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In support of Combined License application pre-application activities, Westinghouse is submitting
AP1000 Standard Combined License Technical Report Number 80. The primary purpose of Technical
Report 80 is to describe changes to the AP1000 Instrumentation & Control systems and the AP1000
Design Control Document (DCD). This report contains both changes incorporated in Revision 16 and
changes to Revision 16 of the DCD. 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 AP1000 Design Certification.

The purpose for submittal of this report was explained in a March 8, 2006 letter from NuStart to the NRC.

Pursuant to 10 CFR 50.30(b), APP-GW-GLR-080, Revision 0, "Mark-up of AP 1000 Design Control
Document Chapter 7," Technical Report Number 80, is submitted as Enclosure I under the attached Oath
of Affirmation.

It is expected that when the NRC review of Technical Report Number 80 is complete, Technical Report
80 will be considered approved generically for all COL applicants referencing the AP1000 Design
Certification.

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

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

A. Sterdis, Manager
Licensing and Customer Interface
Regulatory Affairs and Standardization
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I. APP-GW-GLR-080, Revision 0, "Mark-up of AP 1000 Design Control Document Chapter 7,"
Technical Report Number 80
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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 sworn to
before me this I0& day
of October 2007.

COMMONWEALTH OF PENNSYLVANIA
Notarial Seal

Patrida S. Aston, Notary Public
Mu'rvUe Boro. Westnoreland County
MY Commission Epires July 11, 2011

Member, Pennsylvanie AssOciation of Notaries
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APP-GW-GLR-080, Revision 0

"Mark-up ofAP1000 Design Control Document Chapter 7"

Technical Report 80

00265psa.doc



AP1000 DOCUMENT COVER SHEET
TDC:

RFS#:

Permanent File: APY:

RFS ITEM #:

AP1000 DOCUMENT NO. IREVISION NO. I /03#5 IGNEDTO

APP-GW-GLR-080 1 0 Page 1 of .-Ve6w 1W - McGinnis

ALTERNATE DOCUMENT NUMBER: TR 80 WORK BREAKDOWN #:

ORIGINATING ORGANIZATION: Westinghouse

TITLE: Mark-up of AP1000 Design Control Document Chapter 7

ATTACHMENTS: DCP #/REV. INCORPORATED IN THIS

N/A DOCUMENT REVISION:

APP-GW-GEE-163,-067,-184,-229,-088,-
CALCULATION/ANALYSIS REFERENCE: 156,-080,-054.

N/A

ELECTRONIC FILENAME ELECTRONIC FILE FORMAT ELECTRONIC FILE DESCRIPTION

APP-GW-GLR-080 rO.doc Word

(C) WESTINGHOUSE ELECTRIC COMPANY LLC - 2007

WESTINGHOUSE CLASS 3 (NON PROPRIETARY)
Class 3 Documents being transmitted to the NRC require the following two review signatures In lieu of a Form 36.

LEGAL REVI SIGNATURE/DATE

a"7-c I -eý_-'/ '7
PATENT REVIEW•~ ISIGNATAT7

jj WESTINGHOUSE PROPRIETARY CLASS 2 ' -(
This document Is the property of and contains Proprietary Information owned by Westinghouse Electric Company LLC and/or Its
subcontractors and suppliers. It is transmitted to you In confidence and trust, and you agree to treat this document In strict
accordance with the terms and conditions of the agreement under which It was provided to you.

ORIGINATOR SIGNJA DATE 0

J.1.. Ewald (zc4 L .- A - ,o.S' /1 ¼ 0j
REVIEWERS SlIGIP(TURE/DATE
NIA

VERIFIER IG VERIFICATION METHOD
M. A. Gasperovic Pageby ageReview
AP1000 RESPONSIBLE MANAGER T APPROVAL DATE
C.A. McGinnis

Approval of the responsible manager signifies that T ent is complete, all required reviews are complete. efectronlc file Is attached
and document is released for use.



WESTINGHOUSE NON-PROPRIETARY CLASS 3

APP-GW-GLR-080
Revision 0

October 2007

AP1000 Standard Combined License Technical Report

Title: Mark-up of AP1000 Design Control Document Chapter 7

Westinghouse Electric Company LLC
P.O. Box 355

Pittsburgh, PA 15230-0355
© 2007 Westinghouse Electric Company LLC

All Rights Reserved



WESTINGHOUSE ELECTRIC COMPANY LLC
AP1000 Licensing Design Change Document Page 3 of 183

Document Number: APP-GW-GLR-080 Revision Number: 0
Title: Mark-up of AP1000 Design Control Document Chapter 7

TABLE OF CONTENTS

SUMMARY

I. APPLICABILITY DETERMINATION

PART A - CHANGES INCORPORATED IN REV 16 OF THE DCD

H. TECHNICAL DESCRIPTIONS AND JUSTIFICATIONS

1.1 DESIGN COMPLETION

11.2 REMOVAL OF NON-SAFETY PERMISSIVE P-17 FROM THE PROTECTION

SYSTEM

11.3 ELIMINATION OF CONTROL ROOM MULTIPLEXER

11.4 CYBER-SECURITY

1.5 REVISION TO TABLES 7.5-1, 7.5-5, 7.5-6, 7.5-7, AND 7.5-9 FOR CONSISTENT
NAMING OF RCS WIDE RANGE PRESSURE

11.6 MANUAL PASSSIVE CONTAINMENT COOLING DIVISION ASSIGNMENT

MODIFICATIONS

11.7 LOW REACTOR COOLANT FLOW REACTOR TRIP LOGIC MODIFICATIONS

11.8 OVERTEMPERATURE/OVERPOWER AT REACTOR TRIP MODIFICATIONS

11.9 FLUX DOUBLING/BORON DILUTION MODIFICATIONS

11.10 MANUAL ISOLATION OF INDIVIDUAL STEAMLINES

11.11 AUXILIARY SPRAY ISOLATION FUNCTION

11.12 REMOVAL OF LOW-2 RCS HOT LEG SIGNAL FROM IRWST INJECTION LOGIC

11.13 CREATION OF NEW PERMISSIVE P-3 FOR SAFEGUARDS ACTUATION BLOCK

APP-GW-GLR-080 rO.doc



WESTINGHOUSE ELECTRIC COMPANY LLC
AP1000 Licensing Design Change Document Page 4 of 183

Document Number: APP-GW-GLR-080 Revision Number: 0
Title: Mark-up of APl000 Design Control Document Chapter 7

H.14 ADDITION OF DELAY TIMERS FOR ENABLING THE SOURCE RANGE

REACTOR TRIP AND FLUX DOUBLING SIGNAL

11.15 RT/ESF ACCURACIES AND RESPONSE TIMES CORRECTIONS

11.16 CORRECT CHAPTER 7 TECHNICAL SPECIFICATION REFERENCE

H.17 CORRECT CORE MAKEUP TANK ACTUATION SIGNALS

11.18 TRIPPING OF PRESSURIZER HEATERS

1.19 CORRECT DESCRIPTION FOR PERMISSIVE P-19

11.20 MINOR TECHNICAL CHANGES TO TABLE 7.3-1

H.21 CVS LETDOWN ISOLATION LOGIC MODIFICATIONS

1.22 REACTOR TRIP BREAKER STATUS INPUTS TO P-3 AND P-4 LOGIC

11.23 DELETION OF DIVISION TRIP STATUS BETWEEN DIVISIONS

H.24 LOW TCOLD AND HIGH STEAM PRESSURE NEGATIVE RATE ESF ACTUATION

LOGIC MODIFICATIONS

H.25 DELETION OF REDUNDANT AUTOMATIC SAFEGUARDS REACTOR TRIP

H.26 CORE MAKEUP TANK LEVEL INPUT TO ADS LOGIC MODIFICATIONS

11.27 CMT AND PRHR ISOLATION VALVE LOGIC CHANGES

H.28 EDITORIAL CHANGES AND CLARIFICATIONS

H.29 CLARIFICATION OF REMOTE SHUTDOWN WORKSTATION REDUNDANCY

11.30 CONTROL SYSTEM FUNCTIONAL MODIFICATIONS

11.33 POST-ACCIDENT MONITORING SYSTEM TABLE CHANGES

11.34 DAS PLATFORM TECHNOLOGY AND REMOTE INDICATION CHANGES

APP-GW-GLR-080 rO.doc



WESTINGHOUSE ELECTRIC COMPANY LLC
AP1000 Licensing Design Change Document Page 5 of 183

Document Number: APP-GW-GLR-080 Revision Number: 0
Title: Mark-up of AP1000 Design Control Document Chapter 7

PART B - CHANGES TO BE INCORPORATED IN NEXT DCD REVISION

II. TECHNICAL DESCRIPTIONS AND JUSTIFICATIONS

11.1 DESIGN COMPLETION

11.2 ELIMINATION OF CONTROL ROOM MULTIPLEXER

11.7 LOW REACTOR COOLANT FLOW REACTOR TRIP LOGIC MODIFICATIONS

11.8 OVERTEMPERATURE/OVERPOWER AT REACTOR TRIP MODIFICATIONS

11.9 FLUX DOUBLING/BORON DILUTION MODIFICATIONS

11.12 REMOVAL OF LOW-2 RCS HOT LEG SIGNAL FROM IRWST INJECTION LOGIC

11.13 CREATION OF NEW PERMISSIVE P-3 FOR SAFEGUARDS ACTUATION BLOCK

11.14 ADDITION OF DELAY TIMERS FOR ENABLING THE SOURCE RANGE

REACTOR TRIP AND FLUX DOUBLING SIGNAL

11.15 RT/ESF ACCURACIES AND RESPONSE TIMES CORRECTIONS

11.28 EDITORIAL CHANGES AND CLARIFICATIONS

11.31 CORRECTION TO CMT LEVEL INSTRUMENT RANGE

11.32 INSTRUMENTATION AND CONTROL DESIGN CHANGE

11.33 POST-ACCIDENT MONITORING SYSTEM TABLE CHANGES

APP-GW-GLR-080 rO.doc



WESTINGHOUSE ELECTRIC COMPANY LLC
AP1000 Licensing Design Change Document Page 6 of 183

Document Number: APP-GW-GLR-080 Revision Number: 0
Title: Mark-up of APl000 Design Control Document Chapter 7

III. REGULATORY IMPACT

A. FSER IMPACT
B. SCREENING QUESTIONS
C. EVALUATION OF DEPARTURE FROM TIER 2 INFORMATION
D. IMPACT ON RESOLUTION OF A SEVERE ACCIDENT ISSUE
E. SECURITY ASSESSMENT
F. REFERENCES

Appendix A - AP1000 DCD Revision 16 Section 7.1
Appendix B - AP1000 DCD Revision 16 Section 7.2
Appendix C - AP1000 DCD Revision 16 Section 7.3
Appendix D - AP1000 DCD Revision 16 Section 7.4
Appendix E - AP1090 DCD Revision 16 Section 7.5
Appendix F - AP1000 DCD Revision 16 Section 7.6
Appendix G - AP1000 DCD Revision 16 Section 7.7

APP-GW-GLR-080 rO.doc



WESTINGHOUSE ELECTRIC COMPANY LLC
AP1000 Licensing Design Change Document Page 7 of 183

Document Number: APP-GW-GLR-080 Revision Number: 0
Title: Mark-up ofAPl000 Design Control Document Chapter 7

SUMMARY

Brief Description of the change (what is being changed and why):

This technical report describes changes to the AP 1000 I&C systems and the AP 1000 Design Control
Document.

Changes and clarifications to the discussion and representation of the Protection and Safety Monitoring
System in the AP 1000 Design Control Document are identified. Modifications have been made to Tier 1
Sections 2.5.1 and 2.5.2 and Tier 2 Table 1-1, Chapter 3, Chapter 4, Chapter 7, Chapter 9, Chapter 14,
Chapter 15, Chapter 16 (Technical Specifications and Bases) and Chapter 19 in order to refine and better
illustrate the approach taken in the AP 1000 design.

Common Q has been identified as the protection system platform and reflects the current state of design
completion.

Modifications have been made to correct the logic and text found in Chapter 7 of the DCD and the revised
Figure 7.2-1 diagrams, the Digital Enhancement of Overtemperature and Overpower AT Reactor Trips and
the Flux Doubling/Boron Dilution Protection function and various corrections and additions resulting from
ongoing functional and hardware design activities.

Part A provides the additions and changes that are included in AP 1000 DCD Revision 16. For those
additions and changes that are addressed in other AP1000 Technical Reports, a cross-reference to the
appropriate report is provided. Part A is structured such that each impacted section includes a description,
technical justification, regulatory basis and DCD markup. The DCD markups provided in Part A are
markups of the DCD Revision 15 section.

Part B provides the additions and changes that will be included in a future AP 1000 DCD Revision. For
those additions and changes that are addressed in other AP 1000 Technical Reports, a cross-reference to the
appropriate report is provided. Part B is structured such that each impacted section includes a description,
technical justification, regulatory basis and DCD markup. The DCD markups provided in Part B are
markups of the DCD Revision 16 section.

Section III provides the formal documentation of the regulatory assessment
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I. APPLICABILITY DETERMINATION

This evaluation is prepared to document if the changes described above are a departure from Tier 2
information of the AP1000 Design Control Document (DCD) that may be included in plant specific
FSARs without prior NRC approval.

A. Does the proposed change include a change to:
1. Tier 1 of the AP 1000 Design Control OI NO [ YES (If YES prepare a report for NRC

Document APP-GW-GL-700 review of the changes)
2. Tier 2* of the AP 1000 Design Control El NO 0 YES (If YES prepare a report for NRC

Document, APP-GW-GL-700 review of the changes)
3. Technical Specification in Chapter 16 of the El NO 0 YES (If YES prepare a report for NRC

AP 1000 Design Control Document, APP-GW- review of the changes)
GL-700

B. Does the proposed change involve:
1. Closure of a Combined License Information O NO EL YES (If YES prepare a COL item

Item identified in the AP 1000 Design Control closure report for NRC review.)
Document, APP-GW-GL-700

2. Completion of an ITAAC item identified in L] NO [ YES (If YES prepare an ITAAC
Tier I of the AP1000 Design Control completion report for NRC
Document, APP-GW-GL-700 review.)

APP-GW-GLR-080 rO.doc
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PART A - CHANGES INCORPORATED IN REVISION 16 OF THE DCD
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II. TECHNICAL DESCRIPTIONS AND JUSTIFICATIONS

11.1 DESIGN COMPLETION

The design of the AP1000 instrumentation and control systems have progressed and additional details

can be added to the DCD to describe these systems. The changes listed below identify Common Q as

the platform to be used for the Protection and Safety Monitoring System, describe the Common Q

implementation, and identify the latest design process documents that are being used for this design.

Revisions to both Tier I and Tier 2 are proposed to describe the design and reflect the current status

of the design process.

The Tier 1 changes propose deleting item 1 la in section 2.5.2 Design Description and item I la in

Table 2.5.2-8 because this item has been completed and audited by the NRC in October 2006.

The Tier 2 changes upgrade the references to the current design practices and reference WCAP-16675

(TR-89) for design description rather than duplicating this material in the DCD.

Tier I Changes

Section 2.5.2 is revised as shown to eliminate the "Design requirements phase" because this item has

been completed and audited by the NRC in October. This change does not affect conformance to

regulatory requirements and guidance.

2.5.2 Protection and Safety Monitoring System

Design Description

11. The PMS hardware and software is developed using a planned design process which provides for
specific design documentation and reviews during the following life cycle stages:

a- -- ystem definition phase 200o6. ................ .. ...........

b_)_Hardware and software development phase, consisting of hardware and software design and
implementation

c)_System integration and test phase

d_)Installation phase

Deleted: <#>Design requirements
phase, may be referred to as conceptual
or project definition phase¶
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Table 2.5.2-8 is revised as shown to eliminate the "Design requirements phase" because this item has

been completed and audited by the NRC in October 2006. This change does not affect conformance

to regulatory requirements and guidance.

Table 2.5.2-8 (cont.)
Inspections, Tests, Analyses, and Acceptance Criteria

Design Commitment Inspections, Tests, Analyses Acceptance Criteria

11. The PMS hardware and Inspection will be performed of the A report exists and concludes that
software is developed using a process used to design the hardware the process defines the
planned design process which and software. organizational responsibilities,
provides for specific design activities, and configuration
documentation and reviews during management controls for the
the following life cycle stages: following:

4) System definition phase 4) Specification of functional

Hardware and software requirements.

development phase, consisting of • Documentation and review of
hardware and software design and hardware and software.
implementation 0_ Performance of system tests and

Q System integration and test the documentation of system test
phase results.

•IJ Installation phase .. Performance of installation tests
and inspections.

* Deleted: a) Design requirements
phase. may be referred to as conceptual
or project definition phase¶

( Deleted:b

Deleted: a) Establishment of plans and
methodologies.¶

Deleted: b

(Deleted: c

(Deleted: c

Deleted: d

(Deleted: d

(Deleted: e

( Deleted: e
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Tier 2 Changes

DCD Table I-I is revised as shown. The changes are as follows:

1. Remove the reference to WCAP-13383 which is AP600 specific.

2. Change the reference for the Common Qualified Platform Topical Report from CENPD-396-

P, Rev. 01 to WCAP-16097-P-A, Rev. 0. The new reference is the latest Nuclear Regulatory

Commission accepted version. The Common Q Platform was accepted by the Nuclear
Regulatory Commission in ML003740165 (Reference 6), MLO 11690170 (Reference 7), and

ML0305507760 (Reference 8).

3. Change the reference for the Software Program Manual from CE-CES-l195 Rev. 01 to

WCAP-16096-NP-A OIA. The new reference is the latest Nuclear Regulatory Commission

accepted version. The Software Program Manual was accepted by the Nuclear Regulatory

Conmmission in ML003740165 (Reference 6), ML0305507760 (Reference 8), and

ML042730580 (Reference 9).

4. Remove the reference to WCAP-15927 which is a lower-level process document. All
commitments to regulatory requirements and guidance are made in WCAP-1 6096-NP-A,

Rev. 0. The lower-level process is now available in NABU-DP-00014-GEN (Reference 20 in

this section of the DCD).

APP-GW-GLR-080 rO.doc
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These changes do not affect conformance to regulatory requirements and guidance.

Table 1-1 (Cont.)
Index of AP 1000 Tier 2 Information Requiring NRC Approval for Change

Expiration at Tier 2

Item First Full Power Reference

WCAP-14605, "Westinghouse Setpoint Methodology for Protection Yes Chapter 7
Systems, AP600," Rev 0 Table 1.6-1

.WCAP- I_6097-P-A "Common Qualified Platform",_Rev 0 Yes --------- Chapter 7 .
Table 1.6-1

,WCAP-16096-NP-A, "Software Program Manual for Common Q Yes Chapter 7.

Systems," Rev 01A Table 1.6-I

•.. ................................................................. ................ ... .............. ... ... ... ... ... .. .... ... ....

Verification and Validation Yes 7.1.2.14

Hard-wired DAS manual actuation No 7.7.1.11

• Deleted: WCAP-13383,"AP600
Instrumentation and Control Hardware &
Software Design, Verification &
Validation Process Report," Rev 1.

* Deleted: Yes J
Deleted: Chapter 7
Table 1.6-1

j Deleted: CENPD-396-P, Rev. 01

..Deleted: CE-CES-195

-- Deleted: WCAP-15927, "Design
Process for API000 Common Q Safety
Systems," Rev 0

(Deleted: Yes

T Deleted: Chapter 7
Table 1.6-1

APP-GW-GLR-080 rO.doc
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The List of Figures in DCD Chapter 7 is revised as shown to delete figures that are no longer

referenced from the text. The associated text changes are described elsewhere in this document.

LIST OF FIGURES

Figure No. Title Page

7.1-1
7.1-2
7.1-3A
7.1-3B
7.1-4
7.1-5
7.1-6
7.1-7
7.1-8A
7.1-8B
7.1-9A
7.1-9B
7.1-10
7.1-11

Instrum entation and Control Architecture .................................................................... 7.1-25
. .ele te d . ..- -. . . . . . . . . . . . . . . . . . . .

Deleted

,Deleted
,Deleted
`Deleted
Deleted
,Deleted

D.eleted... .........
Decleted

D ~e le te d .. . . . . . . . . . . . . . . . . . . . . . . . . .
D~eleted

Deleted: Protection and Safety
Monitoring System 7.1-27

Deleted: Plant Protection Subsystem
(Eagle Platform) 7.1-28

'. Deleted: Plant Protection Subsystem
and Engineered Safety Features
Coincidence
Logic (Common Q Platform) 7.1-29

Deleted: Reactor Trip Switchgear and
Manual Trip Interface 7.1-30

Deleted: Engineered Safety Features
Coincidence Logic (Eagle
Platform) 7.1-31

f Deleted: Protection Logic
Communication Diagram (Eagle
Platform) 7.1-32

Deleted: Reactor Trip Switcbgear
Configuration 7.1-33

Deleted: Qualified Data Processing
Subsystem (Eagle Platform - Channels
B&C Only) 7.1-34

Deleted: Qualified Data Processing
Subsystem (Common Q Platform -
Channels B&C Only) 7.1-35

Deleted: Engineered Safety Features
Actuation Subsystem (Eagle

* Platform) 7.1-36

Deleted: Engineered Safety Features
Actuation Subsystem (Common Q

'j Platform). 7.1-37

[ Deleted: Plant Control System. 7.1-38

Deleted: Maintenance and Test
Subsystem (Common Q Platform) 7.1-
39
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The third paragraph of section 7.1 is revised as shown to remove the option to implement the
protection and safety monitoring system using the Westinghouse Eagle product line.

This change does not affect conformance to regulatory requirements and guidance.

DCD Chapter 7 for the AP 1000 has been written to descibe. the protection system hardware
.tt~izn~the Common Qualified Platform (Common Q) described in References 8 and 13

(which include the NRC SER_ The I&C functional requirements of the AP600, which-has
received Design Certification, have been retained to the maximum extent compatible with the
Common Q hardware and software,

Deleted: permit

{ Deleted: use of either the Eagle

Deleted: described in the AP600 DCD
orJ
Deleted: and accepted in References

11, 14, andl16

Deleted: and the Eagle hardware and
software
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Section 7.1.2 and its subsections are revised as shown.

The content of several subsections is deleted and replaced with a reference to WCAP-16675 (TR-89)

(Reference 10) which provides a more detailed description of the current Common Q protection

system design. The most significant changes in the system include:

1) Replace the bi-directional gateway between the protection and safety monitoring system
(PMS) and the data display and processing system (DDS) with a uni-directional gateway.

2) Eliminate manual system level safety functions [engineered safety features (ESF) system

level actuations, blocks and resets, and reactor trip] from the plant control system (PLS).

3) Use "discrete" signals via the remote I/O bus and the component interface module (CIM) for

non-safety control of safety components from the PLS, in place of the bi-directional gateway.

4) Eliminate component level control of safety components with "onerous" consequences from

the PLS.

5) Eliminate the PMS control room multiplexers. (See the discussion in section II.C.)

Changes one through four are made to more easily demonstrate compliance with IEEE-603 and IEEE

7-4.3.2. Change five is made to reduce heat and noise in the main control room since the multiplexers

are not required for the Common Q implementation. These changes do not adversely affect

conformance to regulatory requirements and guidance.

Subsection 7.1.2 is revised to remove references related to the Westinghouse Eagle product line, to

update the Common Q references to the latest version accepted by the Nuclear Regulatory

Commission, to map the development phase names used in various documents, and to document that

the conceptual phase is complete. This change does not affect conformance to regulatory

requirements and guidance.
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7.1.2 Protection and Safety Monitoring System

Reference 19, Section 2.1 provides an overview description of the protection and safety
monitoring system.,

Deleted: The protection and safety
monitoring system is illustrated in Figure
7.1-2. The functions of the protection and
safety monitoring system are
implemented in separate processor-based
subsystems. Each subsystem is located on
an independent computer bus to prevent
propagation of failures and to enhance
availability. In most cases, each
subsystem is implemented in a separate
card chassis. Subsystem independence is
maintained through the use of the
following:1 i ... rii

7.1.2.1 Plant Protection Subsystems

Reference 19, Section 2.2 describes the plant protection subsystems.

7.1.2.1.1 Reactor Trip Functions

Reference 19, Section 1.1 describes the reactor trip finctions.

7.1.2.1.2 Reactor Trip Switchgear Interface

Reference 19, Section 2.2.3.1.1 describes the reactor trip switchgear interface,

7.1.2.1.3 Manual Reactor Trip

Reference 19, Section 2.2.3.1.3 describes the manual reactor trip.,

7.1.2.2 Engineered Safety Features Coincidence Logic

Reference 19, Section 2.2.3.2.1 describes the Engineered Safety Features Coincidence Logic

7.1.2.3 Engineered Safety Features Actuation Subsystems

Reference 19, Section 2.2.3.2.2 describes the Engineered Safety Features Actuation
Subsystems..

7.1.2.4 Reactor Trip Switchgear

Reference 19. Section 2.2.3.1.1 describes the reactor trip switchgear..

7.1.2.5 Qualified Data Processing Subsystems

Reference 19, Section 4.2 describes the Qualified Data Processing Subsystem (QDPS).

Deleted: The plant protection

subsystems contain the necessary
equipment to perform the following
functions:¶
<#>Permit acquisition and analysiF

Deleted: The reactor trip functions are

performed in two subsystems per division
for accident protection. The primary
function of the reactor trip subsystems is
to process input data and provide ..[

Deleted: The final stage ofthe reactor

trip coincidence logic provides the signal
to energize the undervoltage trip
attachment on each of the two division
reactor trip switchgear breakers. q .. r•-

Deleted: A manual reactor trip can be
accomplished from the main control room
by redundant momentary switches. The
switches directly interrupt the power from
the voting logic, actuating the [ ... r5l

Deleted: The ESF logic functions are
also performed in two subsystems per
division for more reliable accident
mitigation. The primary functions of the
ESF coincidence logic are to proem ... [61

Deleted: The ESF actuation subsystems
provide a distributed interface between
the plant operator and the nonmodulating
safety-related plant components.
Nonmodulating control relates to .. r71

7.1.2.8 Communication Functions

Reference 19, Section 3 describes the communication functions

7.1.2.9 Fault Tolerance, Maintenance, Test, and Bypass

Reference 19, Section 7 describes the fault tolerance features and Section 6 describes the
maintenance, test and bypass features of the protection and safety monitoring system,

* Deleted: The reactor trip switchgear is
used to initiate reactor shutdown. The
reactor trip switchgear connects the
electrical motive power, supplied from
motor-generator sets, to the rod co2 ..=
Deleted: The Qualified Data Processing

Subsystem (QDPS), a subsystem of the
PMS, provides safety-related display of
selected parameters in the control room.¶
The QDPS subsystems are a redul .. r.1

Deleted: The communication functions

provide information from the plant
protection subsystem, the ESF
coincidence logic, the ESF actuation
subsystems, and the QDPS subs •

Deleted: The protection and safety

monitoring system provides a high degree
of reliability and fault tolerance. This
capability is demonstrated by the
following design features:¶ I .. rill
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Reference 19, Section 6 describes the test subsystem.
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7.1.2.14 Verification and Validation

[Adequacy of the hardware and software is demonstrated for the protection and safety monitoring
sýystem through a verification and validation (V& V) program. Details on the verification and
validation program are provided in ,W(AP-16096-NP-A (Reference 9).]* NVCAP-16096-NP-A
defines a software development processconsistent with the appropriate industry standards. .

,7.1.2.14.1 Design Process

UVC(AP- 6096-NP-i (Reference.), provides a planned design process for .s ofare
development duringjlýk cycle stages:. ...........................................

