in the initial core), the burnable absorber assemblies, 4nd the thimble plugs. For some
reloads, the use of burnable absorbers may be necessary for power distribution control and/or to achieve
an acceptable moderator temperature coefficient throughout core life (See Subsection 4.3.1.2.2). [Design
changes to the in cor-e control components qualifýy for- evaluation uising the criteria dlefined in
3ACA42 12188 A (Refer-enee l).]*

jDesign changes to the in-core control components qualify for evaluation using the criteria defined
in WCAP-12488-A (Reference 1).JA

Materials are selected for:

* Compatibility in a pressurized water reactor environment
0 Adequate mechanical properties at room and operating temperatures
• Resistance to adverse property changes in a radioactive environment
* Compatibility with interfacing components

Material properties are given in WCAP-9179 (Reference 4).

NRC Staff approval is required prior to implementing a change in this information; see DCD Introduction
Section 3.5.
NRC Staff approval is required prior to implementing a change in this information; see DCD Introduction
Section 3.5.
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The design bases for the in-core control components are given in subsections 4.2.1.6.1 through 4.2.1.6.3.

4.2.3 Design Evaluation

[The fuiel assemblies, fuel rods, and in core eeontrol components are designed to satisfy, the per-formance
and safety cr-iteria of*[The fuel assemblies, fuel rods, and in-core control components are designed
to satisfy the performance and safety criteria ofl± -Section 4.2 of the Standard Review Plan, the
mechanical design bases of subsection 4.2.1 and [the Fuel Criteria Evaluatiln Proceess per WCAP
12488 A (Refer.ene• t)*A the Fuel Criteria Evaluation Process per WCAP-12488-A (Reference 1)1-i,
and other interfacing nuclear and thermal and hydraulic design bases specified in Sections 4.3 and 4.4.

Effects of Conditions II, III, IV or anticipated transients without trip on fuel integrity are presented in
Chapter 15.

The initial step in fuel rod design evaluation for a region of fuel is to determine the limiting rod(s).
Limiting rods are defined as those rods whose predicted performance provides the minimum margin to
each of the design criteria. For a number of design criteria, the limiting rod is the lead burnup rod of a fuel
region. In other instances, it may be the maximum power or the minimum burnup rod. For the most part,
no single rod is limiting with respect to all the design criteria.

After identifying the limiting rod(s), an analysis is performed to consider the effects of rod operating
history, model uncertainties, and dimensional variations. To verify adherence to the design criteria, the
evaluation considers the effects of postulated transient power changes during operation consistent with
Conditions I and II. These transient power increases can affect both rod average and local power levels.
Parameters considered include rod internal pressure, fuel temperature, clad stress, and clad strain. In fuel
rod design analyses, these performance parameters provide the basis for comparison between expected
fuel rod behavior and the corresponding design criteria limits.

Fuel rod and assembly models used for the performance evaluations are documented and maintained

under an appropriate control system. Material properties used in the design evaluations are given in
WCAP- 12610 (Reference 5).

4.2.6 References

[1. Davidson, S. L. (Ed.), "Fuel Criteria Evaluation Process," WCAP 12488 A (Proprietary) and

WCAP 14201 A (Non Proeprieta-y,), October- 1994.]

f 1. Davidson, S. L. (Ed.), "Fuel Criteria Evaluation Process," WCAP-12488-A (Proprietary)
and WCAP-14204-A (Non-Proprietary), October 1994.p

2. Davidson, S. L. (Ed.) et al., "Extended Burnup Evaluation of Westinghouse Fuel," WCAP-10 125-
P-A (Proprietary) and WCAP-10126-NP-A (Non-Proprietary), December 1985.

3. "Operational Experience with Westinghouse Cores," WCAP-8183,ý Revision 23, January 1996.
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APPENDIX 1
DCD TIER 2* MARK-UPS FOR

CHAPTER 4 - SECTION 4.3

(REMOVE BRACKETS, ITALICS, ASTERISKS)

4.3 NUCLEAR DESIGN

4.3.1 Design Basis

This section describes the design bases and functional requirements used in the nuclear design of the fuel
and reactivity control system and relates these design bases to the General Design Criteria (GDC). The
design bases are the fundamental criteria that must be met using approved analytical techniques.
[Enhancements to these techniques may be made proevided that the changes are founded by -NRC
approved methodologies as dis.ussed in]*[Enhancements to these techniques may be made provided
that the changes are founded by NRC approved methodologies as discussed inj- -WCAP-9272-P-A
(Reference 1) and [WCAP 121488 P A (Refer-ene 2)..

and fWCAP-12488-P-A (Reference 2).j-i

The plant conditions for design are divided into four categories:

" Condition I - Normal operation and operational transients
* Condition II - Events of moderate frequency
" Condition III - Infrequent incidents
" Condition IV - Limiting faults

The reactor is designed so that its components meet the following performance and safety criteria:

" In general, Condition I occurrences are accommodated with margin between any plant
parameter and the value of that parameter which would require either automatic or
manual protective action.