Conceptual phase (may aso be rekerred to as desi:.n requirements phase)

Deleted: The test subsystem provides a
means of testing the operation of the
protection and safety monitoring system
and verifying that the plant protection
system setpoints are within the system
requirements. Each redundant subsystem
is tested individually.¶
Testing from the sensor inputs of the
protection and safety monitoring system
through to the actuated equipment is
accomplished through a series of
overlapping sequential tests with the
majority of the tests capable of being
performed with the plant at full power.
Where testing final equipment at power
would upset plant operation or damage
equipment, provisions are made to test
the equipment at reduced power or when
the reactor is shut down.¶
Each division of the protection and safety
monitoring system is famished with a test
subsystem. The test subsystem provides
for verification of the accuracy of
setpoints and other constants, and
verification that proper signals appear at
other locations in the system.¶
Verification of the signal processing
algorithms is made by exercisin )

0 IRequirements phase (mnay also be relerred to as sistenm definition phase)
,&esign phase (inav alo be reliwred to as hardhvare and sofiware developient phase)
, Implemnentation phase (nM01 also be re[iirred to as hardware and so/iware developmnent
phatse)
& e phase .1mna also be reflored to as ss"tetn i•etQration and test phase)
Installation and checklut phase (may; also be retrred to as installation lha.*se)]*

The conceptual phase (design requirements phase) has been completed for AP1000.

[JVCA P-,6096jNP-A (Relkrence 9),. NABU-DP-00014-GEN (Reference 20), and the NRC-
approved Westingltouse Qualitt: Management Siystemn Reference 21) describe design
processes that will be usedJbr APIO00.]*

Deleted: either WCAP-13383
.(Reference 3) or CE-CES-195

Deleted: WCAP-13383 is an AP600
reference. CE-CES-195 It a Common
Q document. The

rDeleted: is

Deleted: following

Deleted: :¶
ANSIITEEE ANS-7-43.2-1993; "IEEE
Standard Criteria for Digital ..[.3]

Deleted: WCAP-13383provides a
planned design process for hardware and
software development during the ... [14]

[Deleted:,#*

Deleted: 15927

Deleted: 10

[Deleted:. a Common Q document. also

.FDeleted: hardware and

i.. Deleted: similar

Deleted: System definition

Deleted: Software d

Deleted: <1#>tHardware design phase¶
"1 Software i

Deleted: <#>Ilardware
implementation phase¶' System integration

4 Deleted: Depending on the protection
and safer, monitoring system hardware
usedforAPI000. either WCAP-13383 or

ý Deleted: 15927
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The references are revised as shown for consistency with the text changes described elsewhere in this

document.

1. Delete the reference to WCAP-13382, which is AP600 specific and describes the Eagle

product line.

2. Delete the reference to WCAP-13383, which is AP600 specific and related to the Eagle

product line.

3. Delete the reference to WCAP-14080 and WCAP 14081 which are AP600 specific.

4. Change the reference for the Software Program Manual from CE-CES-195 Rev. 01 to
WCAP- 16096-NP-A 01 A. The new reference is the latest Nuclear Regulatory Commission
accepted version. The Software Program Manual was accepted by the Nuclear Regulatory

Commission in ML003740165 (Reference 6), ML0305507760 (Reference 8), and

ML042730580 (Reference 9).

5. Change the reference for the Conmmon Qualified Platform Topical Report from CENPD-396-

P, Rev. 01 to WCAP-16097-P-A, Rev. 0. The new reference is the latest Nuclear Regulatory

Conmmission accepted version. The Common Q Platform was accepted by the Nuclear
Regulatory Commission in ML003740165 (Reference 6), M101 1690170 (Reference 7), and

MIL0305507760 (Reference 8).

6. Remove the reference to WCAP-15927 which is a lower-level process document. All
commitments to regulatory requirements and guidance are made in WCAP-1 6096-NP-A,

Rev. 0. The lower-level process is now available in NABU-DP-00014-GEN (Reference 20

which was added in this section of the DCD).

7. Delete the references to ML003740165, MLO 11690170, and ML030550776. These Nuclear
Regulatory Commission acceptance letters are included in the documents they refer to.

8. Add the reference to WCAP-16361 which is an API000 technical report that has been

separately submitted to the Nuclear Regulatory Commission.

9. Add the reference to APP-GW-GLR-017 which is an AP1000 technical report that has been

separately submitted to the Nuclear Regulatory Commission.

10. Add the reference to WCAP-16675 which is an API 000 technical report that has been

separately submitted to the Nuclear Regulatory Commission.
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7.1.7 References

1. IEEE 603-1991, "IEEE Standard Criteria for Safety Systems for Nuclear Power
Generating Stations."

2. ,Deleted.

F Deleted: WCAP-13382 (Proprietary)
and WCAP-l13391 (Non-Proprietary),
"AP600 Instrumentation and Control
Hardware Description," May 1992

* Deleted: [

[ Deleted: WCAP-13383, Revision I
(Non-Proprietary), "AP600
Instrumentation and Control Hardwrare
and Software Design, Verification. and
Validation Process Report. "June
1996.1]

,3. Deleted.

4. peleted.

[5. WCAP-14605 (Proprietar.y) and WCAP-14606 (Non-Proprietary.),
Selpoinl Methodology, for Protection Systems, AP600, "April 1996.]*

"Westinghouse
] Deleted: WCAP-14080 (Proprietary)
| and WCAP-14081 (Non-Proprietary),

"AP600 Instrumentation and Control
Software Architecture and Operation
Description," June 1994

Deleted: CENPD-396-P

Deleted: Rev. 01

6. 10 CFR 21, "Reporting of Defects and Noncompliance."

7. WCAP-15775, Revision 2, "AP1000 Instrumentation and Control Defense-in-Depth and
Diversity Report," March 2003.

[8. WCA4P-16097-P-A, _Pýtoipr.ietartv,)and WC'AP-16097-NP-A, (Non-Proprietart),_Revision
_0 "Comm1non Q7tal!fied Platjbrm, " MAy _2003..]*---------------------------

[Deleted: ay' 2000 and WC'AP-16097-
I NP-A, (Non-Proprictat3) I
" Deleted: CE-CES-195

Deleted: Mlav 26. 2000
.1 , Deleted: I

[9. ,CAP-16096-NP-A. Re. 014,"Software Program Manual for _Common Q System _, " --.......
. ,.1 Deleted: WCAP-15927, Rev. 0.flt,,,,~VV2004.]* -. ... ~ .'_.". "'Design ProcessforAPl000 Common a

"" Safet,'Sy'ste~ns, "August 2002.1*

1

,I 0. f)elc' Nd.

1 1 . D e le te d . .... .. ... ... ... ... ... ... ... ... .. ... ... ... ... ... ... .. ... ... .

12. WCAP-15776, "Safety Criteria for the AP1000 Instrument and Control Systems,"
April 2002.

13. WCAP-16097-P-A (Proprietary) and WCAP-16096-NP-A (Non-Proprietary), Appendix

Deleted: ML003740165, "Acceptance
for Referencing of Topical Report
CENPD-396-P, Rev. 01, 'Common
Qualified Platform' and Appendices 1, 2,
3 and 4, Rev. 01 (TAC No. MA 1677),"
August 11, 2000

4, ,'Common Qualified Platform Integrated Solution," May 2003.

14. Deleted.

15. ,Deleted.

16. Deleted.

Deleted: CENPD-396-P

• Deleted: Rev. 02 (Proprietary),

Deleted: April 2001 and WCAP-
16097-NP-A, Appendix 4 (Non-
Proprietary),

Deleted: ML0 11690170, "Safety
Evaluation for the Closeout of Several of
the Common Qualified Platform
Category I Open Items Related to
Reports CENPD-396-P, Revision I and
CE-CES-195. Revision 1 (TAC No.
MB0780)," June 22, 2001

Deleted: IEEE 7-4.3.2-1993, "IEEE
Standard Criteria for Digital Computers
in Safety Systems of Nuclear Power
Generating Stations."

Deleted: ML0305507760, "Acceptance
of the Changes to Topical Report
CENPD-396-P, Rev. 01, 'Common
Qualified Platform,' and Closeout of
Category 2 Open Items (TAC
No. MB2553)," February 24, 2003

17. WCAP 16361-P (Proprietary) and WCAP- 16361 -NP (Non-Proprietary), "Westinghouse
Setpoint Methodology for Protection Systems - API 000," May 2006.

18. APP-GW-GLR-017, AP1000 Standard Combined License Technical Report, "Resolution
of Common 0 NRC Items." Westinehouse Electric Comnanv LLC.
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19. WCAP-16675-P (Proprietary) and WCAP-16675-NP (Non-Proprietary), API000
Protection and Safety Monitoring System Architecture Technical Report," February
2007.

20. NAMB-DP-00014-GEN, Rev. I (Proprietay), "Design Process for Common 0 Safety
Systems," March 2006.

21. Westinghouse Electric Company Quality Management System (OMS), Rev. 5 (Non-
Proprietary). October 1. 2002.

Figure 7.1-1 is revised to show the overall I&C Architecture consistent with the textual changes

described elsewhere in this document. Figures 7.1-2 through 7.1-l1 are deleted because the text that

references them has been deleted or they are redundant to figure 7.1-1.
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Section 7.2.4 is revised as shown to change the reference for the Common Qualified Platform Digital
Plant Protection System Topical Report from CENPD-396-P, Rev. 1 to WCAP-16097-P-A, Rev. 0 and
WCAP-16097-NP-A, Rev. 0. The new reference is the latest Nuclear Regulatory Commission accepted
version. The Common Q Platform was accepted by the Nuclear Regulatory Commission in
ML003740165 (Reference 6), ML01 1690170 (Reference 7), and ML0305507760 (Reference 8).

This change does not affect conformance to regulatory requirements and guidance.

7.2.4 References

3. WCAP-16097-P-A (Proprietary) and WCAP-16097-NP-A (Non-Proprietary
Appendix 3, Rev. P, "Common Qualified Platform, Digital Plant Protection System,"

May2003.

f

-- Deleted: CENPD-396-P

Deleted: I

Deleted: 2000 i
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11.2 REMOVAL OF NON-SAFETY PERMISSIVE P-17 FROM THE PROTECTION SYSTEM:

Permissive P-17 is not used in the PMS and is not credited in the Chapter 15 Accident Analysis. It

will be developed in the PLS and be used as part of that system's Automatic Rod Withdrawal Block

function and therefore will be removed from Tier 1 Table 2.5.2-6 and Tier 2 Subsection 7.2.1.1.11.
This item is also addressed as part of the Figure 7.2-1, Sheet 4 changes above. This change also

requires that part of Table 7.2-3 (Sheet 2 of 2) be corrected and an abridged version is included after

the Subsection 7.2.1. 1. 11 changes.
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Tier 1 Changes

TABLE 2.5.2-6
PMS BLOCKS

Reactor Trip Functions:

Source Range High Neutron Flux Reactor Trip
Intermediate Range High Neutron Flux Reactor Trip
Power Range High Neutron Flux (Low Setpoint) Trip
Reactor Coolant Pump High Bearing Water Temperature Trip
Pressurizer Low Pressure Trip
Pressurizer High Water Level Trip
Low Reactor Coolant Flow Trip
Low Reactor Coolant Pump Speed Trip
High Steam Generator Water Level Trip

Engineered Safety Features:

Automatic Safeguards
Containment Isolation
Main Feedwater Isolation
Reactor Coolant Pump Trip
Core Makeup Tank Injection
Turbine Trip
Steam Line Isolation
Startup Feedwater Isolation
Block of Boron Dilution
Chemical and Volume Control System Isolation
Steam Dump Block
Auxiliary Spray and Letdown Purification Line Isolation
Passive Residual Heat Removal Heat Exchanger Alignment
Normal Residual Heat Removal System Isolation

Deleted: Plant Control System Blocks
(Nonsafety-related):

Automatic Rod Withdrawal
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Tier 2 Changes

7.2.1.1.11 Reactor Trip System Interlocks

Table 7.2-3 (Sheet 2 of 2)

REACTOR TRIP PERMISSIVES AND INTERLOCKS

Deleted: Automatic Rod Withdrawal
Block ¶
An automatic rod withdrawal block
occurs on a power range negative flux
rate below the P- 17 setpoint to block the
remaining rods that are not inserted by
the rapid power reduction system. Figure
7.2-1, sheet 4, shows this block function.
This interlock is generated by the
protection and safety monitoring system
and forwarded to the plant control system
for implementation.Designation Derivation Function

I.. . 5.

Deleted:

Deleted: P-17"' ... f151

Deleted: Note:]
I. This interlock does not meet the July
1993 Final Policy Statement on Technical
Specification Improvements criteria and
is not included in the Technical
Specifications.
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11.3 ELIMINATION OF CONTROL ROOM MULTIPLEXER

Section 7.1.2.6 is revised as shown to eliminate the protection and safety monitoring system control

room multiplexers. In the Common Q implementation. control room multiplexers are not needed and
add an extra level of complexity. Additionally, the multiplexers add heat and noise to the control

room. The control room multiplexers were used in the Eagle architecture to provide the discrete

digital inputs needed for the dedicated switches in the control room. Common Q does not require

these devices so they are eliminated in the Conmmon Q implementation

This change does not affect conformance to regulatory requirements and guidance.

7.1.2.6 Main Control Room Multiplexers

The protection and safety monitoring system does not use multiplexers to provide a signal
path between the protection system equipment and the main control room. Each division's
safety/QDPS display communicates with the protection system equipment via that division's
communications network as shown in Figure 2-2 of Reference 19,

Deleted: The protection and safety
monitoring system contains redundant
multiplexers to provide a signal path from
the protection channels to safety operator
modules in the main control room. One
redundant main control room multiplexer
is associated with each of the four safety
divisions. The multiplexers provide for
transmission of component-level manual
actuation signals from the main control
room to the ESF actuation subsystems.
The multiplexers also provide for
transmission of component status
information from the ESF actuation
subsystems to the main control room.¶
The multiplexers communicate with soft
control devices or operator interface
modules in the main control room.
Subsection 7.1.3.3 provides additional
discussion of the operation of the sont
control devices. The transfer of control
from the main control room to the remote
shutdown workstation is accomplished
using transfer switches as described in
subsection 7.4.3.¶
Various "handshaking" signals are
implemented for requests and responses
between the soft controls and the
multiplexers to verify the receipt and the
validity of the messages.
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11.4 CYBER-SECURITY

Section 7.1 is modified as shown to add a reference to APP-GW-GLR- 104 (TR- 104) which describes

the AP1000 cyber-security implementation. Previous revisions of the DCD did not explicitly address

cyber-security. These changes do not adversely affect conformance to regulatory requirements and

guidance.

7.1.1 The AP1000 Instrumentation and Control Architecture

Figure 7.1-1 illustrates the instrumentation and control architecture for the AP1000. The
figure shows two major sections separated by the real-time data network. Figure 7.1-1 depicts
the real-time data highway as a single network. To meet cyber security concerns, the real-
time data highway will be separated into security levels as described in Reference 22.

The following sub-section is added at the end of section 7.1.1 to address cyber security requirements.

Cyber Security

Reference 22 describes the cyber security implementation for AP1000.

Reference 22 is added to Section 7.1.7.

22. APP-GW-GLR-104, "AP 1000 Cyber Security Implementation," May 2007.
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11.5 REVISION TO TABLES 7.5-1, 7.5-5, 7.5-6, 7.5-7, AND 7.5-9 FOR CONSISTENT
NAMING OF RCS WIDE RANGE PRESSURE

Tables 7.5-1, 7.5-5, 7.5-6, 7.5-7 and 7.5-9 use the variable name "RCS pressure." The correct title is

"RCS wide range pressure." Tables 7.5-1, 7.5-5, 7.5-6, 7.5-7 and 7.5-9 are revised as shown below.

This is an editorial change and does not affect the functional design or conformance to regulatory

requirements and guidance.

Additionally, the description of the subcooling calculation in Note 6 to Table 7.5-1 is not correct.

Note 6 is revised as shown.

Table 7.5-1 (Sheet 1 of 12)

POST-ACCIDENT MONITORING SYSTEM

Range/
V'ariable .Status

RCS ,id- au! 0-3300
pressure psig

Qualification Number of
Type/ Instruments

Category En-ironmental Seismic Required

BI, B2. D2. Ilarsh Yes 3
CI, F2 (Note 4)

QDPS
Poser Indication
Supply (Note 2) Remarks

I E Yes Locatcd inside
containment

APP-GW-GLR-080 rO.doc



WESTINGHOUSE ELECTRIC COMPANY LLC
AP1000 Licensing Design Change Document

Document Number: APP-GW-GLR-080
Title: Mark-up of AP1000 Design Control Document Chapter 7

Page 30 of 183

Revision Number: 0

Table 7.5-1 (Sheet 12 of 12)

POST-ACCIDENT MONITORING SYSTEM

Notes:

I. Total flow measurement is obtained from the sum of four branch flow de. ices.

2. The same information is available in the technical support center via the monitor bus. Infonnation available on the qualified data processing system is also
available at the remote shutdowss workstation.

3. Noble gas: 10'l to 10' jaCi/cc
Particulate: 10,2 to 10f p.Ci/cc
Iodines: 101" to 10' pCi/cc

4. The number of instrtments required after stable plant conditions is two. A third channel is available through temporary connections to resolve information
ambiguity if necessary (Ser subsection 7.5.4).

5. Noble gas: 10' to 102 pCi/cc
Particulate: 10j"' to t0' p.Ci/cc
lodines: 10." to 10t' Ci/cc

6. Degree of subcooling is calculated frottjt PCS wide rane prcssu•eantýt sit temperatutrc. .............

7. This istrument is not required after 24 hours.

8. Two steam line pressure instruments per SG are located inside containment, and are qualified far a harsh environment. Two steam line pressure instruments
per SG are located outside cotainment (not in MSIV compartment). and are qualified for a mild environment.

9. MCR supply air radiation monitoring is not required after MCR has been isolated.

[0. This instrument is only required when non-safety power is available.

It. This instnutent is not required if non-Class I E UPS power is not available.

12. These devices are backup verification to qualified system stat•s parameters. These devices are purchased to perform in their anticipated service environments
for the plant conditions for which they must function.

" Deleted: pressurizer
Deleted: RCS hot leg
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Table 7.5-5

SUMMARY OF TYPE B VARIABLES

Function

Monitored Variable

Reactivity Control

Reactor Coolant System Integrity

Reactor Coolant Inventory Control

Neutron flux
Control rod position

RCS wide range pressure
RCS wide range Th.,
RCS wide range Twold

Containment water level
Containment pressure

Pressurizer level
Pressurizer reference leg temperature
Pressurizer pressure
Reactor vessel - hot leg water level

Core exit temperature
RCS subcooling
RCS wide range Thot

RCS wide range T cod

RCS wide raneepressure
Reactor vessel - hot leg water level

Type/Category

BI
B3

BI
BI
BI
BI
BI

BI
BI
BI
B3

BI
BI
B2
B2
B2
B2

Reactor Core Cooling

Table 7.5-6

Function

Monitored

Incore Fuel Clad

RCS Boundary

SUMMARY OF TYPE C VARIABLES

Variable

Core exit temperature

RCS wide range pressure
Containment pressure
Containment water level
Containment area high range radiation
Turbine island vent discharge radiation level
Steam generator blowdown discharge radiation level
Steam generator blowdown brine radiation level
Main steam line radiation level

Type/Category

CI

Cl
C2
C1
Cl
C2
C2
C2
C2
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Table 7.5-7 (Sheet I of 4)

SUMMARY OF TYPE D VARIABLES

System

Reactivity Control System

Pressurizer Level and Pressure Control

Variable

Reactor trip breaker status

Control rod position

Pressurizer safety valve status

Pressurizer level

RCS wide ranae pressure

Pressurizer pressure

Reference leg temperature

¶Trpe/Category

D2

D3

D2

D2

D2

D2

D2

Table 7.5-9 (Sheet I of 4)

SUMMARY OF TYPE F VARIABLES

Variable

Monitoring for preplanned manual nonsafety-related system actions

RCS wide range pressure

RCS wide range Th.,

RCS wide range T_,,d

Type/Category

F2

F2

F2
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11.6 MANUAL PASSIVE CONTAINMENT COOLING DIVISION ASSIGNMENT

MODIFICATIONS

The changes to Table 7.3-3 are being made to correct the Division assignments for the Manual

passive containment cooling actuations #1 and #2. These manual controls actuate passive

containment cooling as well as containment isolation and therefore must also be connected to

Division D. This change is shown in the abridged copy of Table 7.3-3 (Sheet I of 2) below.

Table 7.3-3 (Sheet I of 2)

SYSTEM-LEVEL MANUAL INPUT TO THE
ENGINEERED SAFETY FEATURES ACTUATION SYSTEM

To Figure 7.2-1

Manual Control Divisions Sheet

Manual passive containment cooling actuation #1 A B C D 13

Manual passive containment cooling actuation #2 A B C Q 13

Manual passive containment isolation actuation #1 A B C D 13

Manual passive containment isolation actuation #2 A B C D 13
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11.7 LOW REACTOR COOLANT FLOW REACTOR TRIP LOGIC MODIFICATIONS

AP1000 is not licensed for N-I Loop Operation and therefore the PMS is not required to account for

this requirement as part of its design. This change affects Subsection 7.2.1.1.3, Table 7.2-2 (Sheet I
of 2), Table 7.2-3 (Sheet I of 2), Technical Specification, Bases Section B 3.3.1, B 3.4.4, Section

3.3.1, Table 3.3.1-1 (Pages 2, 3 & 4 of 5), Table 15.0-4a (Sheet I of 2), Table 15.0-6 (Sheet 3 of 4),

Subsection 15.3.1.1, 15.3.2.1 and Figure 7.2-1, Sheet 5. In all of these locations references to the P-8

permissive that permits operation at reduced power with a reactor coolant pump out of service have
been removed. Additionally in table 7.2-2 (Sheet I of 2) "Pressurizer High Water Level Trip" has

been changed to "High-3 Pressurizer Water Level Trip" to keep the labeling of that function

consistent throughout the DCD.

In addition, the logic for the function shown in Figure 7.2-1, Sheet 5 is revised to so that the reactor

will trip when either low flow signal channels in 2 out of the 4 divisions are true coincident with the

P-10A signal. The existing logic does not segregate the hot leg signals across the divisions, thereby

increasing the chance of an inadvertent reactor trip. For example, it would trip the reactor if one

division monitoring one hot leg tripped and another division monitoring the other hot leg tripped at
the same time. This is inconsistent with traditional design practice that only will trip the reactor if

two or more divisions monitoring the same hot leg are tripped. The existing logic creates an
increased likelihood of inadvertent reactor trips, thereby increasing the likelihood of challenges to

safety systems. The revised design is consistent with the accident analysis as discussed in DCD

Chapter 15.

The same changes are made for the High Reactor Coolant Pump Bearing Water Temperature Reactor

Trip logic.
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7.2.1.1.3 Core Heat Removal Trips

Reactor Trip on Low Reactor Coolant Flow

This trip protects against departure from nucleate boiling in the event of low reactor coolant
flow. Flow in each hot leg is measured at the hot leg elbow. The trip on low flow in tLe hot
legs is automatically blocked when reactor power is below the P-i 0 permissive setpoint. This
enhances reliability by preventing unnecessary reactor trips. The prip _ fiunctiops L
automatically reset when reactor power is above theP-10 setpoint. .

Figure 7.2-1, sheet 5 shows the logic for this trip. The development of permissive P-10 and P-
8 are shown in Figure 7.2-1, sheet 4.

Reactor Coolant Pump Bearing Water Temperature Trip

This trip is an anticipatory trip based on the expectation of a complete loss of reactor coolant
flow if cooling water is lost to the reactor coolant pumps. This trip occurs before the reactor
coolant pumps are tripped on the same measurement.

The reactor trip on high reactor coolant pump bearing water temperature in any single reactor
coolant pump is automatically blocked when reactor power is below the P-,.Q permissive
setpoint. ,This enhances .reliability by preventing unnecessary reactor trips. The .rip_.L.
automatically reset when reactor power is above the ,P-10 setpoint.

Deleted: either hot leg is automatically

blocked when reactor power is below the
P-8 permissive setpoint, and the trip on
low flow in

Deleted: both

(Deleted: two

(Deleted: s

,Deleted: are

Deleted: P-8 and

Deleted: s

* Deleted: 8
Deleted: and the trip on high reactor

coolant pump bearing water temperature
in multiple pumps is automatically
blocked when reactor power is below the

,P-10 permissive setpoint.

(Deleted: twopartsofthe

t Deleted: are

FDeleted: P-8 and
9

rDeltd
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Table 7.2-2 (Sheet I of 2)

REACTOR TRIPS

Permissives

and

Interlocks

No. of Division Bypass (See Table 7.2-

Reactor TripM) Channels Trip Logic Logic 3)

Source Range High Neutron Flux 4 2/4 Yes(2) P-6, P-10
Reactor Trip

Intermediate Range High Neutron Flux 4 2/4 Yes(2) P-10
Reactor Trip

Power Range High Neutron Flux (Low 4 2/4 Yes(2) P-10
Setpoint) Trip

Power Range High Neutron Flux (High 4 2/4 Yes(2)

Setpoint) Trip

High Positive Flux Rate Trip 4 2/4 Yes(2)-

Reactor Coolant Pump Bearing Water 16 (4/pump) 2/4 in any Yes(2) P-M~,
single pump

Overtemperature AT 4 (2/loop) 2/4 Yes (2)

Overpower AT 4 (2/loop) 2/4 Yes1 2) ----

Pressurizer Low Pressure Trip 4 2/4 Yes(2) P-10

Pressurizer High Pressure Trip 4 2/4 Yes'2) ----

High-3 Pressurizer , 4 2/4 .Yes 1 2
) P-10

Water Level Trip

Low Reactor Coolant Flow 8 (4/hot leg) 2/4 in either Yes12) P- _1,0

hot leg

Reactor Coolant Pump Underspeed 4 (i/pump) 2/4 Yes(2) P-10

Low Steam Generator Water Level 4/steam 2/4 in any Yes(2) ----
generator steam

generator

Deleted: 8

f Deleted: P-10

Deleted: 2/4 in 2/4 pumps

Deleted: Yes•
2
'

Deleted: High

Deleted: 8

Deleted: 2/4 in both legs

I Deleted: Yes'2)

Deleted: P-10
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Table 7.2-3 (Sheet 1 of 2)

REACTOR TRIP PERMISSIVES AND INTERLOCKS

Designation Derivation Function

P-6 Intermediate range neutron flux Allows manual block of source range reactor trip
above setpoint

P-6 Intermediate range neutron flux Automatically resets source range reactor trip
below setpoint

P-10 Power range nuclear power above (a) Allows manual block of power range (low setpoint)
setpoint reactor trip

(b) Allows manual block of intermediate range reactor
trip

(c) Automatically blocks source range reactor trip
(back-up to P-6)

(d) Allows reactor trip on low coolant flow or reactor
coolant pump high bearing water temperature in
any single loop

(e) Allows reactor trip on low reactor coolant pump
speed

(f) Allows reactor trip on high pressurizer water level

(g) Allows reactor trip on low pressurizer pressure

P-10 Power range nuclear power below (a) Prevents the block of power range (low setpoint)
setpoint reactor trip

(b) Prevents the block of intermediate range reactor trip

(c) Permits manual reset of each source range channel
reactor trip

(d) Blocks reactor trip on low coolant flow or reactor
coolant pump high bearing water temperature in
any single loop

(e) Blocks reactor trip on low reactor coolant pump
speed

(f) Blocks reactor trip on high pressurizer water level

(g) Blocks reactor trip on low pressurizer pressure

*Deleted: P-8 1.6 1

Deleted: multiple

I Deleted: s

* Deleted: multiple

r Deleted:
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B 3.3.1 Reactor Trip System (RTS) Instrumentation

BASES

APPLICABLE SAFETY ANALYSES, LCOs, and APPLICABILITY (continued)

10. Reactor Coolant Flow- Low

a. Reactor Coolant Flow

The Reactor Coolant Flow - Lowtrip Function ensures that
protection is provided against violating

the DNBR limit due to low flow in one or more RCS cold legs.
Above the P-_I0 setpoint, a loss of flow in any RCS cold leg will
actuate a reactor trip. Each RCS cold leg has four flow
detectors to monitor flow. The Trip Setpoint reflects only steady
state instrument uncertainties as the detectors do not provide
primary protection for any event that results in a harsh
environment.

The LCO requires four Reactor Coolant Flow - Low channels
per cold leg to be OPERABLE in MODE 1 above P-l_0. Four
OPERABLE channels are provided to permit one channel in trip
or bypass indefinitely and still ensure no single random failure
will disable this trip Function.

In MODE 1 above the P-_,0 setpoint, when a loss of flow in one
RCS cold leg could result in DNB conditions in the core, the
Reactor Coolant Flow - Low $ip must bee OPERABLEE. .........

[ Deleted: - Low (Single Cold Leg)

. Deleted: (Single Cold Leg)

rDeleted: 8

Deleted: 8

{ Deleted: 8

. Deleted: (Single Cold Leg)

Deleted: In MODE 1 below the P-8
setpoint, a loss of flow in two or more
cold legs is required to actuate a
reactor trip (Function 10.b) because
of the lower power level and the
greater margin to the design limit
DNBR.

Deleted: b.. Reactor Coolant Flow -
Low (Two Cold Leqs)¶

Deleted: The Reactor Coolant
Flow - Low

Deleted: (Two Cold Legs)

Deleted: trip Function ensures that
protection is provided against
violating the DNBR limit due to low
flow in two or more RCS cold legs.
Above the P-1 0 setpoint

Deleted: and below the P-8 setpoint

Deleted:, a loss of flow in two or
more cold legs will initiate a reactor
trip. Each cold leg has four flow
detectors to monitor flow. The Trip
Setpoint reflects only steady state
instrument uncertainties as the
detectors do not provide primary
protection for any event that results in
a harsh environment.

Deleted: The LCO requires four
Reactor Coolant Flow - Low channels
per cold leg to be OPERABLE in
MODE I above P-10

Deleted: and below P-8

Deleted:. Four OPERABLE
channels are provided to permit one
channel in trip or bypass indefinitely
and still ensure no single random
failure will disable this trip Function.FDeleted: In MODE 1 above the P-10
setpoint

IDeleted: and below the P-8 setpoint

Deleted:, the Reactor Coolant
Flow - Low

[ Deleted: (Two Cold Legs)

Deleted: trip must be OPERABLE.
Below the P-10 setpoint. all re

Deleted: distributions could occur
that would cause a DNB conc( [18]

Deleted: Above the P-8 setpoint, a
loss of flow in any one cold leti
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11. Reactor Coolant Pump (RCP) Bearing Water Temperature - High

a. RCP Bearing Water Temperature - High,

The RCP Bearing Water Temperature - High ,reactor trip
Function ensures that protection is provided against violating
the DNBR limit due to a loss of flow in one RCS cold leg. Above
the P-,10 setpoint, high bearing water temperature in any RCP
will initiate a reactor trip. The Trip Setpoint reflects only steady
state instrument uncertainties as the detectors do not provide
primary protection for any event that results in a harsh
environment.

The LCO requires four RCP Bearing Water Temperature - High
channels per RCP to be OPERABLE in MODE I above P-I 0.
Four channels are provided to permit one channel in trip or
bypass indefinitely and still ensure no single random failure will
disable this trip Function.

In MODE 1 above the P-_,0 setpoint, when a loss of flow in any .
RCS cold leg could result in DNB conditions in the core, the
RCP Bearing Water Temperature - High trip must be
OPERABLE. ,

Deleted: (Single Pump)

Deleted: (Single Pump)

Deleted: 8

Deleted: 8

Deleted: (Single Pump)

Deleted: In MODE 1 below the P-8
setpoint, a loss of flow in two or more
cold legs is required to actuate a
reactor trip because of the lower
power level and the greater margin to

Lthe design limit DNBR.

.Deleted: b. RCP Bearing Water
Temperature - Hiqh (Two Pumps)j

Deleted: The RCP Bearing Water

Temperature - High

Deleted: (Two Pumps)

* Deleted: reactor trip Function
ensures that protection is provided

I against violating the DNBR limit due
to a loss of flow in two or more RCS
cold legs. Above the P-10 setpointj

Deleted: and below the P-8 setpoint

Deleted:, a high bearing water
temperature in two or more RCPs will
initiate a reactor trip. The Trip
Setpoint reflects only steady state
instrument uncertainties as the
detectors do not provide primary
protection for any event that results in
a harsh environment.

Deleted: The LCO requires four
RCP Bearing Water Temperature -
High channels per RCP to be

OPERABLE in MODE 1 above P-10

rDeleted: and below P-8 __
• ( ~ let :_ nd b '° wZ :8 .........................

Deleted:. Four channels are

provided to permit one channel in trip
or bypass indefinitely and still ensure
no single random failure will disable

• his trip Function. ...

Deleted: In MODE 1 above the P-10[.setpoint _

f! eletd -and below te P-8setpointI

D-eleted: ,the RCP Bearing Water
.I Temperature - High

rDelated: (Two Pumps)

Deleted: trip must be OPERABLE. I
Below the P-10 setpoint, all reactor
trips on loss of flow are automatically
blocked since no conceivable power
distributions could occur that would
cause a DNB concern at this low
power level. Above the P-1O .. -

Deleted: Above the P-8 setpoint, a
loss of flow in any one cold le [-
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16. Reactor Trip System Interlocks Comment: Deleted b.,PowerRange,
[N euton"% lx, P-8 ..., ... 'i. ... •• .)

Power Range Neutron Flux. P-10 - Neeteo. l -

- - Deleted: c

The Power Range Neutron Flux, P-1O interlock is actuated at
approximately 10% power as determined by the respective PMS
power-range detector. The LCO requirement for the P-10
interlock ensures that the following functions are performed:

(1) on increasing power, the P-10 interlock
automatically enables reactor trips on the following
Functions:

Pressurizer Pressure - Low,

Pressurizer Water Level - High 3,
1D~ele~t~e-d.: .(Bo~t~hHot .Legs) j

Reactor Coolant Flow - Low, ..... ........ . 1Deleted: (_Tw~o Pum s) ..... . .
RCP Bearing Water Temperature - High. and.

RCP Speed - Low.

These reactor trips are only required when operating above
the P-10 setpoint (approximately 10% power). These
reactor trips provide protection against violating the

DNBR limit. Below the P-10 setpoint, the RCS is capable
of providing sufficient natural circulation without any RCP
running.

* (2) on increasing power, the P-10 interlock allows the
operator to manually block the Intermediate Range
Neutron Flux reactor trip.

0 (3) on increasing power, the P-10 interlock allows the
operator to manually block the Power Range Neutron
Flux - Low Setpoint reactor trip.

* (4) on increasing power, the P-10 interlock
automatically provides a backup block signal to the Source
Range Neutron Flux reactor trip and also to de-energize
the PMS source range detectors.
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0 (5) on decreasing power, the P-10 interlock
automatically blocks reactor trips on the following
Functions:

Pressurizer Pressure - Low,

Pressurizer Water Level - High 3,
Deleted; (Two Cold Legs)

Reactor Coolant Flow - Low . .... eted. (TwoPumps)

RCP Bearing Water Temperature - High, and

RCP Speed - Low.

0 (6) on decreasing power, the P-10 interlock
automatically enables the Power Range Neutron Flux -
Low reactor trip and the Intermediate Range Neutron Flux

reactor trip (and rod stop).

The LCO requires four channels of Power Range Neutron Flux,
P-10 interlock to be OPERABLE in MODE 1 or 2.

In MODE 1, when the reactor is at power, the Power Range
Neutron Flux, P-10 interlock must be OPERABLE. This
Function must be OPERABLE in MODE 2 to ensure that core
protection is provided during a startup or shutdown by the
Power Range Neutron Flux - Low Setpoint and Intermediate

Range Neutron Flux reactor trips. In MODE 3, 4, 5, or 6, this
Function does not have to be OPERABLE because the reactor
is not at power and the Source Range Neutron Flux reactor trip
provides core protection.

• ý Deleted: d
-_ Pressurizer Pressure, P-11

With pressurizer pressure channels less than the P-11 setpoint,
the operator can manually block the Steam Generator Narrow
Range Water Level - High 2 reactor Trip. This allows rod
testing with the steam generators in cold wet layup. With
pressurizer pressure channels > P-11 setpoint, the Steam
Generator Narrow Range Water Level - High 2 reactor Trip is
automatically enabled. The operator can also enable these
actuations by use of the respective manual reset.
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L.1.1, L.1.2, and L.2

Condition L is applicable to the Reactor Coolant Flow - Low (Single Cold

Leg) and RCP Bearing Water Temperature - High (Single Pump) reactor

trip Functions.

With one or two channels inoperable, one affected channel must be

placed in a bypass or trip condition within [6] hours. If one channel is

bypassed, the logic becomes two-out-of-three, while still meeting the

single failure criterion. (A failure in one of the three remaining channels

will not prevent the protective function.) If one channel is tripped, the

logic becomes one-out-of-three, while still meeting the single failure

criterion. (A failure in one of the three remaining channels will not prevent
the protective function.) If one channel is bypassed and one channel is

tripped, the logic becomes one-out-of-two, while still meeting the single

failure criterion. The [6] hours allowed to place the inoperable channel(s)

in the bypassed or tripped condition is justified in Reference [7].

If Required Actions described above cannot be met within the specified

Completion Times, the unit must be placed in a MODE where this
Function is no longer required to be OPERABLE. A Completion Time of

an additional 4 hours is allowed to reduce power < P-_10. Allowance of

this time interval takes into consideration the redundant capability

provided by the remaining two redundant OPERABLE channels and the

low probability of occurrence of an event during this period that may

require the protection afforded by this Function.

-( Deleted: 8

/
/

Deleted: 0.1. 0.2.1. 0.2.2. and 0.3¶
Condition O applies to the P-8
interlock. With one or two channels
inoperable, the associated interlock
must be verified to be in its required
state for the existing plant condition
within 1 hour, or the Functions
associated with inoperable interlocks
placed in a bypassed or tripped
condition within [7] hours, or the unit
must be placed in MODE 2 within
13 hours. Verifying the interlock
manually accomplishes the interlock
condition.
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Deleted: If one interlock channel is
inoperable, the associated
Function(s) must be placed in a
bypass or trip condition within [7]
hours. If one channel is bypassed,
the logic becomes two-out-of-three,
while still meeting the single failure
criterion. (A failure in one of the three
remaining channels will not prevent
the protective function.) If one
channel is tripped, the logic becomes
one-out-of-three, while still meeting
the single failure criterion. (A failure
in one of the three remaining
channels will not prevent the
protective function.)

Deleted: If two interlock channels
are inoperable, one channel of the
associated Function(s) must be
bypassed and one channel of the
associated Function(s) must be
tripped. In this state, the logic
becomes one-out-of-two, while still
meeting the single failure criterion.
The [7] hours allowed to place the
inoperable channel(s) in the
bypassed or tripped condition is
justified in Reference [7].

Deleted: If placing the associated
Functions in bypass or trip is
impractical, for instance as the result
of other channels in bypass or trip,
the Completion Time of an additional
6 hours is reasonable, based on
operating experience, to reach
MODE 2 from full power in an orderly
manner and without challenging plant
systems.
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B 3.4.4 RCS Loops

BASES

ACTIONS A.1

If the requirements of the LCO are not met while in MODE 1 or 2, the

Required Action is to reduce power and bring the plant to MODE 3 with

the reactor trip breakers open. This lowers power level and thus reduces

the core heat removal needs and minimizes the possibility of violating

DNB limits.

Condition A is modified by a Note which requires completion of Required

Action A.1 whenever the Condition is entered. This ensures that no

attempt is made to restart a pump with the reactor trip breakers closed,

thus precluding events which are unanalyzed.

When all four reactor coolant pumps are operating, a loss of a single

reactor coolant pump above power level P-_10 Will result in an automatic

reactor trip,_

The Completion Time of 6 hours is reasonable to allow for an orderly

transition to MODE 3. The applicable safety analyses described above

bound Design Basis Accidents (DBA) initiated with three reactor coolant

pumps operating at power levels below P-1,0

'Deleted: 8

Deleted: When three reactor
coolant pumps are operating, a loss
of a single reactor coolant pump
above power level P-10 will result in
an automatic reactor trip.

[ Deleted: 8 -1

I Deleted:, and with two reactor
I coolan

t 
pu

m
ps a

t 
power levels belowJ

._: _° ..... . ....... .............
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3.3.1 Reactor Trip System (RTS) Instrumentation

ACTIONS

L. One or two channels
inoperable.

L.1.1 Place one inoperable [6] hours

channel in bypass or trip.

AND

L.1.2 With two channels [6] hours

inoperable, place one

channel in bypass and one

channel in trip.

OR

L.2 Reduce THERMAL 10 hours

POWER to < P-I_0.
Dele!ted: 8
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TABLE 3.3.1-1 (PAGE 2 OF 5)
REACTOR TRIP SYSTEM INSTRUMENTATION

APPLICABLE
MODES OR

OTHER
SPECIFIED REQUIRED SURVEILLANCE ALLOWABLE TRIP

FUNCTION CONDITIONS CHANNELS CONDITIONS REQUIREMENTS VALUE SETPOINT

6. Overtemperature AT 1,2 4 E SR 3.3.1.1 Refer to Refer to
SR 3.3.1.3 Note 1 Note 1
SR 3.3.1.4 (Page (Page
SR 3.3.1.6 3.3.1-16) 3.3.1-16)
SR 3.3.1.8
SR 3.3.1.11

7. Overpower AT 1,2 4 E SR 3.3.1.1 Refer to Refer to
SR 3.3.1.6 Note 2 Note 2
SR 3.3.1.8 (Page (Page
SR 3.3.1.11 3.3.1-16) 3.3.1-16)

8. Pressurizer Pressure 1( 4 K SR 3.3.1.1 > [1785] psig
SR 3.3.1.6

a. Low Setpoint SR 3.3.1.8

SR 3.3.1.11

b. High Setpoint 1,2 4 E SR 3.3.1.1 < [2445) psig
SR 3.3.1.6
SR 3.3.1.8
SR 3.3.1.11

9. Pressurizer Water Level - 1M 4 K SR 3.3.1.1 < [80]%*
High 3 SR 3.3.1.6

SR 3.3.1.8

10. Reactor Coolant Flow- Low 1(N 4 erL SR 3.3.1.1 a [871%"
hot leg SR 3.3.1.6

SR 3.3.1.8
SR 3.3.1.11

I (f) Above the P-1 0 (Power Range Neutron Flux) interlock.

Deleted: a. Single Hot Leg ... [221

Deleted: ¶
(g) Above the P-8 (Power Range
Neutron Flux) interlock.¶
(h) Above the P-10 (Power Range
Neutron Flux) interlock and below the
P-8 (Power Range Neutron Flux)
interlock.

(i) Percent of thermal design flow.
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TABLE 3.3.1-1 (PAGE 3 OF 5)
REACTOR TRIP SYSTEM INSTRUMENTATION

APPLICABLE
MODES OR

OTHER
SPECIFIED REQUIRED SURVEILLANCE ALLOWABLE TRIP

FUNCTION CONDITIONS CHANNELS CONDITIONS REQUIREMENTS VALUE SETPOINT

11. Reactor Coolant Pump 10 4per RCP L SR 3.3.1.1 a[230]*F*
(RCP) Bearing Water
Temperature - High

12. RCP Speed - Low

13. Steam Generator (SG)
Narrow Range Water
Level - Low

14. Steam Generator (SG)
Narrow Range Water
Level - High 2

15. Safeguards Actuation Input
from Engineered Safety
Feature Actuation System

a. Manual

b. Automatic

SR 3.3.1.6
SR 3.3.1.8

[ Deleted: a. Single Pump

- Deleted: 1'g)

1¢M 4

1,2 4 per SG

1,2 (k) 4 per SG

K SR 3.3.1.1
SR 3.3.1.6
SR 3.3.1.8

E SR 3.3.1.1
SR 3.3.1.6
SR 3.3.1.8
SR 3.3.1.11

E SR 3.3.1.1
SR 3.3.1.6
SR 3.3.1.8
SR 3.3.1.11

Deleted: 4 per RCP
a[90]% 1 '.

(Deleted: L

Deleted: SR 3.3.1.1
S• R 3.3.1.6

> [95,000] Ibm ' SR 3.3.1.8

.( Deleted: > [32010F*

(Deleted: b. Two Pumps

5 [1001% (Deleted: 1(h)

( Deleted: 4 per RCP

( Deleted: K

RDeleted: SIR 3.3.1.1

S SR 3.3.1.6
S R 3.3.1.8

N/A N/A (Deleted: at [320*F*1,2

1,2

2

4

B SR 3.3.1.10

M SR 3.3.1.6 N/A N/A

(0 Above the P-10 (Power Range Neutron Flux) interlock,

(k) Above the P-1 1 (Pressurizer Pressure) interlock.

Deleted: I
(g) Above the P-8 (Power Range
Neutron Flux) interlock.¶
(h) Above the P-10 (Power Range
Neutron Flux) interlock and below the
P-8 (Power Range Neutron Flux)
interlock.
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TABLE 3.3.1-1 (PAGE 4 OF 5)
REACTOR TRIP SYSTEM INSTRUMENTATION

APPLICABLE
MODES OR
SPECIFIED REQUIRED SURVEILLANCE ALLOWABLE TRIP

FUNCTION CONDITIONS CHANNELS CONDITIONS REQUIREMENTS VALUE SETPOINT

16. Reactor Trip System
Interlocks

a. Intermediate Range 2 4 N SR 3.3.1.6 >[1E-101
Neutron Flux, P-6 SR 3.3.1.9 amps

b. Power Range Neutron 1,2 4 N SR 3.3.1.6 [10]% RTP
Flux, P-10 SR 3.3.1.9

c. Pressurizer Pressure, 1,2 4 N SR 3.3.1.6 5 [19701 psig
P-11 SR 3.3.1.9

17. Reactor Trip Breakers 1,2 4 divisions PQ SR 3.3.1.5 N/A N/A
3),40),50) with 2 RTBs

per division

18. Reactor Trip Breaker (RTB) 1,2 1 each per PQ SR 3.3.1.5 N/A N/A
Undervoltage and Shunt 30),40),50) RTB
Trip Mechanisms mechanism

19. Automatic Trip Logic 1,2 4 divisions M SR 3.3.1.6 N/A N/A
30),40),50) 4 divisions R SR 3.3.1.6 N/A N/A

20. ADS Stages 1, 2, and 3
Actuation input from
engineered safety feature
actuation system

a. Manual 1,2 2 switch B SR 3.3.1.10 N/A N/A
sets

30),40),50) 2 switch B SR 3.3.1.10 N/A N/A

sets

b. Automatic 1,2 4 M SR 3.3.1.6 N/A N/A
3),49),50) 4 R SR 3.3.1.6 N/A N/A

21. Core Makeup Tank
Actuation input from
engineered safety feature
actuation system

a. Manual 1,2 2 switch B SR 3.3.1.10 N/A N/A
sets

3,40),56) 2 switch B SR 3.3.1.10 N/A N/A

sets

b. Automatic 1,2 4 M SR 3.3.1.6 N/A N/A
3),40),5) 4 R SR 3.3.1.6 N/A N/A

Deleted: b.. Power Range Neutron

Flux, P-8 .. 231
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15.3.1.1 Identification of Causes and Accident Description

A partial loss of coolant flow accident can result from a mechanical or an electrical failure of a
reactor coolant pump or from a fault in the power supply to the pump or pumps. If the reactor is at
power at the time of the event, the immediate effect of the loss of coolant flow is a rapid increase in
the coolant temperature.
Normal power for the pumps is supplied through four buses connected to the generator. When a
generator trip occurs, the buses are supplied from offsite power. The pumps continue to operate.
A partial loss of coolant flow is classified as a Condition II incident (a fault of moderate frequency),
as defined in subsection 15.0.1.
Protection against this event is provided by the low primary coolant flow reactor trip signal, which is
actuated by two-out-of-four low-flow signals. Above permissive P. 0,! low flow in either hot leg
actuates a reactor trip (see Section 7.2,.........
As specified in GDC 17 of 10 CFR Part 50, Appendix A, the effects of a loss of offsite power are
considered in evaluating partial loss of forced reactor coolant flow transients. As discussed in
subsection 15.0.14, the loss of offsite power is considered to be a potential consequence of the event
due to disruption of the electrical grid following a turbine trip during the event. A delay of 3 seconds
is assumed between the turbine trip and the loss of offsite power. In addition, turbine trip occurs 5.0
seconds following a reactor trip condition being reached. This delay on turbine trip is a feature of the
AP1000 reactor trip system. The primary effect of the loss of offsite power is to cause the remaining
operating reactor coolant pumps to coast down.

iDeleted: 8

F Deleted: ). Between approximately
I 0-percent power (permissive P 10) and
the power level corresponding to
permissive P8, low flow in both hot leg
actuates a reactor trip

"Deleted: and the power level
c.corresponding to permissive P8

Deleted:, low flow in both hot leg
actuates a reactor trip
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15.3.2.1 Identification of Causes and Accident Description

A complete loss of flow accident may result from a simultaneous loss of electrical supplies to the
reactor coolant pumps. If the reactor is at power at the time of the accident, the immediate effect of a
loss of coolant flow is a rapid increase in the coolant temperature.
Electric power for the reactor coolant pumps is supplied through buses, connected to the generator
through the unit auxiliary transformers. When a generator trip occurs, the buses receive power from
external power lines and the pumps continue to supply coolant flow to the core.
A complete loss of flow accident is a Condition III event (an infrequent fault), as defined in
subsection 15.0.1. The following signals provide protection against this event:

* Reactor coolant pump underspeed
* Low reactor coolant loop flow

The reactor trip on reactor coolant pump underspeed protects against conditions that can cause a loss
of voltage to the reactor coolant pumps. This function is blocked below approximately 10-percent
power (permissive P 10).
The reactor trip on reactor coolant pump underspeed is also provided to trip the reactor for an
underfrequency condition resulting from frequency disturbances on the power grid. If the maximum
grid frequency decay rate is less than approximately 5 hertz per second, this trip protects the core
from underfrequency events. WCAP-8424, Revision I (Reference 3), provides analyses of grid
frequency disturbances and the resulting protection requirements that are applicable to the AP 1000.
The reactor trip on low primary coolant loop flow is provided to protect against loss of flow
conditions that affect only one or two reactor coolant loop cold legs. This function is generated by
two-out-of-four low-flow signals per reactor coolant loop hot leg. Above permissive P10, low flow in
either hot leg actuates a reactor trip. ,4f the maximum grid frequency decay rate is less than
approximately 2.5 hertz per second, this trip function also protects the core from this underfrequency
event. This effect is described in WCAP-8424, Revision I (Reference 3).

Deleted: 8

- Deleted: Between approximately
I 0-percent power (permissive P l0) and
the power level corresponding to
permissive P8, low flow in both reactor
coolant hot legs actuates a reactor trip.

FDeleted: and the power level
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11.8 OVERTEMPERATURE/OVERPOWER AT REACTOR TRIP MODIFICATIONS

The OTDT and OPDT reactor trips protect the core against DNB and excessive kw/ft. Their original

formulas were selected for analog equipment requiring simple (and inexact) approximations for core

limits and the core power calculation. In addition, hot leg streaming occurrs in the hot leg of
pressurized water reactor systems. While the streaming effects on hot leg temperature measurement

can be accounted for by RTD calibration at the beginning of the fuel cycle, recalibration to address

changes in temperature streaming during fuel cycle operation are difficult. The use of modem

computer based equipment permits much more exact formulas for the OTDT and OPDT reactor trip
functions to be implemented. It also permits a simple recalibration of the measured core power as

often as desired to minimize the effects of hot leg temperature streaming on the core power

measurement. The result is a substantial reduction in the uncertainty of both the calculated reactor

thermal power and the allowable power based on the measured reactor operating conditions.

The changes can be considered in two parts:

I. More accurate and more easily monitorable AT power signal.

This change converts the linear AT approximation of thermal power to a true thermal power

signal by calculating enthalpy at the measured hot and cold leg temperatures and pressure, and

cold leg density at the cold leg temperature and pressure, and applying thermodynamic equations

for thermal power (based on constant cold leg volumetric flow). Dynamic compenastion is

applied to Tcold to compensate for transit times from the cold leg to the core, and independent

dynamic compensation applied to Thot to compensate for the transit time from the core to the hot
leg. The AT power signal can be directly compared with measured calorimetric reactor power.

The existing AT fommlation approximates the changes in density and heat capacity by modifying

the trip setpoint (including rate-of-change in Tavg), such that the existing AT signal cannot be

directly compared with the measured calorimetric power.

This modification includes the Technical specification requirement to maintain the AT power

signal within 1% RTP of the calorimetric power, monitoring that variation, and correcting when
and if necessary. This is very similar to the existing requirement to maintain the indicated neutron

flux signal with a certain percent of the measured calorimetric power. The comparison will be a

simple check done be shift operators.

2. Convert trip setpoint to input tables.
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The original OTDT design requires linearizing the non-linear core DNB limits. The revised

design change uses digital technology to input the non-linear core limits as tables.

The following text details all the changes that are rquired to implement this modification.

7.2.1.1.3 Core Heat Removal Trips

Overtemperature AT Reactor Trip

The overtemperature AT trip provides core protection to prevent departure from nucleate boiling for
combinations of pressure, power, coolant temperature, and axial power distribution. The protection is
provided if the transient is slow with respect to piping transient delays from the core to the
temperature detectors and pressure is within the range between the high and low pressure reactor
trips. This setpoint includes corrections for changes in density and heat capacity of water with
temperature and dynamic compensation for piping delays from the core to the loop temperature
detectors. With normal axial power distribution, this reactor trip limit is always below the core safety
limit. If axial peaks are greater than design, as indicated by the difference between upper and lower
power range nuclear detectors, the reactor trip is automatically reduced according to the following
calculation. Two hot leg temperature measurements per loop are combined with individual cold leg
temperature measurements to form four ATpower signa.lsk_, r. .

The AT power signal, gqA, is the calculated core power based on the properties of compressed water at
the measured hot leg T,1 cold leg temperature, Tc, and pressurizer pressure. PPzR:

_QI_ -- f(TI, •TC--P•PZR)

I -PKI h(Tc_,Zffi/R1AT 0

Where:

Tc = [(1s)/(1+t.s)]lo, where TCOLD is the measured cold leg temperature
(lead/lag compensation applied to compensate for cold leg-to-core transit time)

Deleted: and T,.,,

Inserted: power

T = [(l+ms)/n±!4s)_LIIOT. where TIOT is the measured hot leg temperature (leadlag
compensation applied to compensate for core-to-hot leg transit time)

o(TC PP_,) = density of water at cold leg temperature in the cold lee (Ty and
pressure, PpzR

h(T-P_.zR) = = enthalpy of water at the specified temperature (T1 or Tc) and
pressuIre PVZR

AT' = a conversion factor, such that the value ofq T is 100 percent at normal rated
thermal power

s = Lanflace transform onerator
s Laplace transform operator

The AT setpoint forthe overtemperature trip is continuously calculated, with one_ set of temperature
measurements per loop by interpolating from tabulated core safety limits, with correction (if needed)
for adverse axial power distribution.

-( Deleted: this
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OTATsp OTAT~p -=11 (W)

Where:

f1(AI) = the penalty associated with an adverse axial power distribution

OTAT~p = the core DNB thermal design limit with design axial power distribution

OTAT~p f_,_PZR Tc). The function, f(PT), is determined by interpolation from

specified tables of allowable core thermal power as a function of core inlet
temperature at various pressures.

P--Prad Tc, pressurizer pressure and cold leg temperature, are as defined previously

A reactor trip is initiated if qCAT> OTDT-p in two of the four divisions

[Two separate ionization chambers supply the upper and lower flux_signal for each overtermperature.
AT channel.

Increases in Aj beyond a predefined deadband results in a decrease in trip setpoint.

The required one pressurizer pressure parameter per loop is obtained from four separate sensors
connected to pressure taps at the top of the pressurizer.

Overpower AT Trip

The overpower AT reactor trip provides confidence of fuel integrity during overpower conditions,
limits the required range for overtemperature AT protection, and provides a backup to the power
range high neutron flux trip.

A reactor trip is initiated if the AT power signal. qT, exceeds the setpoint in two of the four divisions,

•jT> OPDTs =4_& - f,(Al).