* Condition II occurrences are accommodated with, at most, a shutdown of the reactor
with the plant capable of returning to operation after corrective action.

* Fuel damage, that is, breach of fuel rod clad pressure boundary, is not expected during
Condition I and Condition II occurrences. A very small amount of fuel damage may
occur. This is within the capability of the chemical and volume control system (CVS)
and is consistent with the plant design basis.

* Condition III occurrences do not cause more than a small fraction of the fuel elements in
the reactor to be damaged, although sufficient fuel element damage might occur to
preclude immediate resumption of operation.
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The release of radioactive material due to Condition III occurrences is not sufficient to
interrupt or restrict public use of those areas beyond the exclusion area boundary.

A Condition III occurrence does not by itself generate a Condition IV occurrence or
result in a consequential loss of function of the reactor coolant or reactor containment
barriers.

Condition IV faults do not cause a release of radioactive material that results in
exceeding the limits of 10 CFR 100. Condition IV occurrences are faults that are not
expected to occur but are defined as limiting faults which are included in the design.

The core design power distribution limits related to fuel integrity are met for Condition I occurrences
through conservative design and are maintained by the action of the control system.

The requirements for Condition II occurrences are met by providing an adequate protection system which
monitors reactor parameters.

The control and protection systems are described in Chapter 7.

The consequences of Condition II, III, and IV occurrences are described in Chapter 15.

4.3.1.1 Fuel Burnup

4.3.1.1.1 Basis

A limitation on initial installed excess reactivity or average discharge bumup is not required other than as
is quantified in terms of other design bases, such as overall negative power reactivity feedback discussed
below. [The NRC has approved, in WCAP 12488 P A (Refer-ene 2), maximum Atel red average buu p

of 60,000 MMWDA4TU. Extended bumuip to 62,000 N4ADA4TU has been established in Refer-enee 6 !.]1.
fThe NRC has approved, in WCAP-12488-P-A (Reference 2), maximum fuel rod average burnup of
60,000 MWD/MTU. Extended burnup to 62,000 MWD/MTU has been established in Reference
61.J-i

4.3.5 References

1. Bordelon, F. M, et al., "Westinghouse Reload Safety Evaluation Methodology," WCAP-9272-P-A
(Proprietary) and WCAP-9273-NP-A (Nonproprietary), July 1985.

42. Davidson, S. L. (Ed.), "Fuel Criteria Evaluation Process," WCAP-12488-P-A (Proprietary)
and WCAP-14204-A - (Nonproprietary), October 1994.jý

[2. Davidson, S. L. (Ed.), "Fuel Criteria Evaluation Precess," AIGAP 12488 P A (Pr-epr-ietary) and
3ACAP 11201 A Rlonpropr-ietary), October- 1994.]~

NRC Staff approval is required prior to implementing a change in this information; see DCD Introduction
Section 3.5.
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NRC Staff approval is required prior to implementing a change in this information; see DCD Introduction
Section 3.5.
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Table 4.3-1 (Sheet 1 of 3)

IREACTOR CORE DESCRIPTION
(FIRST CYCLE)IA

Active core

E qu ivalent diam eter (in .) .............................................................................................................................. 119 .7

Active fuel height first core (in.), cold .......................................................... 168

H eight-to-diam eter ratio ................................................................................................................................. 1.4 0

Total cross section area (ft) ....... 7....................................... 78.14

H90/U molecular ratio, cell, cold ................... .............................. .......................... 2.40

Reflector thickness and composition

Top - water plus steel (in.) ................... .... .. ..................................... ~10

B ottom - w ater plu s steel (in .) ........................................................................................................................ - 10

S ide - w ater p lu s steel (in .) ............................................................................................................................ - 15

Fuel assemblies

N u m b er ...................................................................................................................................... 15 7

R o d array ................................................................................................................................................... 17 x 17

Rods per assembly ................. .. ............................................... 264

R o d p itch (in .) .............................................................................................................................................. 0 .4 9 6

Overall transverse dimensions (in.) ....................... ............... ................... 8.426 x 8.426

F uel w eight, as U O (Ib) ........................................................................................................................... 2 11,588

Zircaloy clad weight (lb) ......................................................................... 43.105

Number of grids per assembly

Top and bottom - (Ni-Cr-Fe Alloy 718) .................................................................................................... 2(a)

Interm ediate ................................................................................................................................ 8 Z IR L O TM

Intermediate flow mixing (IFM) ................................................................................................. 4 ZIRLOTM

Number of guide thimbles per assembly ..................................................................................................... 24

Composition of guide thimbles ............................................................ I ZIRLOTM

Diameter of guide thimbles, upper part (in.) .............................................................................. 0.442 ID x 0.482 OD

Diameter of guide thimbles, lower part (in.) ....................................................... 0.397 ID x0.482OJD

Diameter of instrument guide thimbles (in.) ............................................................................. 0.442 ID x 0.482 OD

Note:
(a) The top grid will be fabricated of nickel-chromium-iron Alloy 718
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Table 4.3-1 (Sheet 2 of 3)

JREACTOR CORE DESCRIPTION
(FIRST CYCLE)*

Fuel rods

Number ............... .... .... .... I .............. .............. ........... ..... 41,448

Outside diameter (in.) ............................ .. ..................................... 0.374

D iam eter g ap (in .) ...................................................................................................................................... 0 .0 0 6 5

C lad th ickn ess (in .) ..................................................................................................................................... 0 .022 5

C lad m aterial .................................................................... ............................................. Z IR L O Tm

Fuel pellets

M aterial ............................................................... ....................................................... U O sin tered

Density (% of theoretical) (nominal) .............................................................................................................. 95.5

Fuel enrichments (weight %)

R e g io n I .......................................................................................................................... 2 .3 5

R e g io n 2 ................................................................................. ............................................................... 3 .4 0

R e g io n 3 .................................................................................................................................................. 4 .4 5

Diameter (in.) ................... .. ............................................... 0.3225

L en gth (in .) ......................................................................................................... . . ............... 0 .3 87

Mass of UO2 per ft of fuel rod (lb/ft) ................................................................................... 0.366

Rod Cluster Control Assemblies

N eu tron ab sorb er ................................................................................................................................... A g-In -C d

D iam eter (in .) ........................................................... ............................................ ..... ......... 0 .34 1

Density (lb/in. 3) .................. Ag-In-Cd 0.367

Cladding material .................................. ............................................. Type 304, cold-worked SS

Clad thickness (in.) ................................................................................... 0.0185

N um ber of clusters, full-length ................................................................................................ 53

N um ber of absorber rods per cluster ................................................................................................................. 24

Gray Rod Cluster Assemblies

Neutron absorber ............ ............................. Ag-In-Cd/304SS

D iam eter (in .) ............................. ..................................................................... 0.11 60

Density (lb/in.3) ................................. ...... ........................................ Ag-In-Cd 0.367 / 304SS 0.285

Cladding material ....................................................................................................... Type 304, cold-worked SS

C lad th ickn ess (in .) ................................................... .......................................................... 0 .0 185

N um ber of clusters, fu ll-length ......................................................................................................................... 16

Number of absorber rods per cluster .................... .................................. 112 Ag-In-Cd / 12 304SS
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Table 4.3-2 (Sheet 1 of 2)

INUCLEAR DESIGN PARAMETERS
(FIRST CYCLE)[±

Core average linear power, including densification effects (kW/ft) ................................................................ 72

Total heat flux hot channel factor. Fn .................................................. 2.60

N uclear enthalpy rise hot channel factor, F NH .. .......................................... ........................................... 1.65

Reactivity coefficients (a) Design Limits Best Estimate

Doppler-only power coefficients (see Figure 115.0.4-1) (pcm/% power)O')

U pper curve .................................................. ..................................... -19.4 to -12.6 ............... -13.3 to -8.7

L ow er curve ........................... ..................................... . 10.2 to -6.7 ................. -11.3 to -8.4

Doppler temperature coefficient (pcm/OF)b) ............................................... -3.5 to -1.0 ..................... -2.1 to -1.3

Moderator temperature coefficient (pcrn/OF)(b) ............................................ 0 to -40 ............................... 0 to -35

Boron coefficient (pcm/ppm)(b) .................................- 13.5 to -5.0 ................. -10.5 to -6.9