Where

qAT is the same AT power signal used for the Overtemperature AT reactor trip

K4 A preset bias

f,(AI) A function of the neutron flux difference between upper and lower ionization
chamber flux signals; to correct, if necessary, for an adverse axial flux shape

Deleted: ¶
AT(I+ t4s)> AT tIAf setpoint, a(1l+ s)

reactor trip is initiated.¶
AT setpoint is calculated from the
following equation:¶

<#>ATsETPOINT ATo [K] - K,

¶
Where:¶
AT = Measured AT by resistance
temperature detector instrumentation¶
ATo = Indicated AT at rated thermal
powerl
T_, = Average reactor coolant
temperature ('F) ¶
T*, = Nominal T.,, at rated thermal
powerl
P = Pressurizer pressure (psig)¶
Po = Nominal operating pressure¶
K, = Presetbias¶
K2  Preset gain which compensates
for effects of temperature on the
departure from nucleate boiling limits¶
K3 = Preset gain which compensates
for effects of pressure on the departure
from nucleate boiling limits¶
T1, T, = Preset constants which
compensate for piping and instrument
time detay(s)¶
r4, T, = Preset constants used in lead-
lag compensator for ATl
fQ(Ap) = A function of the neutron
flux difference between upper and lower
ionization chamber flux signals ¶
Deleted: p

Deleted: The AT setpoint for this trip is
continuously calculated for each loop. ¶

If AT (+T4 >ATsetpoint,
(1l+,s) -

a reactor trip is initiated.

Deleted: ¶
AT setpoint is calculated from the
following equation:¶

<#> ATsETPOINT =ATo [K 4 - K5

¶
Where:¶
AT = Measured AT by resistance
temperature detector instrumentation¶
AT, = Indicated AT at rated thermal
poweil
f,(Aip) = A function of the neutron
flux difference between upper and lower
ionization chamber flux signals¶
Ks = A constant which is equal to zero
for decreasing T,.,¶
K, = A constant which is equal to zero
for T,,, less than T',,¶

Indicated T,,, at rated th!...rF241
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Increases in Al beyond a predefined deadband results in a decrease in trip setpoint
Fhe source of temperature and neutron flux information is identical to that of the overtemperature AT

trip, and the resultant AT setpoint is compared to the same measured AT power signal. Figure 7.2-1,
sheet 5, shows the logic for this trip function.

7.2.2.2.4 Conformance to Requirements on the Derivation of System Inputs for Reactor Trip
(Paragraph 6.4 of IEEE 603-1991)

To the extent feasible, inputs used for reactor trip are derived from signals that are direct
measurements of the desired variables. Two exceptions exist, overtemperature and overpower, which
cannot be directly measured. The process variables that do affect these parameters can be measured
and they are used to continuously calculate the setpoints.

The overtemperature AT trip setpoint is calculated from pressurizer pressure, reactor coolant
temperature, and nuclear axial power shape. The setpoint is compared against the measured AT power

Overpower AT is calculated from reactor coolant temperature and the nuclear axial power shape in
the core. This value is compared against the measured AT power signal.

-(Deleted: ¶
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2.0 SAFETY LIMITS (SLS)

SLS

2.1.1 Reactor Core SLs

In MODES 1 and 2, the combination of THERMAL POWER, Reactor Coolant
System (RCS) highest loo, cold leg temperature, and pressurizer pressure shall_ not - -(Deleted: average

exceed the limits specified in the COLR; and the following SLs shall not be
exceeded:

I

2.1.1.1 The departure from nucleate boiling ratio (DNBR) shall be maintained
> [1.14 for the WRB-2M DNB correlations].

2.1.1.2 The peak fuel centerline temperature shall be maintained < [5080"F,
decreasing by 58°F per 10,000 MWD/MTU of burnup].

2.1.2 RCS Pressure SL

In MODES 1, 2, 3, 4, and 5 the RCS pressure shall be maintained < 2733.5 psig.

TABLE 3.3.1-1 (PAGE 5 OF 5)

REACTOR TRIP SYSTEM INSTRUMENTATION

Note 1: Overtemperature AT

The AT power signal, cq^ shall not be less than the measured reactor thermal power by more than [11% of RTP. where
the AT power signal. MAT is computed as

- OqT = (Tc.P-Z)[h(TH.PPzR) - h(Tc.PPZ,),/AT°

where:

Tc = [(t+TSt/(1+'rs T o where T is the measured cold le[0 temerature, *F. with lead/lag compensation

applied to compensate for cold leg-to-core transit time

TH r(t+T3s)/(+T•S lTor where T a is the measured hot leg temperature. 'F. with lead/lag compensation
applied to compensate for core-to-hot leg transit time

S arl sec T ,5 1*1 sec

Tý ? [*lsec r5 5 [*] sec

ff..-P-zp) = density of water at the measured cold leg temperature in the cold leg (Tc). °F and measured
pressurizer pressure, Ppz,. psia

h(T.Ppzg) = enthalpy of water at the specified measured temperature (TA or T,.) and measured pressurizer
pressure, PPZR. psia

AT' = a conversion factor, such that the value of qA is 100 percent at normal rated thermal power

s = Laplace transform operator
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And the Overtemperature AT setpoint shall not exceed the following nominal Trip Setpoint by more than f0.2% of RTP for
T H O r : 0 .2 % o f R T P fo r T c OL D; 0 .0 6 % of R T P fo r p re s s u re : a n d 0 :1 4% o f R T P for A -l]R . - . . . . . . . . . . . . . . . .

-OTAT,=. OTATsp _z(Ai)

where:

fDeleted: Function Allowable Value

- Deleted: AT span

Deleted: AT (1+4 s) ATo Ki-K2-
(+1+ 5 S)

- OTAT~~ - Ir-zR , ,. ue LerFiIIWuy in terpota~LioII nomi taoie i j o, dIIUwauie core tinermd power as a

function of core inlet temperature at various pressures.

- Deleted: I
Pz and T, pressurizer oressure and cold leq temperature. are as defined above

f1(AI) = [* {n] + (qt - qb)} when q, - qb < -[*]% RTP

0% of RTP when -[*]% RTP < q, - qb 5 [*]% RTP

-*]{(q, - qb) - r]} when q, - qb > [*]% RTP

Where q, and qc, are percent RTP in the upper and lower halves of the core respectively, and q + qb is the
total THERMAL POWER in percent RTP.

*These values denoted with r] are specified in the COLR.

JNote 2: Overpower AT

The Overpower ATsetpoint shall not exceed the follow.ing norminal Trip Setpoint by more than [0.2% of RTP for THOT: and

0.2% of RTP for TCcL' -

OPDTsp = K. - f4Al)

Where: ,

f2(Al) = r]

*These values denoted with [*] are specified in the COLR.
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APPLICABLE SAFETY ANALYSES, LCOs, and APPLICABILITY

6. Overtemperature AT

The Overtemperature AT trip Function ensures that protection is
provided to ensure that the design limit DNBR is met. This trip
Function also limits the range over which the Overpower AT
trip Function must provide protection. The inputs to the
Overtemperature AT trip include all combinations of pressure,
power, coolant temperature, and axial power distribution,
assuming full reactor coolant flow. Protection from violating
the DNBR limit is assured for those transients that are slow with
respect to delays from the core to the measurement system. The
Overtemperature AT trip Function uses the measured T.IpT and
TCOLD in each loop, together with the measured pressurizer
pressure, to compute the reactor core thermal power. Equations
to fit the properties of density and enthalpy are programmed in
the software, such that the AT power signal is presented as a
percent of RTP for direct comparison with measured
calorimetric power. The overtemperature AT setpoint is
automatically varied for changes in the parameters that affect
DNB as follows:,------------------..

reactorcore inlet temperature -_the Trip Setpointis varied to__
correct for changes in, core inlet temperature based on
measured changes in cold leg temperature with dynamic
compensation to account for cold leg-to-core transit time;

" pressurizer pressure - the Trip Setpoint is varied to correct for
changes in system pressure; and

* axial power distribution - the Trip Setpoint is varied to account
for imbalances in the axial power distribution as detected by the
PMS upper and lower power range detectors. If axial peaks are
greater than the design limit, as indicated by the difference
between the upper and lower PMS power range detectors, the
Trip Setpoint is reduced in accordance with Note 1 of
Table 3.3.1-1.

Dynamic compensation of the AT power signal is included for
system piping delays from the core to the temperature
measurement system. The Overtemperature AT trip Function is
calculated for each loop as described in Note 1 of Table 3.3. 1-1.
This Function also provides a signal to generate a turbine
runback prior to reaching the Trip Setpoint. A turbine runback
will reduce turbine power and reactor power. A reduction in
power will normally alleviate the Overtemperature AT condition
and may prevent a reactor trip. No credit is taken in the safety

Deleted: each loop AT as a measure of

reactor power and is automatically varied

with the following parameters:

Deleted: coolant average

Deleted: coolant density and
specific heat capacity with changes in
coolant temperature
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analyses for the turbine runback.

The LCO requires four channels of the Overtemperature AT trip
Function to be OPERABLE in MODES I and 2. Four channels
are provided to permit one channel in trip or bypass indefinitely
and still ensure no single random failure will disable this trip
Function. Note that the Overtemperature AT Function receives
input from channels shared with other RTS Functions. Failures
that affect multiple Functions require entry into the Conditions
applicable to all affected Functions.

In MODE 1 or 2, the Overtemperature AT trip must be
OPERABLE to prevent DNB. In MODE 3, 4, 5, or 6, this trip
Function does not have to be OPERABLE because the reactor is
not operating and there is insufficient heat production to be
concerned about DNB.

7. Overpower AT

The Overpower AT trip Function ensures that protection is
provided to ensure the integrity of the fuel (i.e., no fuel pellet
melting and less than 1% cladding strain) under all possible
overpower conditions. This trip Function also limits the
required range of the Overtemperature AT trip function and
provides a backup to the Power Range Neutron Flux - High
Setpoint trip. The Overpower AT

trip Function ensures that the allowable heat generation rate
(kW/ft) of the fuel is not exceeded. It uses the same AT power
sigcazenerated for the Overtemperature AT, The setpoint is
automatically varied with the following parameters:

axial power distribution - the Trip Setpoint is varied to account for
imbalances in the axial power distribution as detected by the PMS upper
and lower power range detectors. If axial peaks are greater than the design
limit, as indicated by the difference between the upper and lower PMS
power range detectors, the Trip Setpoint is reduced in accordance with Note
2 of Table 3.3.1-1

Deleted: of each loop as a measure of
reactor power and

Deleted: reactor coolant average
temperature - the Trip Setpoint is varied
to correct for changes in coolant density
and specific heat capacity with changes in
coolant temperature; and

Deleted: rate of change ofreactor
coolant average temperature - including
dynamic compensation for the delays
between the core and the temperature
measurement system.¶
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11.9 FLUX DOUBLING/BORON DILUTION MODIFICATIONS

The "Flux Doubling" calculation is used to block a potential inadvertent boron dilution event during

shutdown conditions. The following paragraphs summarize the changes that have been made to it to

ensure that it can perform its safety function while permitting required operating flexibility during

normal plant operation.

Figure 7.2-1, Sheet 3 was changed to add a "one shot" function to the reset logic for the flux
doubling function. This is to prevent a standing logical "1" input from existing in the logic
whenever the intermediate range neutron flux is below the P-6 permissive setpoint. By doing so,
the Memory with Actuation Block or "L/R Latch" function in the reset path, that is an edge
dependent logic function, can accept a manual reset if required at some later time. The existing
logic, without this change, would prevent any manual reset of the function any time after reactor
shutdown until the P-6 permissive had been cleared during the following reactor startup. The
existing logic could, therefore, have prevented the operators from being able to reset the function
after it had been manually blocked during startup if the P-6 setpoint had not first been exceeded.
The result in such a case would have been a deliberate violation of the technical specifications.
The revised logic eliminates this potential conflict and will permit the function to be reset at any
time.

" Technical Specifications Table 3.3.2-1, Note (f) required the flux doubling calculation to be
active whenever below the P-6 setpoint. Reactor criticality normally occurs below the P-6
setpoint. The result of the note as written would be to have the boron dilution function actuate
every time that the operators intentionally attempt to perform a reactor startup. The revised Note
(f) supports the intended function of the flux doubling calculation to prevent inadvertent
criticality while permitting intended and required operations during routine reactor startup.

* The "Limiting Setpoint Assumed in Analyses" for "Boron dilution block on source range flux
doubling" in table 15.0-4a was increased from 1.6 to 2.2. The original setpoints selected for the
flux doubling calculation for the analysis of the postulated decrease in the reactor coolant system
boron concentration during shutdown as analyzed in Section 15.4.6 of the Accident Analyses
were 1.6 and 50 minutes. Boron dilution protection functions would be actuated if the source
range neutron flux were to increase by 60% (i.e., a factor of 1.6) during any rolling 50 minute
interval. An analysis of the setpoints indicate that there is a significant likelihood that they could
lead to inadvertent actuation of the boron dilution protection actions when the plant is shut down
and the flux doubling function is active, even if no actual change in core neutron multiplication
were occurring. This is due to the inherent variability of counting a discrete random process such
as the leakage of neutrons from a reactor core, especially at relatively low count rates. A
reanalysis of the event has been performed and it has been verified that an increase in the nominal
setpoint from 1.6 to 2.2 demonstrates acceptable results. This increase in the nominal setpoint
will substantially reduce the likelihood of inadvertent actuation during normal operation.

" The existing design realigns the makeup pump suction from the demineralized water tank to the
boric acid tank to terminate the potential boron dilution and to begin to reborate the reactor
coolant system to restore shutdown margin. These actions would initially cause the boron
dilution to continue because the volume of water in the makeup line path would still be unborated
until borated water from the boric acid tank began to reach the reactor coolant system. The
function was changed to close the makeup line isolation valves (as well as the demineralized
water isolation valves) to terminate the event as soon as possible. Long term recovery from the
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event would then be accomplished using either a different flow path with a smaller unpurged
volume or by using the makeup line after purging most of the unborated water in it.

The following text changes along with the logic changes on Figure 7.2-1, Sheet 3 are rquired to

implement this modication.

7.3.1.2.14 Boron Dilution Block

Signals to block boron dilution are generated from any of the following conditions:

1.
2.
3.

Excessive increasing rate of source range flux doubling signal .
Loss of ac power sources (low Class IE battery charger input voltage)
Reactor trip (Table 7.3-2, interlock P-4)

In the event of an excessive increasing rate of source range flux doubling signalIhe block of boron
dilution is accomplished by closing the chemical and volume control system makeup isolation valves
and__s0tg• the makeump.VU.m suction valves to the demineralized water storage tanksThis signal
also provides an non-safety trip of the maketup pmp . These actions terminate the supply of
pote• tha tuborated water to the reactor coolant system as quickly as possible.

Deleted: nuclear

- Deleted: power

Deleted: T

Deleted:, and

'Deleted: aligning the boric acid tank to
the reactor coolant system makeup pumps

In the event of a loss of ac power sources or a reactor trip (as indicated by P-4), the block of boron
dilution is accomplished by closing the makeup pump suction valves to the demineralized water
storage tanks and aligning the boric acid tank to the suction of the makeup pumps. This permits
makeup as needed but ensures that it will be from a borated source that will not reduce the available
shutdowvn margin in the reactor core.

Condition 1 is an average of the source range count rate, sampled at least N times over the most
recent time period TI, compared to a similar average taken at time period T2 earlier. If the ratio of the
current average count rate to the earlier average cotnt rate is greater than a preset value, a partial trip
is generated in the division. On a coincidence of excessively increasing source range neutron flux in
two of the four divisions, boron dilution is blocked. This source range flux doubling signal may be
manually blocked to permit plant startup and normal power operation. It is automatically reinstated
when reactor power is decreased below the P-6 power level during shutdown.

Condition 2 results from the loss of ac power. A short, preset time delay is provided to prevent
actuation upon momentary power fluctuations; however, actuation occurs before ac power is restored
by the onsite diesel generators. The loss of all ac power is detected by undervoltage sensors that are
connected to the input of each of the four Class 1 E battery chargers. Two sensors are connected to
each of the four battery charger inputs. The loss of ac power signal is based on the detection of an
undervoltage condition by each of the two sensors connected to two of the four battery chargers. The
two-out-of-four logic is based on an undervoltage to the battery chargers for divisions A or C
coincident with an undervoltage to the battery chargers for divisions B or D.

Condition 3 results from a reactor trip as indicated by the P-4 interlock.

The functional logic relating to the boron dilution block is illustrated in Figure 7.2-1, sheets 3 and 15.
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7.3.1.2.15 Chemical and Volume Control System Isolation

A signal to close the isolation valves of the chemical and volume control system is generated from
any of the following conditions:

1. High-2 pressurizer level

2. High-2 steam generator narrow range water level

3. Automatic or manual safeguards actuation signal (subsection 7.3.1.1) coincident with
High-I pressurizer level

4. High-2 containment radioactivity

5. Manual initiation

6. Excessive increasing rate of source range flux doubling signal

Condition 1 results from the coincidence of pressurizer level above the High-2 setpoint in any two of
the four divisions. This function can be manually blocked when the reactor coolant system pressure is
below the P-i19 permissive setpoint to permit pressurizer water solid conditions with the plant cold
and to permit pressurizer level makeup during plant cooldowns. This function is automatically
unblocked when reactor coolant system pressure is above the P-i19 setpoint.

Condition 2 results from a coincidence of two of the four divisions of narrow range steam generator
water level above the High-2 setpoint for either steam generator.

Condition 3 results from the coincidence of two of the four divisions of pressurizer level above the
High-I setpoint, coincident with an automatic or manual safeguards actuation.

Condition 4 results from the coincidence of containment radioactivity above the High-2 setpoint in
any two of the four divisions.

Condition 5 consists of two momentary controls. This action also initiates auxiliary spray and
letdown purification line isolation (subsection 7.3.1.2.18).

Condition 6 is an average of the source range count rate, sampled at least N times over the most
recent time period TI, compared to a similar average taken at time period T2 earlier. If the ratio of the
current average count rate to the earlier average count rate is greater than a preset value, a partial trip
is generated in the division. On a coincidence of excessively increasing source range neutron flux in
two of the four divisions, boron dilution is blocked. The Flux Doubling function is also delayed from
actuating each time the source range detector's high voltage power is energized to prevent a spurious
isolation due to the short term instability of the processed source range values. This source range flux
doubling signal may be manually blocked to permit plant startup and normal power operation. It is
automatically reinstated when reactor power is decreased below the P-6 power level during shutdown.

The functional logic relating to chemical and volume control system isolation is illustrated in
Figure 7.2-1, sheets L6 and 11.
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Table 7.3-1 (Sheet 6 of 8)

ENGINEERED SAFETY FEATURES ACTUATION SIGNALS

No. of

Channels/ Actuation

Actuation Signal Switches Logic Permissives and Interlocks

13. Block of Boron Dilution (Figure 7.2-I, Sheets 3 and 15)

a. Flux doubling calculation 4 2/4-BYP' Manual block permitted when critical
or intentionally approaching criticality
Automatically unblocked below P-6

b. Undervoltage to Class I E 2/charger 2/2 per charger None
battery chargers and 2/4

chargers
5

c. Reactor trip (P4) I/division 2/4 None

14. Chemical Volume Control System Isolation (See Figure 7.2-1, Sheets -3_6 and 11)

f. Flux doubling calculation 4 2/4-BYP' Manual block pennitted when critical
or intentionally approaching criticality
Automatically unblocked below P-6

' Deleted: above P-6
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Table 7.3-4 (Sheet 2 of 2)

ENGINEERED SAFETY FEATURES ACTUATION,
VARIABLES, LIMITS, RANGES, AND ACCURACIES

(NOMINAL)

Variables to be Typical Response

Monitored Range of Variables Typical Accuracy Time (Sec)

Pressurizer water level 0 to 100% of + 2.25% of span 1.2")
cylindrical portion of

pressurizer

Startup feedwater flow 0 to 1000 gpm 4.0% of span

Deleted: 11 I
Neutron flux (flux doubling I to 106 c/see ±•0%ofo qsp~an.

Deleted: .0 I
Ne..ul.tron. l ( d io s± p

Control room supply air
radiation level

10-7 to 10.2 I Ci/cc ± 5.0% of full scale
ueleted: 10

Deleted: "I

Containment radioactivity 10 to 107 R/hr J 5.0% of full scale 5.0(])

Notes:
I. Listed response time is the time for a step change of a variable, from 5% below to 5% above the

setpoint, to reach the actuated device.
2. Listed response time is the time for a negative 20% step change of steam line pressure to reach the

actuated device.
3. Response time depends on flux doubling calculation '( Deleted: time constant
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DCD Figure 9.3.6-1 Sheet Revisions

Sheet 1, Note 8 - Change text to read "...High I Pressurizer Level, High-High Radiation, or Flux

Doubling Signal"

Sheet 2, Note 3 - Add text "Pumps Stop on receipt of Flux Doubling Signal" to existing note.

Sheet 2, Note 8 - Remove text "A Source Range Flux Doubling Signal" from the existing note.

DCD Subsection 9.3.6.3.7 Revision

Makeup Line Containment Isolation Valves

These normally open, motor-operated globe valves provide containment isolation of the chemical and
volume control system makeup line and automatically close on a high-2 pressurizer level, high steam
generator level, or high-2 containment radiation signal from the protection and safety monitoring
system. The valves close on a sOurcc range flux doubtl.ngisinal to terninate possible unplanned

boron dilution events. The valves also close on a safeguards actuation signal coincident with high-I
pressurizer level. This allows the chemical and volume control system to continue providing reactor
coolant system makeup flow, if the makeup pumps are operating following a safeguards actuation
signal. These valves are also controlled by the reactor makeup control system and close when makeup
to other systems is provided. Manual control is provided in the main control room and at the remote
shutdown workstation.
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Table 15.0-4a (Sheet 2 of 2)

PROTECTION AND SAFETY MONITORING SYSTEM
SETPOINTS AND TIME DELAY ASSUMED IN ACCIDENT ANALYSES

Limiting Setpoint Time Delays

Function Assumed in Analyses (seconds)

"S" signal on high-I containment pressure 8 psig 2.0

Reactor coolant pump trip following "S" 15.0

PRHR actuation of high-3 pressurizer water 80% of span 2.0
level (plus 15.0-second

timer delay)

Chemical and volume control system isolation 67% of span 2.0
on high-2 pressurizer water level

Chemical and volume control system isolation 30% of span 2.0
on high-I pressurizer water level coincident
with "S" signal

Boron dilution block on source range flux
toublii Q

2 over 50 minutes X() (1
Deleted: 1.6

Deleted: t0

Deleted: .0

Deleted: multiplication
ADS Stage I actuation on core makeup tank
low level signal

67.5% of tank volume 20.0 seconds for control
valve to begin to open)

ADS Stage 4 actuation on core makeup tank 20% of tank volume 30.0 seconds for squib
low-low level signal I I valve to begin to open)
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Table 15.0-6 (Sheet 3 of 4)

PLANT SYSTEMS AND EQUIPMENT
AVAILABLE FOR TRANSIENT AND ACCIDENT CONDITIONS

Reactor ESF

Trip Actuation ESF and

Incident Functions Functions Other Equipment

Section 15.4 (Cont.)

Uncontrolled RCCA bank Power range high neutron - Pressurizer safety
withdrawal at power flux, high power range valves, steam generator

positive neutron flux rate, safety valves
overtemperature AT, over-
power AT, high pressurizer
pressure, high pressurizer
water level, manual

RCCA misalignment Overtemperature AT,
manual

Startup of an inactive Power range high flux, low
reactor coolant pump at an flow (P-8 interlock),
incorrect temperature manual

Chemical and volume
control system malfunction
that results in a decrease in
boron concentration in the
reactor coolant

Source range high flux,
overtemperature AT,
manual

Source range flux
doubling

Deleted: Low insertion limit
annunciators

CVS to RCS isolation
valves. makeup pump
suction isolation valves
from the demincralized
water transter and
storage system

Spectrum of RCCA ejection Power range high flux, high - Pressurizer safety
accidents I positive flux rate, manual valves
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15.4.6.1 Identification of Causes and Accident Description

Other than control rod withdrawal, the principal means of positive reactivity insertion to the core

is the addition of unborated, primary-grade water from the demineralized water transfer and

storage system into the reactor coolant system through the reactor makeup portion of the chemical

and volume control system. Normal boron dilution with these systems is manually initiated under

strict administrative controls requiring close operator surveillance. Procedures limit the rate and

duration of the dilution. A boric acid blend system is available to allow the operator to match the

makeup water boron concentration to that of the reactor coolant system during normal charging.

An inadvertent boron dilution is caused by the failure of the demineralized water transfer and
storage system or chemical and volume control system, either by controller, operator or
mechanical failure. The chemical and volume control system and demineralized water transfer
and storage system are designed to limit, even under various postulated failure modes, the
potential rate of dilution to values that, with indication by alarms and instrumentation, allowing
sufficient time for automatic or operator response to terminate the dilution.
An inadvertent dilution from the demineralized water transfer and storage system through the
chemical and volume control system may be terminated by isolating the makeup flow to the
reactor coolant system, by isolating the makeup pump suction line to the demineralized water
transfer and storage system storage tank or by tripping the makeup pumnpsLost shutdown margin
may be regained by -adding borated water (greater than 4000 ppm) to the reactor coolant system
from the boric acid tank.
Generally, to dilute, the operator performs two actions:

* Switch control of the makeup from the automatic makeup mode to the dilute
mode.

* Start the chemical and volume control system makeup pumps.

Failure to carry out either of those actions prevents initiation of dilution. Because the AP1000
chemical and volume control system makeup pumps do not run continuously (they are expected
to be operated once per day to make up for reactor coolant system leakage), a makeup pump is
started when the volume control system is placed into dilute mode.
The status of the reactor coolant system makeup is available to the operator by the following:

* Indication of the boric acid and blended flow rates

* Chemical and volume control system makeup pumps status

* Deviation alarms, if the boric acid or blended flow rates deviate by more than
the specified tolerance from the preset values

* When reactor is subcritical

- High flux at shutdown alarm
- Indicated source range neutron flux count rates
- Audible source range neutron flux count rate
- Source range neutron flux-multiplication alarm

I Deleted:. I
FDeleted: Flow from the demneralized

water transfer and storage system, which
is the source of unborated water, may be
terminated by closing isolation valves in
the chemical and volume control system.

Deleted: opening the isolation valve to
the boric acid tank and thus allowing the
addition of
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* When the reactor is critical

- Axial flux difference alarm (reactor power >_ 50 percent rated thermal
power)

- Control rod insertion limit low and low-low alarms
- Overtemperature AT alarm (at power)
- Overtemperature AT reactor trip
- Power range neutron flux-high, both high and low setpoint reactor trips.

This event is a Condition 11 incident (a fault of moderate frequency), as defined in

subsection 15.0.1.
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15.4.6.2.2 Dilution During Cold Shutdown (Mode 5)

The following conditions are assumed for inadvertent boron dilution while in this operating
mode:

" A dilution flow ofjj7.ý gpm of unborated water exists.

* A volume of,2592.5 ft3 is a conservative estimate of the minimum active reactor coolant -.

system volume corresponding to the water level at mid-loop in the vessel while on
normal residual heat removal. The assumed active volume does not include the volume of
the reactor vessel upper head region.

" Control rods are fully inserted, which is the normal condition in cold shutdown and a
critical boron concentration of 1 ppm._This is a conservative boron concentration with...
control rods inserted and allows for the most reactive rod to be stuck in the fully
withdrawn position.

" The shutdown margin is equal to 1.6-percent Ak/k, the minimum value required by the
Technical Specifications for the cold shutdown mode. Combined with the preceding, this
gives a shutdown boron concentration of,1 675 ppm.

* ,At least one reactor coolant.punil.... .enormal! q$eri u.g...plant_ Heration in
Mode 5. It may be possiblc under some conditions, however, to operate the plant it)
Mode 5 with no reactor coolant pumps operating. For this reason, the mixing volume
assumed for the analysis in Mode 5 will include the reactor coolant loop and normal
residual heat removal system volumes that are being actively mixed bv the residual heat
removal system pumps.