Rodded moderator density (pcm /g/cm 3)(b) .......... .................................... < 0.47x 10. ..................... < 0.45x 105

D elayed neutron fraction and lifetim e, / eff ................................................................................... 0.0075(0.0044)(c)

Prom pt N eutron Lifetim e, i s ........................ ...................................................... 19.8

Control rods

R od requirem ents ......................................................................................................................... See Table 4 .3-3
M axim um eiected rod w orth See.5..................................................................................... SeeCha ter 15

Bank worth HZP no overlap (pcm)(b) BOL, Xe Free EOL, Eq. Xe

M A B ank ..................................... ... ................................. 299 ............................................. 205

M B Bank ................................................. 131 ............................................. 198

M C Bank .............. . ... ..... .............................. 204 .................... 270

M D Bank .............. ..... ....... ............................. 309 .................... 198

MI Bank ................ ............................... 858 ......................... ..... 632
M2 Bank ............................ 933....... ............ 1405

A O Bank ................................................... 2027 .................. 1571
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Table 4.3-2 (Sheet 2 of 2)

INUCLEAR DESIGN PARAMETERS
(FIRST CYCLEDt•

Typical Hot Channel Factors F N H .. . . . . . . . . . . . . . ................................ .. ... .. . ... .. .. .. .. . BOL ....................... EOL

U nrodded ........................ ............. .......... .......... ...................................... 1.40 ........... 1.33

M A b an k ........................................................................................................................ 1.4 6 ......................... 1.3 8

MA + MB banks ... ................. ......................... ..... 1.49 ......................... 1.42

M A + M B + M C banks ................................................................................................. 1.50 ......................... 1.3 1

MA+ MB + MC + MD banks ............................... ....... 1.50 ................ 1.37

M A + M B + M C + M D + M l banks ............................................................................. 1.52 ......................... 1.45

AO bank ............................................................. 1.60 ........... 1.52

Boron concentrations (ppm)

Zero power, keff = 0.99, cold(d) RCCAs out ................................................. 1574

Zero power. = 0.99, hot(e) RCCAs out ...... ..... ........ ... ....... 1502

D esign basis refueling boron concentration .................................................................................................. 2700

Zero power. k• < 0.95, cold(d) RCCAs in .............. ................................. 1179

Zero pow er, kL f = 1.00, hot(') R C C A s out ..................................................................................................... 1382

Full power, no xenon, k~f = 1.0, hot RCCAs out ............................................................ ..... 1184

Full power, equilibrium xenon, k = 1.0, hot RCCAs out ........................................ 827

Reduction with fuel burnup

First cycle (ppm/(GWD/MTU))(0  .................................... See Figure 4.3-3

Reload cycle (pprn/(G W D /M TU )) ................................................................................................. -40

Notes:
(a) Uncertainties are given in subsection 4.3.3.3.
(b) I pcm = 10-5 Ag where Ag is calculated form two statepoint values of Lf/ by In (k2
(c) Bounding lower value used for safety analysis.
(d) Cold means 68°F, 1 atm.
(e) Hot means 557°F, 2250 psia.
(f) I GWD = 1000 MWD. During the first cycle, a large complement of burnable absorbers is present which

significantly reduce the boron depletion rate compared to reload cycles.
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Table 4.3-3

[REACTIVITY REQUIREMENTS FOR ROD CLUSTER CONTROL ASSEMBLIES]*

EOL
Reactivity Effects BOL EOL Representative

(Percent) (First Cycle) (First Cycle) (Equilibrium Cycle)

1. Control requiremrents

Total power defect (%Ap)(a) 1.89 2.54 3.02

Redistribution (adverse xenon only) (%Ap) 0.27 0.40 0.32

Rod insertion allowance (%Ap) 2.00 2.00 2.(10

2. Total control (%Ap) 4.16 4.94 5.34

3. Estimated RCCA worth (69 rods)

a. All full-length assemblies inserted (%Ap) 12.69 10.89 10.64

b. All assemblies but one (highest worth) 10.49 9.27 9.35
inserted (%Ap)

4. Estimated RCCA credit with 7 percent 9.76 8.62 8,70
adjustment to accommodate uncertainties, itemn
3b minus 7 percent (%Ap)

5. Shutdown margin available, item 4 5.60 3.68 3.36
minus item 2 (%Ap)(b)

Notes:
(a) Includes void effects
(b) The design basis minimum shutdown is 1.60 percent
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