* Deleted: 200

• -[ Deleted: 2402

I Deleted: 955

Deleted: 1135

Deleted: The reactor coolant system
dilution volume is considered well-
mixed. The Technical Specifications
require that when in Mode 5, at least one
reactor coolant pump shall be operable,
which provides sufficient flow through
the system to maintain the system well
mixed. If a reactor coolant pump is not
operating, the demineralized water
isolation valves are closed and an
uncontrolled boron dilution transient
cannot occur, as discussed in
section 15.4.6.2.1.

Deleted: of 60 percent of

Deleted: detection

Deleted: of the
I

In the event of an inadvertent boron dilution transient during cold shutdown, the source range

nuclear instrumentation detects an increaseijn the neutron flux by comparing the current source

range flux to that of about 50 minutes earlier. Upon detecting a sufficiently large .lux increase,_an

alarm is sounded for the operator, and valves are actuated to terminate the dilution automatically.

• . ... .. ... . . . .... . .... . .... . . . .... . . . . . . . . . . . . . ... .... ... . . .. ... .. .... . . . . .. .

Upon the actuation of a source range flux doubling signal, the makeup flow to the reactor coolant

system and the makeutp pump suction line to the detnineralized water transfer and storage system

storag~e tank are isolated, thereby terminating the dilution. In addition, the makeup pumps are
tripped for equipment protection only.

Deleted: Upon any reactor trip signal,
source range flux multiplication signal,
low input voltage to the Class IE dc and
uninterruptable power supply system
battery chargers, or safety injection
signal, a safety function automatically
isolates the potentially unborated water
from the demineralized water transfer and
storage system and thereby terminates the
dilution. The suction lines for the
chemical and volume control system
pumps are automatically realigned to
draw borated (greater than 4000 ppm)
water from the chemical and volume
control system boric acid tank. The
realignment of the chemical and volume
control system valves to terminate the
dilution is a safety-related function. The
realignment of pump suction to the boric
acid tank is a nonsafety-related operation.
The chemical and volume control system
pumps are nonsafety-related, so their
operation is not credited in the analysis.
The analysis does consider the initial
portion of this boration phase by treating
it as a continuing dilution until any
unborated water in the chemical and
volume control system lines is purged.
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The automatic protective actions initiate about 1I1 minutes after the start of dilution. These

automatic actions minimize the approach to criticality and maintain the plant in a subcritical

condition. After the automatic protection functions take place, the operator may take action to

restore the Technical Specification shutdown margin.

Deleted: 12.03

15.4.6.2.3 Dilution During Safe Shutdown (Mode 4)

The following conditions are assumed for an inadvertent boron dilution while in this mode:

" A dilution flow of) 75 gpm of unborated water exists.

* Reactor coolant system water volume is.7539.8 ft3. This is a conservative estimate of the
minimum active volume of the reactor coolant system while on normal residual heat
removal.

* All control rods are fully inserted, except the most reactive rod which is assumed stuck in
the fully withdrawn position, and a conservative critical boron concentration of J449
ppm.

* The shutdown margin is equal to 1.6-percent k/k, the minimum value required by the
Technical Specifications for the hot shutdown mode. This gives a shutdown boron
concentration of 1,_649 ppim..

" The reactor coolant system dilution volume is considered well-mixed. The Technical
Specifications require that when in Mode 4, at least one reactor coolant pump shall be
operable, which provides sufficient flow through the system to maintain the system
well-mixed. If a reactor coolant pump is not operating, the demineralized water isolation
valves are closed and an uncontrolled boron dilution transient cannot occur, as discussed
in section 15.4.6.2.1.

In the event of an inadvertent boron dilution transient during safe shutdown, the source range

nuclear instrumentation detects a sufficiently laree increasein the neutron flux., automatically.
initiates valve movement to terminate the dilution, and sounds an alarm.

Upon the actuation of a source range flux doubling signal. the makeup flow to the reactor coolant

system and the makeup pump suction line to the demineralized water transfer and storage system

storage tank are isolated, thereby terminating the dilution. In addition, the makeup pumps are
tripped for equipment protection ony_. The protective actions initiate about,. minutes after the

start of the dilution. No operator action is required to terminate this transient.

•_Deleted: 200 _

{-eee:2805 __

Deleted: 898

Deleted: 1083

Deleted: an

Deleted: of 60 percent of

FDeleted: ¶
As in Mode 5, the safety analysis

considers the potential penalty of the
subsequent nonsafety-related boration
function by accounting for Uhe purge
volume associated with the chemical and
volume control system piping.

Deleted: 12.3
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15.4.6.2.4 Dilution During Hot Standby (Mode 3)

The following conditions are assumed for an inadvertent boron dilution while in this mode:

" A dilution flow ofj 7.5 gpm of unborated water exists.

* The reactor coolant system volume is _539.8 ft3. This is a conservative estimate of the
minimum active volume of the reactor coolant system with the reactor coolant system
filled and vented and one reactor coolant pump running.

* Critical boron concentration is _128 ppm. This is a conservative boron concentration
assuming control rods are fully inserted minus the most reactive rod, which is assumed
stuck in the fully withdrawn position.

" The shutdown margin is equal to 1.6-percent k/k, the minimum value required by the
Technical Specifications for the hot standby mode. This gives a shutdown boron
concentration ofj1_9 ppm.

* The reactor coolant system dilution volume is considered well-mixed. The Technical
Specifications require that when in Mode 3, at least one reactor coolant pump shall be
operable, which provides sufficient flow through the system to maintain the system well
mixed. If a reactor coolant pump is not operating, the demineralized water isolation
valves are closed and an uncontrolled boron dilution transient cannot occur, as discussed
in section 15.4.6.2.1.

In the event of an inadvertent boron dilution transient in hot standby, the source range nuclear
instrumentation detects 4t sufficiently large increase ,n of the neutron_flux, automatically initiates
valve movement to terminate the dilution, and sounds an alarm.
UIpon the actuation of a source range flux doubling signal, the makeup flow to the reactor coolant
system and the makeup pump suction line to the dernineralized water transfer and storage system
storage tank are isolated. thereby terminating the dilution. In addition, the makeup tpumps are
tripped for eriipte __protection only.

,Protective actions initiate about Q2 minutes after start of-dilution. No operator.action is required

to terminate this transient.

Deleted: 200

I Deleted: 7300

Deleted: 655

Deleted: 867

Deleted: an -

Deleted: of 60 percent

Deleted, As in the analyses for Modes
4 and 5, the only consideration of the
boration function in safety analysis is to
account for the additional dilution effect
due to the purge volume associated with
the chemical and volume control system
piping.

Deleted: 56.3
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15.4.6.2.5 Dilution During Startup (Mode 2)

The plant is in the startup mode only for startup testing at the beginning of each cycle. During this
mode of operation, rod control is in manual. Normal actions taken to change power level, either
up or down, require operator actuation. The Technical Specifications require an available
shutdown margin of 1.6-percent Ak/k and four reactor coolant pumps operating. Other conditions
assumed are the following:

" There is a dilution flow of 200 gpm of unborated water.

" Minimum reactor coolant system water volume is 8126 ft3. This is a very conservative
estimate of the active reactor coolant system volume, minus the pressurizer volume.

" An initial maximum critical boron concentration, corresponding to the rods inserted to
the insertion limits, is 1327 ppm. The minimum change in boron concentration from this
initial condition to a hot zero power critical condition with all rods inserted is 1088 ppm.
Full rod insertion, minus the most reactive stuck rod, occurs because of reactor trip.

This mode of operation is a transitory operational mode in which the operator intentionally dilutes

and withdraws control rods to take the plant critical. During this mode, the plant is in manual

control. For a normal approach to criticality, the operator manually withdraws control rods and

dilutes the reactor coolant with unborated water at controlled rates until criticality is achieved

Once critical, the power escalation is slow enough to allow the operator to manually block the

source range reactor trip after receiving the P-6 permissive signal from the intermediate range

detectors (nominally at 105 cps). Too fast a power escalation (due to an unknown dilution) would

result in reaching P-6 unexpectedly, leaving insufficient time to manually block the source range

reactor trip. Failure to perform this manual action results in a reactor trip and immediate

shutdown of the reactor.

Upon the actuation of a source range flux doubling signal, the makeup flow to the reactor coolant

system and the makeup pump suclion line to the demincralized water transfer and storage system

storage tank are isolated. thereby terminating the dilution. In addition, the makeup pumps are

tripped for equipment protection only. Dring an intentional approach to criticality, the operator

can manually block the source range flux doubling function. During this period, special attention
is given to reactivity control by the plant operators. Also, the source range and intermediate

range reactor trips are available to trip the control rods that are withdrawn by such a point in the

startup of the reactor.

Upon any reactor trip signaLor low input voltage to the Class IE dc and uninterruptable power e

supply system battery chargers, ,a safety-related function automatically isolates the potentially

unborated water from the demineralized water transfer and storage system and thereby terminates

the dilution. Additionally, the suction lines for the chemical and volume control system pumps

are automatically realigned to draw borated water from the chemical and volume control system

boric acid tank.

APP-GW-GLR-080 r0.doc

L Deleted: initiates a limited dilution and
then manually withdraws the control
rods, a process that takes several hours.
The Technical Specifications require that
the operator determine the estimated
critical position of the control rods prior
to approaching criticality and thus
provide confidence that the reactor does
not go critical with the control rods below
the insertion limits.

- Deleted: ,source range flux
multiplication signal,

* Deleted: or a safety injection signal,
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After reactor trip, the dilution would have to continue for approximately 383 minutes to

overcome the available shutdown margin. Even assuming that the nonsafety-related boration

operation does not occur, the unborated water that may remain in the purge volume of the

chemical and volume control system is not sufficient to return the reactor to criticality. Therefore,

the automatic termination of the dilution flow from the demineralized water transfer and storage

system prevents a post-trip return to criticality.

Deleted: Because the realignment of
the suction for the chemical and volume
control system pumps to the boric acid
tank is a nonsafety-related operation, the
only consideration given to the reboration
phase of the event in the safety analysis is
the unborated chemical and volume
control system purge volume. Events are
shown in Table 15.4-1.
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3.1.9 Chemical and Volume Control System (CVS) Demineralized Water Isolation Valves
and Makeup Line Isolation Valves

LCO 3.1.9 Two CVS Demineralized Water Isolation Valves shall be
OPERABLE.

APPLICABILITY: MODES 1, 2, 3, 4, and 5.

ACTIONS

CONDITION REQUIRED ACTION COMPLETION TIME

A. One CVS demineralized A.1 Restore two CVS 72 hours
water isolation valve or demineralized water
one makeup line isolation valves and two
isolation valve makeup line isolation
inoperable, valves to OPERABLE

status.

B. Required Action and
associated Completion
Time of Condition not
met.

OR

Two CVS demineralized
water isolation valves or
two makeup line
isolation valves
inoperable.

B.1
- NOTE -

Flow path(s) may be
unisolated intermittently
under administrative
controls.

Isolate the flow path from
the demineralized water
storage tank to the Reactor
Coolant System by use of
at least one closed manual
or one closed and
de-activated automatic
valve.

-( Deleted: B.1
1 hour

SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY

SR 3.1.9.1 Verify two CVS demineralized water isolation valves In accordance with
and two makeup line isolation valves are OPERABLE the Inservice
by stroking the valve closed. Testing Program
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B 3.1.9 Chemical and Volume Control System (CVS) Demineralized Water Isolation Valves

BASES

BACKGROUND One of the principle functions of the CVS system is to maintain the

reactor coolant chemistry conditions by controlling the concentration of

boron in the coolant for plant startups, normal dilution to compensate for

fuel depletion, and shutdown boration. In the dilute mode of operation,

unborated demineralized water may be supplied directly to the reactor

coolant system.

Although the CVS is not considered a safety related system, certain

functions of the system are considered safety related functions. The

appropriate components have been classified and designed as safety

related. The safety related functions provided by the CVS include

containment isolation of chemical and volume control system lines

penetrating containment, termination of inadvertent boron dilution, and

preservation of the Reactor Coolant System (RCS) pressure boundary,

including isolation of CVS letdown from the RCS.
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APPLICABLE

SAFETY

ANALYSES

One of the initial assumptions in the analysis of an inadvertent boron

dilution event (Ref. 1) is the assumption that the increase in core

reactivity, created by the dilution event, can be detected by the source

range instrumentation. The source range instrumentation will then supply

a signal to the demineralized water isolation valves and the makeup line

isolation valves in the CVS causing these valves to close and terminate

the boron dilution event. Thus the makeup line isolation valves and the

demineralized water isolation valves are components which function to. LDeleted: 00

mitigate or prevent an AO.

CVS isolation valves satisfy Criterion 3 of 10 CFR 50,36(c)(2)(ii).

LCO The requirement that at least two demineralized water isolation valves

and two makeup line isolation valves be OPERABLE assures that there

will be redundant means available to terminate or prevent an inadvertent

boron dilution event.

APPLICABILITY The requirement that at least two demineralized water isolation valves

and two makeup line isolation valves be OPERABLE is applicable in

MODES 1, 2, 3, 4, and 5 because a boron dilution event is considered

possible in these MODES, and the automatic closure of these valves is

assumed in the safety analysis.
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BASES

APPLICABILITY (continued)

In MODES 1 and 2, the detection and mitigation of a boron dilution event

does not assume the detection of the event by the source range
instrumentation. In these MODES, the event would be signalled by an

intermediate range trip, a trip on the Power Range Neutron Flux - High

(low setpoint nominally at 25% RTP), or Overtemperature delta T. The

two demineralized water isolation valves close automatically upon reactor

trip.

In MODE 6, a dilution event is precluded by the requirement in LCO 3.9.2
to close, lock and secure at least one valve in each unborated water

source flow path.
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ACTIONS A.1

If only one demineralized water isolation valve or makeup line isolation

valve is OPERABLE, the second valve must be restored to OPERABLE

status in 72 hours. The allowed Completion Time assures expeditious
action will be taken, and is acceptable because the safety function of

automatically isolating the clean water source can be accomplished by

the redundant demineralized water isolation valve.

B.1

If the Required Actions and associated Completion Time of Condition A

are not met, or if both CVS demineralized water isolation valves or both
makeup line isolation valves are not OPERABLE (i.e., not able to be

closed automatically), then the demineralized water supply flow path to
the RCS must be isolated. Isolation can be accomplished by manually

isolating the CVS demineralized water isolation valve(s) or by positioning

the 3-way blend valve to only take suction from the boric acid tank.
Alternatively, the dilution path may be isolated by closing appropriate

isolation valve(s) in the flow path(s) from the demineralized water storage

tank to the reactor coolant system.

The Action is modified by a Note allowing the flow path to be unisolated

intermittently under administrative controls. These administrative controls

consist of stationing a dedicated operator at the valve controls, who is in
continuous communication with the main control room. In this way, the

flow path can be rapidly isolated when a need for isolation is indicated.
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BASES

SURVEILLANCE SR 3.1.9.1

REQUIREMENTS

Verification that the CVS demineralized water isolation valves and

makeup line isolation valves are OPERABLE, by stroking each valve

closed, demonstrates that the valves can perform their safety related

function. The Frequency is in accordance with the Inservice Testing

Program.

REFERENCES 1. Chapter 15, "Accident Analysis."
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TABLE 3.3.2-1 (PAGE 9 OF 13)
ENGINEERED SAFEGUARDS ACTUATION SYSTEM INSTRUMENTATION

APPLICABLE

MODES OR
OTHER

SPECIFIED REQUIRED SURVEILLANCE ALLOWABLE TRIP
FUNCTION CONDITIONS CHANNELS CONDITIONS REQUIREMENTS VALUE SETPOINT

15. Boron Dilution Block

a. Source Range
Neutron Flux,

Doubling

2(),L,4 ) 4 B,T SR 3.3.2.1
SR 3.3.2.4
SR 3.3.2.5
SR 3.3.2.6

5(') 4 B,P SR 3.3.2.1
SR 3.3.2.4
SR 3.3.2.5
SR 3.3.2.6

Refer to Function 18.a (ESFAS Interlocks, Reactor Trip, P-4) for all requirements.

1,2,3,4(') 4 divisions B,T SR 3.3.2.3
SR 3.3.2.4

5(m) 4 divisions BP SR 3.3.2.3
SR 3.3.2.4

< Source
Range Flu Deleted: Multiplication

V. 2 in 50
minutes Deleted: 1.6

< Source
Range Flux X

V. in 50 Deleted: 1.6
minutes

[ [343) V*

[ (343] V-

b. Reactor Trip

c. Battery Charger
Input Voltage - Low

(0 Not applicable when critical or during intentional approach to criticality.

(.) With the RCS not being cooled by the Normal Residual Heat Removal System (RNS).

(m) Not applicable for valve isolation Functions whose associated flow path is isolated.

(p) Above the P-19 (RCS Pressure) interlock.

Deleted: Below the P-6
(Intermediate Range Neutron Flux)
interlocks.
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ESFAS Instrumentation
B 3.3.2

BASES

APPLICABLE SAFETY ANALYSES, LCOs and APPLICABILITY (continued)

15. Boron Dilution Block

The block of boron dilution is accomplished by closing the
CVS suction valves to demineralized water storage tanks,
and aligning the boric acid tank to the CVS makeup
pumps. This Function is actuated by Source Range
Neutron Flux Multiplication, Reactor Trip, and Battery
Charger Input Voltage - Low.

15.a. Source Range Neutron Flux Multiplication

A signal to block boron dilution in MODES 2 or 3, when not
critical or during an intentional approach to criticality,,and ..........
MODES4,. or 5 is derived from source range neutron flow

increasing at an excessive rate (source range flux doubling)..
This Function is not applicable in MODES 4 and 5 if the
demineralized water makeup flowpath is isolated. The source
range neutron detectors are used for this Function. The LCO
requires four divisions to be OPERABLE. There are four
divisions and two-out-of-four logic is used. On a coincidence
of excessively increasing source range neutron Jlux in two of
the four divisions, demineralized water isjisolated from the
makeup pumps and reactor coolant makeup is isolated from
the reactor coolant system to preclude a boron dilution event.
In MODE 6, a dilution event is precluded by the requirement in
LCO 3.9.2 to close, lock and secure at least one valve in each
unborated water source flow path

Deleted: below the P-6 interlock

Deleted: 3,

Deleted: flow multiplication

D flow

"Deleted: makeup

15.c. Battery Charger Input Voltage - Low

,Demineralized water is isolated and the Makeup Pumps are
aligned to the BAT by the loss of ac power. A short, preset
time delay is provide to prevent actuation upon momentary
power fluctuations; however, actuation occurs before ac power
is restored by the onsite diesel generators. The loss of all ac
power is detected by undervoltage sensors that are connected
to the input of each of the four Class 1 E battery chargers. The
loss of ac power signal is based on the detection of an

j Deleted: Block of boron dilution is
t also actuated from
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undervoltage condition, by each of the two sensors connected
to two of the four battery chargers. This Function is required
to be OPERABLE in MODES 1, 2, 3, 4, and 5. This Function
is not applicable in MODES 4 and 5 if the associated flowpath
is closed. In MODE 6, a dilution event is precluded by the
requirement in LCO 3.9.2 to close, lock and secure at least
one valve in each unborated water source flow path.

18.c. Intermediate Range Neutron Flux, P-6

The Intermediate Range Neutron Flux, P-6 interlock is
actuated when the respective NIS intermediate range channel
goes approximately one decade above the minimum channel
reading. Below the setpoint, the P-6 interlock automatically.
unblocks the flux doublinq function, permitting the block of
born dilution. Normally, this Function is blocked by the main
control room operator during reactor startup. This Function is
required to be OPERABLE in MODE 2.

J

- Deleted: Above the setpoint. the P-6
interlock allows a manual block of the
flux multiplication actuation,
permitting block of boron dilution.
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11.10 MANUAL ISOLATION OF INDIVIDUAL STEAMLINES

Manual isolation of individual steamlines has been removed from the protection system functions.

The function has been changed to be a true system-level actuation function consistent with traditional

Westinghouse practice and the requirements of IEEE-603. The operation of either manual control

will cause the isolation of both steam lines. This change to the design is consistent with the accident

analysis as discussed in DCD Chapter 15.Manual isolation of both steamlines, therefore, continues to

be available from the protection system and manual control of individual steamline isolation valves is

available through the plant control system. See Figure 7.2-1, Sheet 9.

Revise Section 7.3.1.2.10 as shown:

7.3.1.2.10 Steam Line Isolation

A signal to isolate the steam line is generated from any one of the following conditions:

1. Manual initiation
2. High-2 containment pressure
3. Low lead-lag compensated steam line pressure
4. High steam line pressure negative rate
5. Low reactor coolant inlet temperature

The steam line isolation signal closes the main steam line isolation valves and the stop and
bypass valves. In addition to manual system-level steam line isolation, steam line isolation
valves can be closed individually via the non-safety plant control system.

Condition 1 consists of two momentary controls. Manual actuation of either of the two
controls initiates steam line isolation for both steam generators.,-....................

Deleted: In addition, separate controls
are provided for steam line isolation of
each individual steam generator.
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11.11 AUXILIARY SPRAY ISOLATION FUNCTION

The existing design combined the isolation of the pressurizer auxiliary spray line and the purification
line. Though it is not a safety function, the auxiliary spray is the preferred method to depressurize the

reactor coolant system for some plant cooldown scenarios and for a postulated steam generator tube
rupture. A separate manual block of the Auxiliary Spray Isolation function is being added in order to

allow the pressurizer auxiliary spray to be available to rapidly depressurize the reactor coolant system

for such events. This change requires additions to Section 7.3.1.2.18 and Table 7.3-3 along with the

modification of Figure 7.2-1, Sheet 12, as shown below.

7.3.1.2.18 Auxiliary Spray and Letdown Purification Line Isolation

A signal to isolate the auxiliary spray and letdown purification lines is generated upon the
coincidence of pressurizer level below the Low-1 setpoint in any two of four divisions. This
helps to maintain reactor coolant system inventory. This function can be manually blocked
when the pressurizer water level is below the P-12 setpoint. This function is automatically
unblocked when the pressurizer water level is above the P-12 setpoint. The auxiliary spray
isolation function can be manually blocked anytime to allow the operators to use the auxiliary
spray to rapidly depressurize the reactor coolant system. The functional logic relating to this
is illustrated in Figure 7.2-1, sheet 12.

Table 7.3-3 (Sheet I of 2)

SYSTEM-LEVEL MANUAL INPUT TO THE
ENGINEERED SAFETY FEATURES ACTUATION SYSTEM

To Figure

Manual Control Divisions 7.2-1 Sheet

Pressurizer pressure safeguards block control #4 D 11

Auxiliary Spray Isolation block control C 12

Manual core makeup tank injection actuation #1 A B C D 12

APP-GW-GLR-080 rO.doc



WESTINGHOUSE ELECTRIC COMPANY LLC
AP1000 Licensing Design Change Document Page 85 of 183

Document Number: APP-GW-GLR-080 Revision Number: 0
Title: Mark-up of AP1000 Design Control Document Chapter 7

11.12 REMOVAL OF LOW-2 RCS HOT LEG SIGNAL FROM IRWST INJECTION LOGIC.

Low-2 RCS Hot Leg Level,as shown on Figure 7.2-1, Sheet 16 is an input to the 4 1h Stage ADS

Actuation performed on Sheet 15. This same signal along with the 4 th stage ADS Actuation signal are

input to the logic on Sheet 16 that opens the IRWST injection valves. The separate Low-2 level

signal input is, therefore, redundant to the 4 th Stage ADS Actuation input to open the IRWST

injection vales. It serves no additional purpose and has been removed from the design.

This change requires the removal of the Low-2 RCS Hot Leg Level signal going to the OR gate above

the "OPEN IRWRST INJECTION VALVES" Box on Figure 7.2-1, Sheet 16, removal of the text

"OR A LOW HL LEVEL SIGNAL" from Note 20 on Figure 6.3-2, modifying Table 7.3-2 (Sheet 3

of 4), and Section B 3.3.2.

BASES

APPLICABLE SAFETY ANALYSES, LCOs, and APPLICABILITY (continued)

18.d. Pressurizer Level, P-12

The P-12 interlock is provided to permit mid-loop operation
without core makeup tank actuation, reactor coolant pump trip_ Deleted: IRWST actuation
or purification line isolation. With pressurizer level channels
less than the P-12 setpoint, the

operator can manually block low pressurizer level signal used
for these actuations. Concurrent with blocking CMT actuation
on low pressurizer level, ADS 41h Stage actuation on Low 2.. Deleted: IRWST
RCS hot leg level is enabled. When the pressurizer level is
above the P-12 setpoint, the pressurizer level signal is
automatically enabled and a confirmatory open signal is issued
to the isolation valves on the CMT cold leg balance lines. This
Function is required to be OPERABLE in MODES 1, 2, 3, 4, 5,
and 6.
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11.13 CREATION OF NEW PERMISSIVE P-3 FOR SAFEGUARDS ACTUATION BLOCK

The current design allows the Safeguards Actuation Block when P-4 is true. P4 is true when either a

Reactor Trip command is active or the Reactor Trip Breaker is open. While P-4 is sufficient to allow

the block of the Safeguards Function, it does not guarantee that the Reactor Breakers are open and by

extension that the rods have dropped. By creating a separate permissive (i.e., P-3) that is only true

when the Reactor Breakers are open, there is one less assumption about the assurance that negative

reactivity has been added to the core. This would allow a higher confidence that adequate shutdown

margin exists when the operator blocks/resets the Safeguards Signal.

Changes to Table 7.3-1 are necessary to accurately reflect the logic in the PMS. The P-3 permissive

is interlocked with the Manual Block of the Automatic Safeguards actuations. This block needs to be

included in the table in the Permissives and Interlocks column for the automatic signals. The portion

of the safeguards block that is interlocked with P-3 does not affect the manual safeguards initiation;

therefore, the Permissives and Interlocks column should read "None".

This change requires modifications to Figure 7.2-1, Sheets 2 and 11, text changes to Section 7.3.1.1,

modifications of Table 7.3-1 (Sheet 1 of 8), Table 7.3-2 (Sheet 1 of 4), Technical Specifications Table

3.3.2-1 and Section B 3.3.2.

7.3.1.1 Safeguards Actuation (S) Signal

To permit startup and cooldown, the safeguards actuation signals generated from low
pressurizer pressure, low steam line pressure, or low reactor coolant inlet temperature can be
manually blocked when pressurizer pressure is below the P- 11 setpoint. The signal is
automatically unblocked when the pressurizer pressure is above the P-II setpoint.

Separate momentary controls are provided, each of which will manually reset the safeguards
actuation signal in a single division. Manual reset of a safeguards actuation signal in
coincidence with reactor trip breaker open (P-3)_block-s_the safeguards actuation signal.
Absence of P-_3automatically resets the blocking function. The safeguards actuation signal is
manually reset based on a preset delay following initiation. Resetting the signal does not
reposition any safeguards actuated equipment, since individual components are required to
latch in and seal on the safeguards actuation signal.

Deleted: 4

Deleted: 4
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Table 7.3-1 (Sheet I of 8)

ENGINEERED SAFETY FEATURES ACTUATION SIGNALS

No. of
Channels/ Actuation

Actuation Signal Switches Logic Permissives and Interlocks

1. Safeguards Actuation Signal (Figure 7.2-1, Sheets 9 and 11)

a. Low pressurizer pressure 4 2/4-BYP' Manual block permitted below P-I I
Automatically unblocked above P-I1
Can be manually blocked on presence

of P-3
Block automatically removed on

absence of P-3

b. Low lead-lag compensated 4/steam line 2/4-BYP' in Manual block permitted below P-Il
steam line pressure either steam line Automatically unblocked above P-Il

Can be manually blocked on presence
of P-3

Block automatically removed on
absence of P-3

c. Low reactor coolant inlet 4/loop 2/4-BYP' either Manual block permitted below P-It
temperature (Low To1d) loop 6  Automatically unblocked above P- 11

Can be manually blocked on presence
of P-3

Block automatically removed on
absence of P-3

d. High-2 containment 4 2/4-BYP' Can be manually blocked on presence
pressure of P-3

Block automatically removed on
absence of P-3

e. Manual safeguards 2 switches 1/2 switches None
initiation

Deleted: None¶

Deleted: Can be manually reset to
block safeguards actuation upon P-4
Block automatically removed on absence
of P-4
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Table 7.3-2 (Sheet 1 of 4)

INTERLOCKS FOR ENGINEERED SAFETY FEATURES ACTUATION SYSTEM

Designation Derivation Function

P-3 Reactor trip breaker open Permits manual reset of safeguards actuation
signal to block automatic safeguards actuation

P-3 Reactor trip breaker closed Automatically resets the manual block of
automatic safeguards actuation

P-4 Reactor tripinitiated or rcactor breakers . .... -. Deleted: (a)

Deleted: Permits manual reset of
(r..n.(.Isolates main feedwater if coincident with safeguards actuation signal to block

low reactor coolant temperature automatic safeguards actuation

eDeleted: switchgear open (reactor trip)(!_ Trips turbine - ........
" Deleted: b

(Q Blocks-boron dilution . Deleted: c

P-4 No Reactor trip initiated and reactor Removes demand for isolation of main Deleted: d
breakers closed, feedwater, turbine trip and boron dilution block-, Deleted: switchgear closed

Deleted: Automatically resets the
manual block of automatic safeguards
actuation
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TABLE 3.3.2-1 (PAGE 10 OF 13)
ENGINEERED SAFEGUARDS ACTUATION SYSTEM INSTRUMENTATION

APPLICABLE
MODES OR

OTHER
SPECIFIED REQUIRED SURVEILLANCE ALLOWABLE TRIP

FUNCTION CONDITIONS CHANNELS CONDITIONS REQUIREMENTS VALUE SETPOINT

18. ESFAS Interlocks

a. Reactor Trip, P-4

b. Pressurizer
Pressure, P-1I

c. Intermediate Range
Neutron Flux, P-6

d. Pressurizer Level,
P-12

e. RCS Pressure, P-19

f. Reactor Trip Breaker
Open. P-3

1,2,3

1,2,3

2

1,2,3,4,5,6

3 divisions D,M SR 3.3.2.3

4 J.M SR 3.3.2.1
SR 3.3.2.4
SR 3.3.2.5
SR 3.3.2.6

4 J,L SR 3.3.2.1
SR 3.3.2.4
SR 3.3.2.5
SR 3.3.2.6

4 JM SR 3.3.2.1
BB.Y SR 3.3.2.4

SR 3.3.2.5
SR 3.3.2.6

N/A N/A

< [1970] sig

a [1E-10]

amps

Above

Pressurizer

Water Level -

Low 1
setpoint of

[20]%

> [7001 psig

N/A N/A

1,2,3,4" 4 J,N SR 3.3.2.1
SR 3.3.2.4
SR 3.3.2.5
SR 3.3.2.6

1.2.3 3 divisions D.M SR 3.3.2.3
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ESFAS Instrumentation

B 3.3.2

BASES

SURVEILLANCE REQUIREMENTS (continued)

The Frequency of every 92 days on a STAGGERED TEST BASIS

provides a complete test of all four divisions once per year. This

frequency is adequate based on the inherent high reliability of the solid

state devices which comprise this equipment; the additional reliability

provided by the redundant subsystems; and the use of continuous

diagnostic test features, such as deadman timers, memory checks,

numeric coprocessor checks, cross-check of redundant subsystems, and

tests of timers, counters, and crystal time basis, which will report a failure
within these cabinets to the operator.

SR 3.3.2.3

SR 3.3.2.3 is the performance of a TADOT of the manual actuations,

initiations, and blocks for various ESF Functions, the Class 1 E battery
charger undervoltage inputs, the reactor trip breaker open (P-3) input and

the reactor trip (P-4) input from the IPCs. This TADOT is performed

every 24 months.
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HI.14 Addition of delay timers for enabling the Source Range Reactor Trip and Flux

Doubling Signal

Because of the very low level signal that the source range neutron detectors measure, they and their

interfacing electronics typically experience a several second period of instability whenever the

detectors are energized. The addition of Source Range Reactor Trip and Flux Doubling Signal delay

timers is to prevent spurious actuations during this period of time.

This change requires modifications to Figure 7.2-1, Sheet 3, text changes to Sections 7.2.1.1.1,

7.3.1.2.14, and Technical Specifications Section B 3.3.1.

7.2.1.1.1 Nuclear Startup Trips

Source Range High Neutron Flux Trip

Source range high neutron flux trips the reactor when two of the four source range channels
exceed the trip setpoint. This trip provides protection during reactor startup and plant
shutdown. This function is delayed from actuating each tine the source range detector's high
voltage power is energized to prevent a spurious trip due to the short term instability of the
processed source range values. It may be manually blocked and the high voltage source range
detector power supply de-energized when the intermediate range neutron flux is above the
P-6 setpoint value. It is automatically blocked by the power range neutron flux interlock
(P-10). The trip may be manually reset when neutron flux is between P-6 and P-10. The reset
occurs automatically when the intermediate range flux decreases below P-6. The channels can
be individually bypassed to permit channel testing during plant shutdown or prior to startup.
This bypass action is indicated in the main control room.
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7.3.1.2.14 Boron Dilution Block

Condition I is an average of the source range count rate, sampled at least N times over the
most recent time period TI, compared to a similar average taken at time period T2 earlier. If
the ratio of the current average count rate to the earlier average count rate is greater than a
preset value, a partial trip is generated in the division. On a coincidence of excessively
increasing source range neutron flux in two of the four divisions, boron dilution is blocked.
The Flux Doubling function is also delayed from actuating each time the source range
detector's high voltage power is energized to prevent a spurious dilution block due to the
short term instability of the processed source range values. This source range flux doubling
signal may be manually blocked to permit plant startup and normal power operation. It is
automatically reinstated when reactor power is decreased below the P-6 power level during
shutdown.
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RTS Instrumentation

B 3.3.1

BASES

APPLICABLE SAFETY ANALYSES, LCOs, and APPLICABILITY (continued)

5. Source Range Neutron Flux

The LCO requirement for the Source Range Neutron Flux trip
Function ensures that protection is provided against an
uncontrolled bank rod withdrawal accident from a subcritical
condition during startup. This trip Function provides redundant
protection to the Power Range Neutron Flux - Low Setpoint
and Intermediate Range Neutron Flux trip Functions. In
MODES 3, 4, and 5, administrative controls also prevent the
uncontrolled withdrawal of rods. The PMS source range
detectors are located external to the reactor vessel and measure
neutrons leaking from the core. The safety analyses do not take
credit for the Source Range Neutron Flux trip Function. Even
though the safety analyses take no credit for the Source Range
Neutron Flux trip, the functional capability at the specified Trip
Setpoint is assumed to be available and the trip is implicitly
assumed in the safety analyses.

The Trip Setpoint reflects only steady state instrument
uncertainties as the detectors do not provide primary protection
for any events that result in a harsh environment. This trip can
be manually blocked by the main control room operator when
above the P-6 setpoint (Intermediate Range Neutron Flux
interlock) and is automatically unblocked when below the P-6
setpoint. The manual block of the trip function also de-
energizes the source range detectors. The source range
detectors are automatically re-energized when below the P-6
setpoint. The trip is automatically blocked when above the P-10
setpoint (Power Range Neutron Flux interlock). The Flux
Doubling function is also delayed from actuatine each time the
source ranee detector's high voltage power is energized to
prevent a spurious dilution block due to the short term
instability of the processed source range values. The source
range trip is the only RTS automatic protective Function
required in MODES 3, 4, and 5. Therefore, the functional
capability at the specified Trip Setpoint is assumed to be
available.
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11.15 RT/ESF ACCURACIES AND RESPONSE TIMES CORRECTIONS

Tables 7.2-1 and 7.3-4 provide typical measurement accuracies and response times for the reactor trip

and engineered safety features actuation functions. These tables do not serve as the regulatory basis

for these parameters. The accident analyses as summarized in DCD Chapter 15 and the setpoint study

serve this purpose. Tables 7.2-1 and 7.3-4 provide typical values to provide a basic understanding of

system operation. Earlier versions of the DCD contained values typical for earlier generation plant

designs and I&C equipment. More representative values for these parameters have become available

as the AP1000 plant design has progressed and the tables have been revied to reflect the later

information.

This change requires modifications to Section 7.3.1.5.2, Table 7.2-1 and Table 7.3-4.

7.3.1.5.2 Design Basis: Variables, Ranges, Accuracies, and Typical Response Times Used in
Engineered Safety Features Actuation (Paragraphs 4.1, 4.2, and 4.4 of IEEE 603-
1991)
.Ranges,.typical accuracies, and dtical response times for the variables used in

engineered safety features actuation are listed in Table 7.3-4. The time response is the
maximum allowable time period for an actuation signal to reach the necessary
components. It is based on following a step change in the applicable process parameter
from 5 percent below to 5 percent above (or vice versa) the actuation setpoint with
externally adjustable time delays set to OFF.

*rDeleted: Typical r

APP-GW-GLR-080 rO.doc



WESTINGHOUSE ELECTRIC COMPANY LLC
AP1000 Licensing Design Change Document

Document Number: APP-GW-GLR-080
Title: Mark-up of AP1000 Design Control Document Chapter 7

Page 95 of 183

Revision Number: 0

Table 7.2-1 (Sheet 1 of 3)

REACTOR TRIP VARIABLES, LIMITS, RANGES, AND ACCURACIES
(DESIGN BASIS FOR REACTOR TRIP)

(NOMINAL)

Typical

Response

Time

(Sec).._

Protective

Functions

Range of

Variables

Typical

Accuracy ..
{Deleted: s To Be Monitored

Variable, 1
Source Range High Neutron flux 6 decades of neutron :A.--Q00of sPa. ... . - - Deleted: 11.0

Neutron Flux flux: I to 106 counts Deleted: 2
per second

Intermediate Range Neutron flux 8 decades of neutron -,-O% of span-0-_. 0 ..6 D t.. e:2
High Neutron Flux flux overlapping -Deleted:2

source range by
2 decades and

including 100% power

Power Range High Neutron flux I to 120% of full +,5% of span .0- Deleted: 7.0
Neutron Flux (Low power . Deleted: 2

Setting)
.f-s Deleted: 7.0

Power Range High Neutron flux Itto 120% of full -- 2o span - Deeed.
Neutron Flux power
(Hi-Setting)

Power Range High Neutron flux I to 120% of full ±1, of span 0•- " Deleted: .0

Positive Flux Rate power (step input of Deleted: 2
20% full power)

J

I Deleted: 11.5 IOvertemperature AT -/5% of AT span I

" '"- -. Deleted: 7.0

(Tavg or AT)Reactor coolant
inlet temp. (TCOId)

4901 to 610°F

-I Deleted: ±2.5% of span I
Reactor coolant 5301 to 6501F 5 ( eleted: 6.0
outlet temp. (Tho) " Deleted: +3.5% of span

Pressurizer 1700 to 2500 psig _+•_% of span . . Deleted: 6.0

pressure -. Deleted: 2.5

Neutron flux
(difference
between top and
bottom power
range detectors)

-60 to +60% (Ap) 0P.6 ".Deleted: 1.5

Deleted: 2.0
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Table 7.2-1 (Sheet 2 of 3)

REACTOR TRIP VARIABLES, LIMITS, RANGES, AND ACCURACIES
(DESIGN BASIS FOR REACTOR TRIP)

(NOMINAL)

Typical

Response

Time

Sec q)

Protective

Functions

Range of

Variables

Typical

. Accuracyw
Deleted: s To Be Monitored

Variable,
Del..t.d..t Deleted:

Overpower AT /Oý of AT span_ Deleted: 3.5_T

4- 4- 1

Reactor coolant

inlet temp. (TCold)

Reactor coolant
outlet temp. (Th0 t)

4900 to 610°F *~-~ 1Deleted: 7.0
(Tavg or AT)

+ + * Deleted: ±2.5% of span
530' to 650'F Deleted: 6.0

Neutron flux
(difference
between top and
bottom power
range detectors)

-60 to +60% (Ap) 6.6
1 Deleted: ±3.5% of span

Deleted: 6.0

Deleted: ±7.0% of span

Deleted: 2.0

+ 4 -1- 4

Pressurizer Low
Pressure

Pressurizer
pressure

Deleted: 2.5 .31700 to 2500 psig 4A./o of span
Deleted: 1.2

Deleted: 2.5+ 4 + 4

Pressurizer High
Pressure

Pressurizer
nressure

1700 to 2500 psig :-+%0 of span
Deleted: 1.2

Pressurizer High Water Pressurizer water 0-100% of entire AX.% of span ... Deleted: 2.25

Level level cylindrical portion of Deleted: 1.6
pressurizer

Low Reactor Coolant Coolant flow 0 to 120% of rated =•%_oofspan . ...- Deleted: 3.0

Flow flow Deleted: 1.6

Deleted: 0.2
Low Reactor Coolant
Pump Speed

Pump speed 0 to 120% of rated
speed

-_% of span JDeleted: 42

Low Steam Generator
Water Level

Steam generator
water level

0-100% of span
(narrow range taps)

IZ% of span --9.
Deleted: 21)

Deleted: 2.0

Deleted: 1.6F 4 4

High Steam Generator
Water Level

Steam generator
water level

0-100% of span
(narrow range taps)

:fUO°/o of_ span J

Deleted: 2.0 J

4 F 4 4

Reactor Coolant Pump
High Bearing Water
Temperature

Reactor coolant
pump bearing
water
temperature

70'-450'F :L;Z% of span
Deleted: 1.6

Deleted: 1.0

Deleted: 2.0 3
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Table 7.2-1 (Sheet 3 of 3)

REACTOR TRIP VARIABLES, LIMITS, RANGES, AND ACCURACIES
(DESIGN BASIS FOR REACTOR TRIP)

(NOMINAL)

Typical

Response

TimeProtective

Functions

Range of

Variables

Typical

Accuracyw.
Deleted: s To Be Monitored

Variable,
Deleted: 'I- 4 4

Automatic or Manual
Safeguards Actuation

See Table 7.3-4 See Table 7.3-4 See Table 7.3-4 See Table 7.3-4

Manual Reactor Trip Switch position N/A N/A N/A

Automatic or Manual See Table 7.3-4 See Table 7.3-4 See Table 7.3-4 See Table 7.3-4
Depressurization
System Actuation

Automatic or Manual
Core Makeup Tank
Injection

See Table 7.3-4 See Table 7.3-4 See Table 7.3-4 See Table 7.3-4

Deleted: Reference Leg Temperature
Compensation"3' I ... r251

Notes:
1. Measurement uncertainty tyl3ical of actual applications. Harsh envirornnent allowances have been

included where applicable.
2. Delay frorn the time that the process variable exceeds the setpoint until the time that the control rods

are free to fall into the core (includes reactor trip breaker opening delay and control rod drive
mechanism gripper release delay).

Deleted: Time from step change of the
variable being monitored from 5% below
to 5% above the setpoint. Value defined
until the signal reaches the reactor trip
breakers.

Deleted: The time delay is the time to
generate a trip after the pump speed has
reached the trip setpoint during a speed
decrease which is linear with respect to

* time.

Deleted: 3. This temperature
compensation is not a protective function
per se; however, these signals provide
density compensation used in the
pressurizer high water level protective
function.
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Table 7.3-4 (Sheet I of 2)

ENGINEERED SAFETY FEATURES ACTUATION,
VARIABLES, LIMITS, RANGES, AND]ACCURACIES

(NOMINAL)
Deleted: ACCURACY'S

Deleted: to be Monitored
Typical Response

Time (Sec)' -Variable, Range of Variable Typical AccuracyW

Pressurizer pressure 1700 to 2500 psig ±14% of span .LA. ....... Deleted:

Steam line pressure 500 to J300 psig +±°% of span (Normal- - - .. Deleted: 1200

environment) . D ed:1.2
",Deleted: o

± 10% of span D

(Adverse environment) Deleted: 3.0

Steam line negative pressure rate 0 to 250 psig/sec ±0.2% of span JA ........ - "

Deleted:
Reactor coolant inlet 490 to 610 0 F ±3% of span 5... .
temperature (Tco.d)

Deleted: ,
Reactor coolant outlet 530 to 650'F +_% of span Dlt....

temperature (T, 0)

Containment pressure -5 to 10 psig ±3% of span De.leted- "

Reactor coolant system hot leg 0 to 100% of span ±5% of span . ... ."Deleted:

level
Deleted: "

In-containment refueling water 0 to 100% of span ±6% of span . - Dltd
storage tank level

Undervoltage on ac buses 4to 00 V +A% ýof se oint 1.Deleted: 250 ...400 ...6.5 j .26

Deleted: o,
Steam generator narrow range 0 to 100% of span ±+2% of span L .............. Deleted: 1.6
water level (narrow range taps) Deleted:

Steam generator wide range 0 to 100% of span ±32% of span LA ............... Deleted:
water level (wide range taps)

Core makeup tank narrow range 0 to 100% of span ±40% of span .L ( Deleted:

upper water level

Core makeup tank narrow range 0 to 100% of span ±40% of span 10 . - Deleted:

lower water level

Deleted:Reactor coolant pump bearing 70 to 4501F ±2% of span .-
temperature

Deleted:Spent fuel pool level 0 to 26 feet _+3% of span 1.L .... .

Reactor coolant system wide
range pressure

0 to 3300 psig ±3% of span
Deleted: "I i
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Table 7.3-4 (Sheet 2 of 2)

ENGINEERED SAFETY FEATURES ACTUATION,
VARIABLES, LIMITS, RANGES, AND ACCURACIES

(NOMINAL)

Typical Response

Time (Sec)' - `Variable. Range of Variables Typical AccuracyvW
Deleted: s to be
Monitored I

Pressurizer water level 0 to 100% of +0_% of span . . _ Deleted: 2.25

cylindrical portion of •. Deleted: 1.2

pressurizer Deleted: )3

Startup feedwater flow 0 to 1000 gpm :7_% of span . - .... Deleted: 4.0

Neutron flux (flux doubling I to 106 c/sec ±-+ % of span Deleted: 1.6
. . . . .. .-- - - - Deleted: "

calculation) . Dltd

Control room supply air 10-7 to 10.2 V Ci/cc + 50% of setpoint . Deleted: 11.0 3
ra d ia tio n le v e l . . . . . . D . De le te d : 10 .0

Deleted: 0.

Containment radioactivity 100 to 107 R/hr ±,% ofs20po"nt-" D..... .. .. .. . .... •. .. . , .. D e leted . 0

Notes:
I. Measurement uncertainty typical of actual applications. Harsh

Deleted: full scale

environment allowances have been ( Deleted: 5.01"
included where applicable.

.Delay fronm the time that the process variable exceeds the setpoint until the timne that an output is

provided to the actuated device.
,3._ Response time depends onflux doublin •calculation.

"' Deleted: 5.0
fDeleted: full scale

(Deleted: 5.0...

Deleted: Listed response time is the
time for a step change of a variable, from

/5% below to 5% above the setpoint, to
reach the actuated device.¶

Deleted: Listed response time is the
time for a negative 20% step change of
steam line pressure to reach the actuated
device.¶

Deleted: time constant settings
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11.16 CORRECT CHAPTER 7 TECHNICAL SPECIFICATION REFERENCE

Section 7.3.1 currently refers to the "July 1993 Final Policy Statement on Technical Specification

Improvements". This policy statement has been superseded by changes to the Code of Federal

regulations at 10 CFR 50.36(c)(2)(ii). Section 7.3.1 has been revised accordingly.

This change requires modifications to Note 8 in Table 7.3-1 and text in the last paragraph of Section

7.3.1, as shown below.

Table 7.3-1 - Affected Note

8. This function does not meet the 10 CFR 50.36(c)(2)(ii) criteria and is not included in the Technical
Specifications.

Deleted: July 1993 Final Policy I
Statement on Technical Specification
Improvements

Section 7.3.1 (Last Paragraph) Excerpt

Table 7.3-1 summarizes the signals and initiating logic for each of the engineered safety
features initiated by the protection and safety monitoring system. Most of the functions
provide protection against design basis events which are analyzed in Chapter 15.
However, not all the functions listed in Table 7.3-1 are necessary to meet the assumptions
used in performing the safety analysis. For example, the design provides features which
provide automatic actuations which are not required for performing the safety analysis. In
addition, some functions are provided to support assumptions used in the probabilistic
risk assessment, but are not used to mitigate a design basis accident. Only those functions
which meet the 10 CFR 50.36(c)(2)(ii criteria are included in the AP1000 DCD, Section
16.1, Technical Specifications. This accounts for any difference between functions listed
in Table 7.3-1 and functions which are included in the Technical Specifications.

Deleted: July 1993 NRC Final Policy
Statement on Technical Specification

Improvements
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11.17 CORRECT CORE MAKEUP TANK ACTUATION SIGNALS

Section 7.3.1.2.3 lists 6 conditions that will cause Core Makeup Tank actuation. Condition 6 needs to

be deleted because it is not one of the signals that generates a CMT actuation, but is instead a

permissive for blocking Condition 3 from generating a CMT actuation. This change requires

modifications to Section 7.1.1.2.3.

7.3.1.2.3 Core Makeup Tank Injection

Signals to align the core makeup tanks for injection are generated from the following
conditions:

1. Automatic or manual safeguards actuation (subsection 7.3.1.1)

2. Automatic or manual actuation of the first stage of the automatic depressurization
system (subsection 7.3.1.2.4)

3. Low-2 pressurizer level

4. Low wide range steam generator level coincident with High hot leg temperature

5. Manual initiation

,Conditions 1 through 5 initiates a block of the pressurizer heaters; trip the reactor andreactor
coolant pumps; initiate alignment of the core makeup tank isolation valves for passive
injection to the reactor coolant system; and provide a confirmatory open signal to the cold leg
balance line isolation valves. The balance line isolation valves are normally open but can be
closed by the operator. The confirmatory open signal automatically overrides any bypass
features that are provided to allow the cold leg balance line isolation valves to be closed for
short periods of time. ,Te motive force for core makeup tank injection is provided by density
differences between the fluids in the cold leg balance line and the core makeup tank water.

Deleted: <#>Pressurizer water level
increasing above the P-l 2 interlock¶ 1

Deleted: Condition'6 initiatesca.
confirmatory open signal to the cold leg
balance line isolation valves.
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11.18 TRIPPING OF PRESSURIZER HEATERS

The electrical immersion heaters used to control reactor coolant system pressure during normal plant

operation are tripped whenever the Core Makeup Tanks (CMTs) are actuated. The main heater

breakers are tripped directly by an isolated output from the Protection and Safety Monitoring System

(PMS). In addition, an isolated signal is provided from the PMS to the Plant Control System to

independently trip the breakers for the individual heater groups. The design was not clearly shown in

the existing logic on Figure 7.2-1, Sheet 12. In addition, the existing text in Section 7.3.1.2.23 and

Table 7.3-1 regarding the function to be performed is ambiguous and must clarified.

This change requires modifications to the text in Section 7.3.1.2.23, Item 25 of Table 7.3-1 and

Figure7.2-1, Sheet 12.

7.3.1.2.23 Pressurizer Heater Trip ..... .....................

Signals for disabling the operation of the pressurizer heaters are generated from any of
the following conditions:

rDeleted: Block -

-( Deleted: blocking

1. Core makeup tank injection alignment signal (subsection 7.3.1.2.3)

2. High-3 pressurizer water level

Division A of the protection and safety monitoring system provides actuation signals to
five load center circuit breakers which provide the power feed to five pressurizer heater
electrical control centers. When these five power feed breakers are opened, thc electrical
power is removed from the pressurizer heaters. In addition, Division C of the protection

and safety monitoring system provides a separate signal to the plant control system. This
separate signal is used to command the plant control system to open the molded-case
circuit breakers which provide a power feed to each individual pressurizer heater. This
arrangement provides for complete Adisabling of the pressurizer heaters,_even if a single
component failure occurs.

Deleted: all

Deleted: all

Deleted: blocking
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Table 7.3-1 (Sheet 8 of 8)

ENGINEERED SAFETY FEATURES ACTUATION SIGNALS

No. of
Divisions/ Actuation

Actuation Signal Controls Logic Permissives and Interlocks

25. Pressurizer Heater Tip (Figure 7.2-1, Sheets 6 and 12) .. ..................... Deleted: Block

a. Core makeup tank injection (See items 6a through 6e)

b. High-3 pressurizer level 4 2/4 BYP' Manual block pernmitted below P-19
I_ I Automatically unblocked above P- 19
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11.19 CORRECT DESCRIPTION FOR PERMISSIVE P-19

Permissive P-19, based on increasing reactor coolant system hot leg pressure, permits the manual

block of the trip of the pressurizer heaters on high pressurizer water level as shown on Figure 7.2-1,

Sheet 6. The description of P-19 provided in Table 7.3-2 has been revised to add this function.

This change requires modifications to the P-19 description in Table 7.3-2.

Table 7.3-2 (Sheet 4 of 4)

INTERLOCKS FOR ENGINEERED SAFETY FEATURES ACTUATION SYSTEM

Designation Derivation Function

P-19 Reactor coolant system pressure below (a) Pemits manual block of chemical and
setpoint volume control system isolation on high

pressurizer water level

(b) Permits manual block of passive residual
heat removal heat exchanger alignment on
high pressurizer water level

(c) Pennits manual block of the pressurizer
heater trip on high pressurizer water level

P-19 Reactor coolant system pressure above (a) Prevents manual block of chemical and
setpoint volume control system isolation on high

pressurizer water level

(b) Prevents manual block of passive residual
heat removal heat exchanger alignment on
high pressurizer water level

(c) Prevents manual block of the pressurizer
heater trip on high pressurizer water level
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11.20 MINOR TEFCIINICAL CHANGES TO TABLE 7.3-1

A review of Table 7.3-1 identified five minor technical changes that need to be made to clarify some

of the entries:

1. For Item 19, Sheet 18 has added to the Figure 7.2-1 reference.

2. There are several components whose actuation could lead to a plant event requiring a

prolonged outage for clean-up and repair. The manual actuation of these components

requires the simultaneous operation of either of two pairs of associated controls. Note #3 has

been clarified to reflect the actual design.

3. Item 23 b. has added the missing phrase "coincident with" consistent with the logic for

opening the containment recirculation valves shown on Figure 7.2-1, Sheet 16.

4. The containment recirculation valves are among the components that require the operation of

two associated controls as described in Item 3, above. Item 23 c. has added Note 3 to the

"2/4 controls" reference in the "Actuation Logic" Column.

5. Since there is no Item 23 a., the existing Items 23b and c has been renumbered as a and b.

Abridged versions of Table 7.3-1 with these changes are shown below.

Table 7.3-1 (Sheet 7 of 8)

ENGINEERED SAFETY FEATURES ACTUATION SIGNALS

No. of

Divisions/ Actuation

Actuation Signal Controls Logic Permissives and Interlocks

19. Normal Residual Heat Removal System Isolation (Figure 7.2-1, Sheets 13 and 18)

Table 7.3-1 - Affected Note

3. Two associated controls must be actuated simultaneously.
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Table 7.3-1 (Sheet 8 of 8)

ENGINEERED SAFETY FEATURES ACTUATION SIGNALS

No. of

Divisions/ Actuation

Actuation Signal Controls Logic Permissives and Interlocks

23. Open All Containment Recirculation Valves (Figure 7.2-1, Sheet 16)

N, _ Automatic reactor coolant (See items 3d through 3f)
system depressurization
(fourth stage
coincident with)

Low IRWST level 4 2/4 BYP' None
(Low-3 setpoint)

b. _Manual initiation 4 controls 2/4 controls.' None

Deleted: b

Deleted: c
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11.21 CVS LETDOWN ISOLATION LOGIC MODIFICATIONS

CVS Letdown Isolation is actuated if either of two reactor coolant system hot leg level divisions go

below the Low-1 setpoint. A malfunction of a single measurement could, therefore, cause the

inadvertent isolation of CVS letdown during normal plant operation. The letdown isolation function

is only required during shutdown conditions when the pressurizer might drain. A manual block

function has been added to permit the letdown isolation function to be blocked whenever pressurizer

water level is above the P-12 setpoint. The letdown isolation function is automatically unblocked

whenever the pressurizer water level goes below the P-I 2 setpoint.

This change requires modifications to Tier I Table 2.5.2-6 and Tier 2 Section 7.3.1.2.22, DCD Table
7.3-1 (Sheet 8 of 8), DCD Table 7.3-2 (Sheet 3 of 4), DCD Table 7.3-3 (Sheet 2 of 2), Figure 7.2-1,

Sheets 12 and 16, and Technical Specifications Bases Section B 3.3.2.

Tier 1 Changes

TABLE 2.5.2-6
PMS BLOCKS

Engineered Safety Features:

Automatic Safeguards
Containment Isolation
Main Feedwater Isolation
Reactor Coolant Pump Trip
Core Makeup Tank Injection
Turbine Trip
Steam Line Isolation
Startup Feedwater Isolation
Block of Boron Dilution
Chemical and Volume Control System Isolation
Chemical and Volume Control System Letdown Isolation
Steam Dump Block
Auxiliary Spray and Letdown Purification Line Isolation
Passive Residual Heat Removal Heat Exchanger Alignment
Normal Residual Heat Removal System Isolation
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Tier 2 Changes

7.3.1.2.22 Chemical and Volume Control System Letdown Isolation

A signal to isolate the letdown valves of the chemical and volume control system is
generated upon the occurrence of a Low-I hot leg level in either of the two hot leg loops.
This helps to maintain reactor coolant system inventory during mid-loop operation. This
signal may be manually blocked by the operator when pressurizer level is above the P-12
setpoint. The functional logic relating to this is illustrated in Figure 7.2-1, sheet 16. These
letdown valves are also closed by the containment isolation function as described in
subsection 7.3.1.2.1.

Table 7.3-1 (Sheet 8 of 8)

ENGINEERED SAFETY FEATURES ACTUATION SIGNALS

No. of

Channels/ Actuation

Actuation Signal Controls Logic Permissives and Interlocks

24. Chemical and Volume Control System Letdown Isolation (Figure 7.2-1, Sheet 16)

a. Low-1 hot leg level 1 per loop 1/2 Manual block permitted above P-12
Automatically unblocked below

Table 7.3-2 (Sheet 3 of 4)

INTERLOCKS FOR ENGINEERED SAFETY FEATURES ACTUATION SYSTEM

Designation Derivation Function

P-12 Pressurizer level below setpoint (e) Automatically unblocks chemical and
volume control system letdown isolation
on Low-I hot leg level

P-12 Pressurizer level above setpoint (f) Permits manual block of chemical and
volume control system letdown isolation
on Low-I hot leg level

[ Deleted: None
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Table 7.3-3 (Sheet 2 of 2)

SYSTEM-LEVEL MANUAL INPUT TO THE
ENGINEERED SAFETY FEATURES ACTUATION SYSTEM

To Figure

Manual Control Divisions 7.2-1 Sheet

CVS letdown isolation block control #1 A 16

CVS letdown isolation block control #2 1 Q_16

ESFAS Instrumentation

B 3.3.2

BASES

APPLICABLE SAFETY ANALYSES, LCOs, and APPLICABILITY (continued)

18.d. Pressurizer Level, P-12

The P-12 interlock is provided to permit midloop operation
without core makeup tank actuation, IRWST actuation, reactor
coolant pump trip, or purification line isolation. With
pressurizer level channels less than the P-12 setpoint, the
operator can manually block low pressurizer level signal used
for these actuations. Concurrent with blocking CMT actuation
on low pressurizer level, IRWST actuation on Low 2 RCS hot
leg level is enabled. Also, CVS letdown isolation on Low 1
RCS hot leg level is enabled. When the pressurizer level is
above the P-12 setpoint, the pressurizer level signal is
automatically enabled and a confirmatory open signal is issued
to the isolation valves on the CMT cold leg balance lines. This
Function is required to be OPERABLE in MODES 1, 2, 3, 4, 5,
and 6
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ESFAS Instrumentation

B 3.3.2

BASES

APPLICABLE SAFETY ANALYSES, LCOs, and APPLICABILITY (continued)

28.a. Hot Leg Level - Low 1

A signal to isolate the CVS letdown valves is generated upon
the occurrence of a Low 1 hot leg level in either of the two
RCS hot leg loops. This helps to maintain reactor system
inventory in the event of a LOCA. This function can be
blocked in Modes 1, 2 and 3 and is automatically enabled
when P-12 is activated. These letdown valves are also closed
by all of the initiating Functions and requirements that
generate the Containment Isolation Function in Function 3.
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11.22 REACTOR TRIP BREAKER STATUS INPUTS TO P-3 AND P-4 LOGIC

Figure 7.2-1, Sheet 2 shows the reactor trip breaker status inputs to the logic for the P-3 and P-4

permissives. The existing logic shows the breaker inputs being voted 2/4. There are actually 8

reactor trip breakers arranged in a 2/4 voting matrix as depicted by the simple diagram on Sheet

2. The breaker status voting has been changed to reflect the actual breaker arrangement and a

Note 4 has been added to Sheet 2 that provides a logic equation defining the required

functionality.

This change requires modifications to Figure 7.2-1, Sheet 2.

11.23 DELETION OF DIVISION TRIP STATUS BETWEEN DIVISIONS

The architecture of the AP1000 PMS, based on the Westinghouse Common Q platform

architecture is different than the architecture of the Eagle platform that preceded it for safety

applications. The Common Q architecture does not use the "Global Trip" feature that was used in

the Eagle platform based protection system application that requires that each division to generate
a "Trip Status". The Global Trip feature had already removed as documented in APP-GW-GLN-

004 (Transmittal by Westinghouse to NRC in DCP/NRC1737 dated May 22, 2006. This change

removes the remaining part of the logic associated with the Westinghouse Eagle platform

application.

This change requires modifications to Figure 7.2-1, Sheet 2.
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11.24 LOW TCOLD AND HIGH STEAM PRESSURE NEGATIVE RATE ESF ACTUATION

LOGIC MODIFICATIONS

The existing logic shown on Figure 7.2-1, Sheet 9 for the Low TCOLD and High Steam Pressure

Negative Rate functions does not segregate the across the divisions, thereby increasing the chance

of an inadvertent reactor trip. For example, the prior logic would actuate if a sensor in one

division associated with one loop and another sensor in another division monitoring the other

loop tripped at the same time. This is inconsistent with traditional design practice that only will

trip the reactor if two or more divisions monitoring the same loop are tripped. The existing logic

creates an increased likelihood of inadvertent ESF actuations, thereby increasing the likelihood of

challenges to safety systems. The design has been revised so that an ESF actuation will occur

whenever either function is true in at least 2 divisions in one loop.

This change requires modifications to Figure 7.2-1, Sheet 9.

11.25 DELETION OF REDUNDANT AUTOMATIC SAFEGUARDS REACTOR TRIP

Figure 7.2-1, Sheet 11 shows an automatic reactor trip function composed of Low Pressurizer

Pressure, High-2 Containment Pressure, Low Steamline Pressure, Low TcOLD, and Low-2

Pressurizer Level. The existing logic does not properly segregate the divisions and loops similar

to the changes described in Items 11.7, and 11.24. In addition, an automatic reactor trip will
already be generated by ESF actuation logic based on these same parameters as shown on revised

Sheets II and 12. The existing logic on Sheet 11 is, therefore, both incorrectly designed and

serves no purpose. It has been deleted.

This change does not affect conformance to regulatory requirements and guidance.

This change requires modifications to Figure 7.2-1, Sheets 9 and 11.
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11.26 CORE MAKEUP TANK LEVEL INPUT TO ADS LOGIC MODIFICATIONS

Low-I Core Makeup Tank (CMT) level is an input to the Automatic Depressurization System

(ADS) I st stage actuation logic and Low-2 Core Makeup Tank (CMT) level is an input to the

Automatic Depressurization System (ADS) 4th stage actuation logic. The existing CMT level

inputs shown on Figure 7.2-1, Sheet 15 has the same division segregation logic discrepancy that

related to the changes described in Items 11.7, 11.24 and 11.25. The logic has been revised so that

the CMT level inputs to the ADS actuation logic will be properly segregated by CMT.

This change does not affect conformance to regulatory requirements and guidance.

This change requires modifications to Figure 7.2-1, Sheet 15.

11.27 CMT AND PRHR ISOLATION VALVE LOGIC CHANGES

The MAINTAIN CLOSE feature associated with both the Core Makeup Tank (CMT) and the

Passive Residual Heat Removal (PRHR) isolation functions shown on Figure 7.2-1, Sheet 17

cannot be implemented as depicted. The MAINTAIN CLOSE feature is performed in the Plant

Control System (PLS) and having to provide an input to the Protection and safety Monitoring

System (PMS) is not permitted. The Common Q system architecture used for AP1000 uses a
Component Interface Module (CIM) to accept inputs from both the PMS and PLS and perform

required priority and component logic to interface to the actuated components. The MAINTAIN

CLOSE feature will be implemented throughout the PLS connection to the CIM for the CMT and

PRHR isolation valves.

This change does not affect conformance to regulatory requirements and guidance.

This change requires modifications to Figure 7.2-1, Sheet 17.
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11.28 EDITORIAL CHANGES AND CLARIFICATIONS

None of these changes affect conformance to regulatory requirements and guidance.

Revise Section 7.1.1 to be consistent with Section 18.2.3.1

The Operation and Control Centers System description in Section 7.1.1 needs to be revised to match

the similar description in section 18.2.3.1 and shown:

Operation and Control Centers System

The operation and control centers system includes the main control room, the technical
support center, the remote shutdown room, emergency operations facility, local control
stations and associated workstations for these centers. With the exception of the control
console structures, the equipment in the control room is part of the other systems (for
example, protection and safety monitoring system, plant control system, data display and
processing system).

I Deleted: workstation

Improve justification in Section 7.2.1.1.3

The fourth paragraph in the fifth sub-section of DCD 7.2.1.1.3 should be modified as shown to more-

fully describe the use of the reactor coolant pump underspeed trip.

7.2.1.1.3 Core Heat Removal Trips

Reactor Trip on Reactor Coolant Pump Underspeed

The reactor coolant pump underspeed trip provides a direct measurement of the parameter of
interest. It permits the plant to ride through many postulated voltage or frequency dip
transients without reactor trip if safety limits are not violated. Selection of the underspeed trip
setpoint and time response provide for the timely initiation of reactor trip during the complete
loss of flow accident and the limiting frequency decay event, consistent with the analysis
results reported in Chapter 15.
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Clarify Section 7.2.1.2.3

A statement in DCD Section 7-2 implies there are three RTD thermowells in each hot leg containing

dual-element RTDs that are sent to separate PMS Divisions. There are six RTD thermowells per hot
leg, and there is no "sharing" between Divisions of RTD elements in the same thermowell. The RTDs

are dual-element, but the second element is used as an installed spare.

7.2.1.2.3 Design Basis: Spatially Dependent Parameters Used in Reactor Trip (Paragraph 4.6
of IEEE-603-1991)

The hot and cold leg temperature signals required for input to the protection and
control functions are obtained using thermowell-mounted RTDs installed in each
reactor coolant loop. The hot leg temperature measurement in each loop is
accomplished using six fast-response, narrow-range RTDs, each in its own
thermowell; three thermowells and RTDs for each of the two divisions monitoring
that hot leg. The three thermowells jor each division are mounted approximately
120 degrees apart in the cross-sectional plane of the piping, to obtain a representative
temperature sample. The temperatures measured by the three RTDs arc different due
to hot leg temperature streaming and vary as a function of thermal power. Therefore,
these signals are averaged using electronic weighting to generate a hot leg average
temperature. Provisions are incorporated into the process electronics to allow for
operation with only two RTDs in service. The two RTD measurements can be biased
to compensate for the loss of the third RTD.

Deleted: three

Deleted: dual-element,

[Deleted: in each hot leg
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Correct terminology in Table 7.2-1

Table 7.2-1 should be modified as shown for consistency of format and terminology.

Table 7.2-1 (Sheet I of 3)

REACTOR TRIP VARIABLES, LIMITS, RANGES, AND ACCURACIES
(DESIGN BASIS FOR REACTOR TRIP)

(NOMINAL)

Typical

Response

Protective Variables To Range of Time

Functions Be Monitored Variables Typical Accuracy (Sec)")

Power RangeNeutron Neutron flux I to 120% of full - -7.0% of span - 0.2
Flux (Low Se- ...in. power

I Deleted: High

" Deleted: Setting

Correct main control room damper in Table 7.5-9

Table 7.5-9 (Sheet 3 of 4) incorrectly labels the MCR isolation valves as 'dampers.' These isolation

devices are actually valves. Table 7.5-9 (Sheet 3 of 4) should be corrected as shown below. Table 7.5-
1 (Sheet 10 of 12) correctly lists these as valves. Table 7.5-7 (Sheet 4 of 4) was corrected in

Reference 4.

Table 7.5-9 (Sheet 3 of 4)

SUMMARY OF TYPE F VARIABLES

Variable Type/Category

M a in co n tro l ro o m su p p ly a ir iso latio n va ve s tatu s . . . . . . . . .. . . . . . . .F 3 -----

Main control room return air isolationKvalve status F3

- Deleted: damper

Deleted: damper
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Add omitted manual Reactor Trip Block to Table 7.2-4

The manual block for the High-2 Steam Generator Water Level Reactor Trip that is referenced as part

of Section 7.2. 1. 1.11 of the DCD was omitted from Table 7.2-4. Add the text shown below to the

existing table to correct this omission.

Table 7.2-4

SYSTEM-LEVEL MANUAL INPUTS TO THE REACTOR TRIP FUNCTIONS

Manual Control To Divisions Figure 7.2-1

Sheet

Steamline / Feedwater Isolation and Safegu ards Block, Division A A 9

Steamline / Feedwater Isolation and Safeguards Block. Division B B 9

Steamline/ Feedwater Isolation and Safeguards Block, Division C C 9

Steamline / Feedwater Isolation and Saeards Block Division D D 9

Index and symbols changes and additions

Several additions and clarifications have been made to Figure 7.2-1, Index and Symbols.

SET/RESET MEMEORY and ONE SHOT functions have been added and state tables have been

included for both of the memory functions used. General notes that apply to the entire set of

functional diagrams presented in Figure 7.2-1.

Outputs to PLS

A variety of isolated outputs provided to the Plant Control System (PLS). Sheet numbers for the

appropriate PLS functional diagrams have been updated consistent with current documentation.

Steam generator water level reactor trip logic organization

The logic for most reactor trip appear at the left hand side of Figure 7.2-1, Sheet 2 as a single input to

the "Big OR" logic gate that makes up the automatic reactor trip function. The existing steam

generator low and high water level trips are exceptions, with each steam generator appearing as a
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separate input. The depiction has been changed to have only one input for each function with the

combination of the two steam generators performed on Sheets 7 and 10. This change in depiction is

for presentation consistency only; it does not change the actual implementation of the functions.

This change requires modifications to figure 7.2-1, sheets 2, 7, and 10.

Cumulative timer to monitor vital instrument bus battery charger voltage

Because there is no vital AC power, the instrumentation bus batteries can become depleted if input

power to their chargers is unavailable for an extended period of time. The timer shown on Figure 7.2-

1 has been renamed to a CUMULATIVE rather a RETENTIVE time to better describe its function to

accumulate time without power to the battery chargers at to actuate required safety functions if the

batteries might be near to depletion. NOTE 6 is added to the timer and the note is revised to better

describe the timer function.

This change requires modifications to figure 7.2-1, sheet 15.

Special Monitoring System description

The description of the special monitoring system was modified to allow a minimum of 2 sensors at

each location instead of just 2 sensors at each location, as well as depicting channel separation.

Paragraph 2 on page 7.1-4 was modified as follows:

The special monitoring system is the metal impact monitoring system. The metal impact monitoring
system detects the presence of metallic debris in the reactor coolant system when the debris impacts

against the internal parts of the reactor coolant system. The metal impact monitoring system is

composed of digital circuit boards, controls, indicators, power supplies and remotely located sensors

and related signal processing devices. A minimum of two sensors are located at each natural

collection region. connected to separate instrumentation channels, to maintain the impact monitoring

function if a sensor fails in service. Then metal impact monitoring system is described in subsection

4.4.6.4.

• Deleted: The sensors and their related Isignal processing devices are mounted in
pairs
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Update references in Chapter 7 to reflect proper format

Reference 18 on page 7.1-15 is updated with the current reference date, May 2006 and the

"Westinghouse Electric Company LLC" is removed.

Establishing a cross reference between figure 7.2-1 and AP1000 drawings

Figure 7.2-1 was derived from API000 drawings and the references on this figure are tied to those

drawings. Paragraph 3 on page 7.2-2 is updated to describe this and table 7.2-5 is added to list the

appropriate drawing number for each sheet. Changes to paragraph 3 are as follows:

Subsection 7.2.1.1 provides a description of each of the reactor trip functions. Figure 7.2-1 shows the

functional diagrams for reactor trips, as well as functional diagrams for other related plant functions.

Figure 7.2-1 sheets are derived from the APP-PMS-JI drawings and the references shown on Figure

7.2-1 sheets are tied to these parent drawings and not the sheets. Table 7.2-5 provides a cross

reference to match the APP-PMS-J1 drawing to its corresponding Figure 7.2-1 sheet.
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Add the following table 7.2-5 to section 7.2 of chapter 7.

Table 7.2-5

FIGURE 7.2-1 CROSS REFERENCES

APP-PMS-J1 Drawing Number Fijlure 7.2-1 Sheet Number

APP-PMS-JI-101 I

APP-PMS-J 1-102 2

APP-PMS-JI-103 3

APP-PMS-JI-104 4

APP-PMS-J1-105 5

APP-PMS-J 1-106 6

APP-PMS-J I-107 7

APP-PM S-J I - 10 8 8

APP-PMS-J I-109 9

APP-PMS-J1-110 10

APP-PMS-JI.-I I I II

APP-PMS-J1-112 12

APP-PMS-J.I-113 13

APP-PMS-J1 -114 14

A.PP-PMS-JR-I 15 15

APP-PMS-J1-I 16 16

APP-PMS-J I -117 17

APP-PMS-J1 -119 18

A.PP-DAS-J 1-102 19

APP-DAS-J 1-103 20
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11.29 CLARIFICATION OF REMOTE SHUTDOWN WORKSTATION

REDUNDANCY

The AP1000 Remote Shutdown Workstation (RSW) is non-safety. It is designed with redundancy so
it retains functionality with most single failures. The words in DCD Section 7.4.3.1.3 could be

interpreted as implying that the RSW meets the safety system single-failure requirement.

This change does not affect conformance to regulatory requirements and guidance.

The fifth bullet of section 7.4.3.1.3 will be revised as shown:

a The remote shutdown workstation is designed with redundancy. When a random event,
such as a fire, or an allowable technical specification maintenance results in one safety-
related division being unavailable, a single failure in a redundant division is not
postulated. When a random event other than fire causes a main control room evacuation,
a coincident single failure in the safet systems controlled from the remote shutdown
workstation is considered.

Deleted: for a single failure
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11.30 CONTROL SYSTEM FUNCTIONAL MODIFICATIONS

Correction to description of signal selector al2orithm

The signal selector algorithm applies to analog signals only. Binary signals use 2/4 voting logic to

prevent a single failure in the protection and safety monitoring system from affecting the control

system.

This change does not affect conformance to regulatory requirements and guidance.

The fourth paragraph of section 7.1.3.2 will be revised as shown:

7.1.3.2 Signal Selector Algorithms

Signal selector algorithms provide the plant control system with the ability to obtain
inputs from the protection and safety monitoring system. The signal selector
algorithms select those protection system signals that represent the actual status of
the plant and reject erroneous signals. Therefore, the control system does not cause
an unsafe control action to occur even if one of four redundant protection channels is
degraded by random failure simultaneous with another of the four channels bypassed
for test or maintenance.

Each signal selector algorithm receives data from each of the redundant divisions of
the protection and safety monitoring system. The data is received from each division
through an isolation device.

The signal selector algorithms provide validated process values to the plant control
system. They also provide the validation status, the average of the valid process
values, the number of valid process values, an alarm (if one process value has been
rejected), and another alarm (if two process values have been rejected).

For the logic values received from the protection and safety monitoring system, such
as permissives, ,wo-out-of-four (2/4) voting is used to provide a valid logic value to . Deleted: the signal selector algorithms
the plant control system,. perform voting on the logic valuesI Deleted: They also provide the

validation status, the number of valid
logic values, an alarm if one logic value
differs from the voted value, and another
alarm if two logic values differ from the
voted value.
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The pressurizer water level in the API000 is maintained within an operating region which is

programmed as a function of Tvg. No action is taken to increase or decrease the water level if it is

anywhere within the operating band. The system setpoints are on the upper and lower limits of the

operating region, not on the programmed nominal level. Compensation is applied to the nominal
water level only during load regulation operations. The pressurizer water level control paragraph of

section 7.7.1 will be revised as shown:

Pressurizer Water Level Control - The pressurizer water level control system
establishes, and maintains or restores pressurizer water level to its programmed
•perating region. Th!e required water level opcrating region is programmed as a
function of reactor coolant system temperature ,o minirmize charging and letdown
requirements. No challenges to the protection system result from normal operational
transients.

( Deleted: value

* Deleted: and power generation

Section 7.7.1.7 has been revised as shown:

7.7.1.7 Pressurizer Water Level Control System

The pressurizer water inventory, or level control, provides a reservoir for the reactor
coolant system inventory changes that occur due to changes in reactor coolant system
density. As the reactor coolant system temperature is increased from hot zero-load to
full-load values, the reactor coolant system fluid expands. The pressurizer level is
programmed to absorb this change. A deadband is provided around the nominal
pressurizer level programn to intermittently control charging and letdown. When the
pressurizer water level reaches the lower limit of the deadband, it actuates the
charging system. The charging system continues to operate until the level is restored
to a limit above the nominal program value. When the pressurizer water level reaches
the upper limit of the deadband, it actuates letdown to the liquid waste processing
system.

Pressurizer water level control provides stable and accurate control of pressurizer
level within a prescribed deadband around the programmed setpoint value, as derived
from the plant operating parameters. Automatic level control is supplied from the
point in the startup cycle where the hot zero-load level is established through

( Deleted: med setpoint

APP-G W-GLR-080 rO.doc



WESTINGHOUSE ELECTRIC COMPANY LLC
AP1000 Licensing Design Change Document Page 124 of 183

Document Number: APP-GW-GLR-080 Revision Number: 0
Title: Mark-up of AP1000 Design Control Document Chapter 7

100-percent power. The ,ominal water level program is also compensated for
changes in operating temperature that occur during load regulation operations.

Correction to the description of MSHIM operation

Westinghouse is reevaluating the MSHIM operating strategy to emphasize base load operations and

to support a reduction of effluent production during boron concentration changes to account for fuel

burnup. DCD section 4.3.4.2.16 is affected by this change. Revise subsection of 4.3.2.4.16 as shown:

4.3.2.4.16 Load Follow Control and Xenon Control

During load follow maneuvers, power changes are primarily accomplished using
control rod motion alone, as required. Control rod motion is limited by the control
rod insertion limits as provided in the technical specifications and discussed in
subsections 4.3.2.4.12 and 4.3.2.4.13. The power distribution is maintained within
acceptable limits through limitations on control rod insertion. Reactivity changes due
to the changing xenon concentration are also controlled by rod motion.

Rapid power increases (five percent/min) from part power during load follow
operation are accomplished with rod motion.

The rod control system is designed to automatically provide the power and
temperature control described above 30 percent rated power for most of the cycle
length without the need to change boron concentration as a result of the load
maneuver. The automated mode of operation is referred to as mechanical shim
(MSI-M) because of the usage of mechanical means to control reactivity and power
distribution simultaneously. MSHIIM operation allows load maneuvering without
boron change because of the degree of allowed insertion of the control banks in
conjunction with the independent power distribution control of the axial offset (AO)
control bank. The worth and overlap of the MA, MB, MC, MID, Ml, and M2 control
banks are designed such that the AO control bank insertion will always result in a
monotonically decreasing axial offset. MSHIM operation uses the MA, MB, MC,
MID, MI, and M2 control banks to maintain the programmed coolant average
temperature throughout the operating power range. The AO control bank is
independently modulated by the rod control system to maintain a nearly constant
axial offset throughout the operating power range. The degree of control rod insertion
under MSHIM operation allows rapid return to power without the need to change
boron concentration.

'. Deleted: reference
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control deadband, or reduced T.,. return
to power operationI

Deleted: Anticipated MSHI-M load
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Correction to the description of T-,,,, compensation

The DCD describes lead/lag compensation applied to the Tavg signal before it passes through the high

auctioneer. The AP1000 design is revised so that the lead/lag compensation is applied after the high

auctioneer. In addition to simplifying the implementation, this approach does not require

compensation to be factored into signal quality check acceptance criteria in the auctioneer. The

second paragraph of section 7.7.1.1.1 will be revised as shown:

The error between the programmed reference temperature (based on turbine impulse
chamber pressure) and the highest of the T,,g measured temperatures from. each.uf the
reactor coolant loops constitutes the primary control signal. The programmed coolant
temperature increases linearly with turbine load from the zero-power to the full-
power condition.

( Deleted: lead/lag compensated

Correction to the description of the T.,,, control band

Base load and load follow operations use the same Tavg control dead band. There is no advantage to

increasing the dead band during load follow operations; in fact, doing so would erode margins to
reactor trip setpoints. Expanding the dead band during load regulation operations allows some of the

power change to be handled by the negative moderator coefficient. The sixth paragraph of section

7.7.1.1.1 will be revised as shown:

Separate reactor control deadbands are used forvarious modes of control, If the plant
is in a ,load regulation mode of _operation, then the deadband is widened from-that
used for base load or load follow operation. This allows the core reactivity feedbacks
to assist in stabilizing the plant at the conclusion of the maneuver and reduces the
total control rod movement and subsequent wear on the control rods.
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Correction to the description of the axial offset control

The AP 1000 transient specification does not require complex "time weighted average" nuclear flux
and axial offset signal compensation on the inputs to the axial offset control band calculation. Simple

lag compensation is adequate. Section 7.7.1.1.2 will be revised as shown:

7.7.1.1.2 Axial Offset Control

The axial offset control subsystem controls the core axial offset (power difference
between the top and bottom halves of the core) to a value that is within the desired
control range for load follow and grid frequency change transients. This is
accomplished by using control rod banks separate from those used for the reactor
power control described in subsection 7.7.1.1.1. Measurements of axial offset are
input into the axial offset control subsystem and then compared to an axial offset
control "window." This window is calculated from measurements of compensated
excore nuclear flux, along with operator inputs for the desired axial offset target
value and target bandwidth and the mode of control (load follow, load regulation, or
base load). The nuclear flux signals are compensated by measurements of cold leg
temperature to account for the effects of moderation of the neutron flux by the reactor
vessel downcomer flow. If the plant is in a load regulation mode of control, then aUg
compensation is applied to both the nuclear flux and the axial offset signals. This
provides a smoothed nuclear flux and axial offset signal input to the axial offset
controller to avoid rapid temporary changes from actuating axial offset control. When
the axial offset error is outside the acceptable control window, the axial offset rods
are actuated until the axial offset error is back inside the control window.

- Deleted: a "smoothing"
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1~~.c.U. -nut -Vu. ... * . oUp-to-Ua..aaap..c

In the current control rod group-to-bank assignments there is one bank with three groups, two banks

with two groups, and three banks with one group each. The fifth paragraph of section 7.7.1.2 will be

revised as shown:

The power and axial offset control rod banks are the only rods that can be
manipulated under automatic control. Each bank contains one or more groups of four
control rod assemblies Each control rod assembly ina_group is electrically-paralleled
to move simultaneously. There is individual position indication for each control rod
assembly.

Deleted: is divided into two or more
groups to obtain smaller incremental
reactivity changes per step

Correction to the control rod insertion limits

The interlock and "low" and "low-low" alarms associated with control rod insertion limits have ben

revised. Section 7.7.1.4 will be revised as shown:

7.7.1.4 Control Rod Insertion Limits

With the reactor critical, the normal indication of reactivity status in the core is the
position of the control rod bank in relation to reactor power (as indicated by the AT
power monitors). The AT power signal is used to calculate insertion limits for the
banks. The following two alarms are provided for each bank.

* A "low" alarm plerts the operator of an approach to the M bank or AO bank
insertion limits, Further approach is avoided by following appropriate plant
operating procedures.

* A "low-low" alarm alerts the operator to take immediate action to restore margin
to the M bank-or AO.bank insertion limits, Interlocks will terminate automatic
AO bank withdrawal (to prevcnt further insertion of the M banks) or inscrtion (to
avoid the AO bank insertion limit).

The purpose of the control bank rod insertion alarms and interlocks is to provide
warning to the operator of excessive rod insertion and to terminate the insertion. The
insertion limit maintains sufficient core reactivity shutdown margin following reactor
trip. It also provides a limit on the maximum inserted rod worth in the unlikely event

Deleted: and interlock

Deleted: rod

Deleted: and acts to terminate
automatic AO bank rod insertion (on
reaching the AO bank "low" setpoint) or
AO bank rod withdrawal (on reaching a
M bank "low" setpoint). The operator
terminates M bank insertion and reactor
coolant system boron concentration
changes by following appropriate plant
procedures
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(for "low-low" AO bank alarm) that were
not stopped by the "low" setpoint
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of a hypothetical rod ejection. Insertion limits provide confidence that acceptable
nuclear peaking factors are maintained. Since the amount of shutdown reactivity
required for the design shutdown margin following a reactor trip increases with
increasing power, the allowable rod insertion limits are decreased (the rods must be
withdrawn further) with increasing power. The insertion limits for the M banks and
the AO bank are calculated from the reactor power, as measured by the AT power
monitor, according to the following equations:

ZLL=A +B.AT+C.ZAo+D-AT.ZAO

LLAO _=E

where:

M
AL = Maximum permissible insertion limit for the affected M control bank

ZL LA = Mxmmpermissible insertion limit for the affected AO control bank-

ZAO = Current AO bank position
• Deleted:" Average signal of valid

AT = ,Mediam value of the AT measurements

A,B,C,D,E = Constants chosen to maintain ZLL > the actual limit
based on physics calculations

The control rod bank demand position (Z) for the M banks and the AO bank is
compared to the respective ZLL as follows:

" IfZ - ZLL < F, a low alarmis actuated.
" If Z - ZLL < G, a low-low alarm and interlock is actuated.

Since nuclear peaking factors can be aggravated by the opposite movement of the M
banks and the AO bank, the interlocks on the AO bank are different, depending on
whether the M bank or the AO bank insertion limit setpoint is actuated. If an M bank
insertion limit is reached, this stops AO bank withdrawal and reduces the increases in
the core peaking factor. If an AO bank insertion limit is reached, this stops AO bank
insertion. If the M banks are fully withdrawn, AO bank automatic insertion is
blocked.

Deleted: and interlock
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Variable heater control is not sensitive to the rate of change in pressure. It will respond the same to

fast or slow small changes in pressure. The third paragraph of section 7.7.1.6 will be revised as

shown:

Small ,changes in pressure are regulated by modulation of the variable heater control.
Reset (integral) action is included to maintain pressure at its setpoint. Decreases in
pressure larger than that which can be accommodated by the variable heater control
results in the actuation of the backup heaters. The backup heaters are deactivated
when the variable heaters alone are capable of restoring pressure. Large increases in
the pressurizer water level also result in activation of the backup heaters. The purpose
of this action is to avoid the accumulation of subcooled fluid in the pressurizer,
thereby allowing flashing of the pressurizer fluid to limit the pressure decrease on
any subsequent outsurge.

4 Deleted: or slowly varying II
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Correction to the description of feedwater control logic

DCD Section 7.7.1.8 provides information on the feedwater controls. This section discusses

controlling the lift on the main and startup feedwater control valves using predicted differential

pressure across the control valve and the characteristic Cv of the valve. This logic has been revised.

Also, in the current feedwater control system design, only feedwater temperature (low power mode)

and steam flow (high power mode) are used to tune the integrator setpoints. Sections 7.7.1.8.1 and

7.7.1.8.2 will be revised as shown:

7.7.1.8.1 Feedwater Control

The feedwater control subsystem maintains a programmed water level in the shell
side of the steam generator during steady-state operation, and limits the water level
shrink and swell during normal plant transients. This prevents an undesirable reactor
trip actuation. Indication is provided for monitoring system operation. Alarms and
indications are provided to alert the plant operator of control system malfunctions or
abnormal operating conditions.

Two modes of feedwater control are incorporated in the feedwater control subsystem.

In the high-power control mode, the feedwater flow is regulated in response to
changes in steam flow and proportional plus integral (PI)-compensated steam
generator narrow range water level deviation from setpoint. In the low-power control
mode, the feedwater flow is regulated in response to changes in steam generator
wide-range water level and PI-compensated steam generator narrow range water
level deviation from setpoint., . . .. . .

The transition from the low to the high-power control mode is initiated on the basis
of the filtered high range feedwater flow signal. The transition point is set at a
feedwater flow corresponding to a power at which reliable steam flow indication is
expected. The transition point is also low enough to allow effective feedforward
control using wide range water level, and to allow feedwater flow indication within
the upper limit of the low range feedwater flow measurement. Tr'acking is provided
to allow a smooth transition between control modes and between manual and
automatic control.

A.high steam generator water level signal reduces the feedwater flow demand sigual

and closes the feedwater control valves.

7.7.1.8.2 Startup Feedwater Control

During no-load or very low power conditions, the main feedwater control subsystem
is not intended to be used for automatic control of the steam generator water level.
The startup feedwater control subsystem performs this function.

* Deleted: A separate low range
feedwater flow measurement is used in
the low-power feedwater control mode.

Deleted: If feedwater flow indication
falls below the lower limit of the effective
span of the low range feedwater flow
measurement, integration (reset) action of
the low-power mode feedwater flow
controller is inhibited.

Deleted: The feedwater valve lift
required to provide the demanded
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The startup feedwater control subsystem maintains a programmed water level in the
shell side of the steam generator during low power (below approximately 10 percent
of plant rated thermal power), no-load, and plant heatup and cooldown modes.
During low feedwater flow demand, feedwater is controlled by the startup feedwater
control subsystem. Transition between the main and startup feedwater line is
automatically controlled based on flow measurements within the respective lines. The
startup feedwater ,is also automatically actuated on signals whiyclch indicate a loss of
water inventory or heat sink in the secondary side of the steam generator and will
attempt to recover the inventory loss and retum the steam generator water level to the
programmed value. If the startup feedwater cannot recover the inventory deficit,
reactor cooling is initiated by the passive residual heat removal system.

The startup feedwater control subsystem regulates the flow of feedwater in a manner
which is similar to the way (main) feedwater is controlled in the low-power control
mode. Feedwater flow is regulated in response to changes in steam generator wide-
range water level and P1-compensated steam generator narrow range water level
deviation from setpoint. Tracking is provided to allow a smooth transition between
control modes and between manual and automatic control.

( Deleted: control subsystem
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Section 7.6.2.3 is revised as shown to be consistent with the technical specifications 3.5.1, 3.5.6,

3.5.7, and 3.5.8.

7.6.2.3 Interlocks for the Accumulator Isolation Valve and IRWST Discharge Valve

The accumulator isolation and in-containment refueling water storage tank injection isolation
valves are safety-related in order to retain their pressure boundary and remain in their open
position. The accumulator isolation and in-containment refueling water storage tank injection
valve operators are nonsafety-related since the valves are not required to change position to
mitigate an accident. The DCD Chapter 15 safety analyses assume that these valves are not
subject to valve mispositioning (prior to an accident) or spurious closure (during an accident).
Valve mispositioning and spurious closure are prevented by the following:

0 The Technical Specifications, Section 16.1, require these valves to be open and power
locked out whenever these injection paths are required to be available. The accumulators
are required to be available when the reactor coolant system pressure is above 10001ig._
Both in-containment refueling water storage tank injection lines are required to be
available in Modes 1, 2, 3, and 4. One in-containment refueling water storage tank
injection line is required to be available in Mode 5 and in Mode 6,

J Deleted: psia

I Deleted: with the reactor upper,
internals not removed and the refueling
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11.33 POST-ACCIDENT MONITORING SYSTEM TABLE CHANGES

This section contains changes in the post-accident monitoring system tables that affect chapter 7 of
the DCD that are described in APP-GW-GLN-004 (TR-39) and APP-GW-GLN-l 18 (TR- 118).

This change does not affect conformance to regulatory requirements and guidance.

Table 7.5-1 is revised as shown below and as described in APP-GW-GLN-004 (TR-39)

Table 7.5-1 (Sheet 3 of 12)

POST-ACCIDENT MONITORING SYSTEM

Qualification Numher of

Variable

Startup feedwater
flow

Startup fecdwatcr
control valve status

Containment
pressure

Containrrcnt
pressure (extended
tange)

Containment area
radiation (high
range)

Reactor vessel hot
leg water level

Plant vent radiation
level

Remotely operated
containttent
isolation valve status

Boundary environs
radiation

H lydrogen
concentration

Range/
Status

0-1000
gpyt

Open/
Closed

-5 to 10
psig

0 to 240
psig

10_7lo,
R

0-100%
of span

(Note 3)

Open/
Closed

N/A

0.20%

Type/
Category

F2

D2. F3

B1. C2, D2.
F2

CI

CI, E2, F2

B2. B3

C2, E2

B., D2

C3. E3

C3

SInstrunmenlts
Environmental Seismic Required

Mild Yes I/steam
generator
(Note I I)

I lash I YtF I/valve
1(Notc 7i

Harsh Yes 3
(Note 41

Ilarsh Yes 3
(Note 4)

llarsh Yes 3
(Note 4)

QDPS
Power Indication

Supply (Note 2)

IE No

Remarks

li E

IE

IE

;Yes

Yes

Yes

* Deleted: None

KDeleted: Non-

" Deleted: No -

I E Yes

Iarsh

Mild

I larsh/mild

None

None

Yes

None

Yes

None

None

IE

Non-I E

IE

Yes

No

YesI/valve

(Note 7)

N/A

Two instrutnents
are provided

Separate divisions
on series valves

Site specific

Three instrumnents
are provided

Non- I E No

Non- I E No
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Table 7.5-1 (Sheet 4 of 12)

POST-ACCIDENT MONITORING SYSTEM

Qualification Number of QDPS
Range] lypei Instruments Power Indication

Variable Status Category Environmenlal Seismic Required Supply (Note 2) Remarks

Class IEdc 0-150 D2 Mild Yes I/switchboard IE Yes
switchboard voltages Vde

Diesel generator On/Off F3 None None I/diesel Non-I E No
status generator

Diesel generator 0-6000 F3 None None I/diesel Non-I E No
load kW generator

Voltage for diesel- 0-8600V F3 None None 3/bus Non- I E No
backed buses

Power supply to On/Off F3 None None I/supply Non- I E No
diesel-backed buses source/bus

RCP bearing water 70- F3 ,iill. Yes. I/RCp. I.E .E-s

temperature 450°F (Note 10)

RCP breaker status Open/ 02. F3 Mild Yes I/breaker I E No
Closed (Note II)

Reactor trip breaker Open/ D2 Mild Yes I/breaker I E No
status Closed (Note Il)

MCR air storage 0-5000 D2 Mild None I Non-I E No Two instruments
bottle pressure psig are provided

Turbine stop valve Open/ D2 None None I/valve Non-I E No
status Closed (Note 12)

Turbine control valve Open/ D2 None None I/valve Non- I E No
status Closed (Note 12)

Pressurizer 1700- B I, -2 I larsh Yes 3 I E Yes
pressure 2500 (Note 4)

psig

Pressurizer safety Open/ D2 I Iarsh None I/valve Non-I E No
valve status Closed

Pressurizer heater 0-800 F3 None None I/group Non- I E No
power (current) amps

Steam generator Open] D2, F3 I l arsh I/valve I . ,E. .
PORV status Closed N.... rc 7-.
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Table 7.5-1 (Sheet 5 of 12)

POST-ACCIDENT MONITORING SYSTEM

Qualification Number of QDPS
Range/ Type/ Instruments Power Indication

Variable Status Category Environmental Seismic Required Supply (Note 2) Remarks

Steam generator Open/ 02, F3
PORV block valve Closed
status

Steam generator Open/ D2
safety valve status Closed

Main feedwater Open/ D2
isolation valve status Closed

Main feedwater flow 0-9x 106 F3
lb/hr

Main feedwater Opens D2
control valve status Closed

Steam generator Open/ D2
blowdown isolation Closed
valve status

Steam flow O-9x10 F3
lb/hr

Main steantt line Open/ D2. F3
isolation valve status Closed

Main steam line Open/ D2
isolation bypass Closed
valve status

Main feedwater On/Off D2. F3
puttp status

Main to startup Open/ D2. F3
fecdwater crossover Closed
valve status

Startup feed- On/Off F3
swater pump
status

Circulating water On/Off F3
pump sltats

Condenser 0-1 atm F3
backpressure

I Iarsh

flarsh

Harsh

None

Slarsh

Hlarsh

None

Ilarsh

I larsh

Mild

Mild

Yes l/valve
(Note 7)

I E Yes

None I/valve Non- I E No

Yes I/valve I E Yes
(Note 7)

None I/fecedline Non- I E No

I/valve ,I E- - - -s
'No. . ....................

Yes I/valve IE Yes
(Note 7)

None I/steam Non- I E No
generator

Yes I/valve I E Yes
(Note 7)

Yes I/valve I E Yes
(Note 7)

None I /pump Non- I E No

None I/valve Non- I E No

Deleted: None
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Table 7.5-1 (Sheet 6 of 12)

POST-ACCIDENT MONITORING SYSTEM

Qualification Number of QDPS
Range] Type/ Instruments Power Indication

Variable Status Category Environmental Seismic Required Supply (Note 2) Remarks

Startup feedwater Open/ D2 Harsh Yes I/valve I E Yes
Isolation valve status Closed (Note 7)

Condenser steam Open/ D2. F3 Mild None I/valve Non- I E No
dump valve status Closed

Condensate storage 0-100% F3 None None I Non-I E No
tank water level of span

PCS water storage Open/ 02 Mild . . .. I/val'e ..
tank isolation valve Closed fNlc
status (Non-MOV)

PCS water storage Open/ D2 Mild Yes I/valve I E Yes
tank series isolation Closed (Note 71
valve status (MOV)

Containment 32- D2, F3 I larsh None I Non- IE No
temperature 400TF

CCS surge tank level 0-I100%o F3 None None I Non-I E No
of span

CCS flow 0- F3 None None I Non-I E No
15.000
gpm

CCS pump On/Off F3 None None I/pump Non-IE No
status

CCS flos to RNS Open/ F3 None None I/valve Non-I E No
valve status Closed

CCS flow to Open/ F3 None None I/valve Non-IE No
RCPs valve Closed
status

CCS pump inlet 50- F3 None None I Non-I E No
temperature 200°F

CCS heat exchanger 50- F3 None None I Non-I E No
outlet temperature 130

0
F

Containment fan On/Off F3 None None I/fan Non- I E No
cooler status
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Table 7.5-1 (Sheet 7 of 12)

POST-ACCIDENT MONITORING SYSTEM

Qualification Number of QDPS
Range/ Type/ Instruments Power Indication

Variable Status Category Environmental Seismic Required Supply (Note 2) Remarks

Water-cooled chiller On/Off F3 None None I/chiller Non- I E No
status

Water-cooled chiilled On/Off F3 None None I/pump Non-IE No
water putnp status

Water-cooled chilled OpcV/ F3 None None I/valve Non-I C No
water valve status Closed

Spent fuel pool 0-1500 F3 None None I/pump Non-I E No
puinp flow gpm

Spent fuel pool 50- F3 None None I Non-IE No
temperature 25c°F

Spent fuel pool 0-100% D2,F3 PMild Yes 3 IE Yes
water level of span (Note 4)

CMT discharge Open/ D2 Harsh ' .v I/valve .. .E .... . Ye,.
isolation valve status Closed 7Note 7

CMT inlet isolation Open/ D2 Ilarsh Yes I/valve IE Yes
valve status Closed (Note 7)

CMT tipper water Above/ D2. F2 I larsh Yes I/tank I E Yes
level switch Below

CMT lower water Above/ D2. F2 I larsh Yes I/tank IE Yes
level switch Below

IRWST injection Open/ D2 Harsh .Yc; I/valve . .E.
isolation value Closed Note 7
(Squib)

IRWST line Open/ D3 None None I/valve Non-I E No
isolation Closed
valve status (MOV)

ADS: first. Open/ D2 Harsh Yes I/valve IE Yes
second and Closed (Note 7)
third stage
valve status
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Table 7.5-1 (Sheet 8 of 12)

POST-ACCIDENT MONITORING SYSTEM

Qualification Number of QDPS
Range/ Type] Instruments Poser Indication

Variable Status Category Environmental Seismic Required Supply (Note 2) Remarks

ADS fourth stage Open/ D2
valve status Closed
(Non-MOV)

ADS fourth stage Open/ D2
valve status (MOV) Closed

PRIHR I IX inlet Open/ D2
isolation valve status Closed

PRHR I IX control Position D2
valve status

IRWST gutter Open/ D2
bypass isolation Closed
valve status

Accumulator 100-800 D2
pressure psig

Accumulator Open/ D3
isolation valve status Closed

Accumulator vent Open/ F3
valve status Closed

Pressurizer spray Opeu/ F3
valve status Closed

Auxiliary spray Open/ D2, F3
line isolation valve Closed
status

Purification stop Open/ D2
valve status Closed

Containment Open/ D2
reeirculation Closed
isolation valve status
lNon-NIOV)

Containment Open/ D2
recirculation Closed
isolation valve status
IMOV)

Harsh Ye. l/valve
LN(tC 7.

Harsh Yes ]/valsve
(Note 7)

Harsh Yes I
(Note 7)

Harsh nYý- Is/valse

Harsh *i . I /valve
'Note 7

I I-' Yec.

IE Yes

...E .. . . .. . .. ..

I..' E .. . . . . . ' a

F Deleted: None

(Deleted, Non-

F Deleted: No

i Deleted: None

( Deleted: Non-

_Delete&No

Deleted: None

Deleted: Non- _

fi Deleted- -No

IHarsh None I/tank Non-IE No

None None I/valve Non-I E No

None None I/valve Non- I E No

None None I/valve Non- I E No

Harsh ,YLc I

Ilarsh Yes I/valve
(Note It)

Harsh ]Lc. I/ya!lvc
tNot, 7i

IE No

. l.E ... .. ... ... ...

I E Yes

IDeleted: None
Deleted: Non-

(Deleted: No

-1 Deleted: None

Deleted: Non-

Deleted: No

I larsh Yes I/valve
(Note 7)
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Table 7.5-1 (Sheet 9 of 12)

POST-ACCIDENT MONITORING SYSTEM

Qualification Number of QDPS
Range/ Type/ Instruments Power Indication

Variable Status Category Environmental Seismic Required Supply (Note 2) Remarks

Purification return Open/ D2 Ilarsh None I Non-lE No
line stop valve status Closed

Boric acid tank 0-100"% F3 None None I Non-lE No
level

Demineralized water Open/ D2 Mild [ I/valvse IE L
isolation valve status Closed (Note 7.

Boric acid flow 0-300 F3 None None I Non- I E No
gpm

Makeup blend valve Position F3 None None I Non-I E No
status

Makeup flow 0-300 F3 None None I Non- I E No
gpm

Makeup pump status On/Off F3 None None I/pump Non-I E No

Makeup flow Position F3 None None I Non- I E No
costrol .alve
status

Letdown flow 0-250 F3 None None I Non-I E No
gpum

RNS hot leg suction Open/ D2 I tarsh Yes I/valve I E Yes
isolation valve Closed (Note 7)
status

RNS flow 0-3000 F3 None None I/puntp Non-IE No
gpm

1 Deleted: None

FDeleted: Non-

[ Deleted: No
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Table 7.5-1 (Sheet 10 of 12)

POST-ACCIDENT MONITORING SYSTEM

Variable

IRWST to RNS
suction valve status

RNS discharge to
IRWST valve status

RNS pumrp status

Reactor vessel head
vent valve status

MCR return air
isolation valve status

MCR toilet exhaust
isolation valve status

MCR supply air
isolation valve status

MCR differential
pressure

NICR air delivery
floswrate

Range/
Status

Open/
Closed

Open/
Closed

On/Off

Open/
Closed

Open/
Closed

Open/
Closed

Open/
Closed

-I"to
+1" wg

0-80
efos

Type/
Category

BI,F3

F3

F3

D2

D2. F3

D2

D2. F3

D2

D2

Qualification Number of
Instruments

Environmental Seismic Required

Harsh Yes I
(Note 7)

None None I/valve

None None I/puomp

tlarsh ,'s. I/valve

M ild .. .. ... .. .vatv .
(-Note 7

Mild ,.Yeo . -l/valve

Mild u.si7. I/valve

Mild Yes 2

Mild Yes 2

QDPS
Power Indication

Supply (Note 2)

I E Yes

Remarks

Non-IE No

Non- I t No

11E Yt

A.JE ... .. . .... ... ):.'::

I E Yes

I E Yes

(Deleted: None

(Dele-e:Non-

(ýeleted:. No -

Deleted: None

(Deleted: Non-
, Deleted: No

(Deleted: Non

(Deleted: Non-

113ýed: None

Deleted.,Non- _____

Deleted: No
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Table 7.5-1 (Sheet 11 of 12)

POST-ACCIDENT MONITORING SYSTEM

Qualification Number of QDPS
Range] rype/ Instruments Power Indication

Variable Status Category Environmental Seismic Required Supply (Note 2) Remarks

MCR air delivery Open/ D2 Mild Y . I/valve - JE .. ..............
isolation valve status Closed L(Nte7..

Instrument air 0-125 F3 None None I Non-IE No
header pressure psig

Service water flow 0-10,000 F3 None None I/pump Non-IE No
gprts

Service water pump On/Off F3 None None I/pump Non- IE No
status

Service water pump Open! F3 None None I/valve Non- I E No
discharge valve Closed
status

Service water pump 50- F3 None None 1/poump Non- I E No
discharge 150'F
temperature

Main control room Note 5 E3. F3 Mild Yes 2 I F No
supply air radiation (Note 9)

Plant vent air onse 0-110% E2 Mild None I Non-IE No)
design
flow

Deleted: None

Deleted: Non-

Deleted: No

Turbine island vent 1), - C2. E2
discharge radiation 10'l

level ,Ci/cc

Steam generator I 0 - C2
blowdown discharge lto
radiation pCi/ce

Steam generator 10), - C2
blowdown brine 10'
radiation level pCi/ce

Mild None

Mild None

Mild None

Non-IE No

Non-I E No

Non-IE No
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Table 7.5-1 is revised as shown below and as described in APP-GW-GLN-1 18 (TR-1 18)

Table 7.5-1 (Sheet 9 of 12)

POST-ACCIDENT MONITORING SYSTEM

Number of
Range! Type/ Instruments Power

variable Status Category Qualification Required Supply

QDPS
Indication

(Note 2) Remarks

Purification return

line stop valve status

Boric acid tank

level

Deminceralhed water

isolation valve status

Boric acid floss

Makeup blend valve

status

Makeup flow

Makeup puatp status

Makeup flow

control valve

status

Leidosso flow

RNS hot leg suction

isolation salve

status

RNS flow

Open/
Closed

0-100%

Open/
Closed

gpi 17.

Position

0-34904
gpm 175

On/Off

Position

D2

F3

D2

F3

F3

F3

F3

F3

Environmental Seismic

Ilarsh None

None None

Mild None

None None

None None

None None

None None

None None

I Non-[E

I Non-IE

I/valve Non- I E

Non-IE

Non-IE

I Non-IE

I/pump Non-I E

Non-IE

No

No

No

No

No

No

No

No

0-4__-o F3

gpm.

Open/ D2
Closed

0-3000 F3

gpm

None None

I larsh Yes I/valve
(Note 7)

None None I/pumisp

Non-I E No

I E Yes

Non-lE No
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11.34 DAS PLATFORM TECHNOLOGY AND REMOTE INDICATION CHANGES

This section contains changes in the DAS system that affect chapter 7 of the DCD that are described in
APP-GW-GLN-022 (TR-97).

This change does not affect conformance to regulatory requirements and guidance.

Section 7.7.1.11 has been revised as follows:

Automatic Actuation Function

The automatic actuation signals provided by the diverse actuation system are generated in a functionally diverse

manner from the protection system actuation signals. The common-mode failure of sensors of a similar design

is also considered in the selection of these functions.

The automatic actuation function is accomplished by redundant jpgk..subsystems._ Input signals are received

from the sensors by an input signal conditioning block, which consists of one or more electronic modules. This

block converts the signals to standardized levels, provides a barrier against electromagnetic and radio frequency

interference, and presents the resulting signal to the input signal conversion block. The conversion block

continuously performs analog to digital signal conversions and stores the value for use by the signal processing

block.

The signal processing block polls the various input signals evaluates the input signals against stored setpoints, _

executes the ,ogic when thresholds are exceeded, and issues actuation commands.

The resulting output signals are passed to the output signal conversion block, whose function is to convertjogic

states to parallel, low-level dc signals. These signals are passed to the output signal conditioning block. This

block provides high-level signals capable of switching the traditional power plant loads, such as breakers and

motor controls. It also provides a barrier against electromagnetic and radio frequency interference.

Diversity is achieved by the use of a different architectures, hardware implementations, andc.psoftware from

that of the protection and safety monitoring system.

Diversity of any software is achieved by running different operating systems and progarnaming in different
languages.

Deleted: mk+,pre, see-4rased I

Deleted: i.-.utstder • BL-zl cF&

Deleted:

Deleted: di4efeFri

Deleted: The d .... desgn. we

Se'twm d ---em.¶
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Manual Actuation Function

[The manual actuation.finction of the diverse actuation system is implemented by hard-wiring the controls

located in the main control room directlv to the.final loads in a way that completely bypasses the normal path

through the control room multiplexers, the protection and sa4't e monitoring system cabinets, and the diverse

actuation system automatic logic.] *

The diverse manual functions are:

* Reactor and turbine trip

* Passive containment cooling actuation

• Core makeup tank actuation and reactor coolant pump trip

" Open stage I automatic depressurization system valves

* Open stage 2 automatic depressurization system valves

" Open stage 3 automatic depressurization system valves

" Open stage 4 automatic depressurization system valves

" Open the passive residual heat removal discharge isolation valves and close the in-containment
refueling water storage tank gutter isolation valves

* Selected containment penetration isolation

* Containment hydrogen igniter actuation

" Initiate in-containment refueling water storage tank injection

* Initiate containment recirculation

" Initiate in-containment refueling water storage tank drain to containment

In addition to the above functions, a redundant method of actuating the following components is

provided at the DAS squib valve control cabinet:

* Open stage 4 automatic depressurization system valves

* Initiate in-containment refueling water storage tank injection

APP-GW-GLR-080 rO.doc
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I lnitiate containment recirculation

I lnitiate in-containment refueling water storage tank drain to containment

Indication

To support the diverse manual actuations, sensor outputs are displayed in the main control room in a manner

that is diverse from the protection system display functions. The instrument sensor output displayed in the main

control room is repeated at the DAS instrumentation cabinet. The indications that are provided from at least two

sensors per function are:

" Steam generator water level - for reactor trip and passive residual heat removal actuations, and for
overfill prevention by manual actuation of the automatic depressurization system valves

" Hot leg temperature - for passive residual heat removal actuation

" Core exit temperature - for automatic depressurization system actuation and subsequent initiation of in-
containment refueling water storage tank injection and also containment hydrogen igniter actuation

" Pressurizer level - for core makeup tank actuation and reactor coolant pump trip

" Containment temperature - for containment isolation and passive containment cooling system actuation

Equipment Qualification and Quality Standards

The diverse actuation system is located in a controlled environment, but is capable of functioning during and

after normal and abnormal events and conditions that include:

* Wide temperature range of 40' to 120'F
* Noncondensing relative humidity up to 95 percent
* Radio frequency and electromagnetic interference

The diverse actuation system processor cabinets are located in the portion of the Annex Building that is a

Seismic Category II structure. The diverse actuation system equipment, including actuated devices, is designed

and tested in accordance with industry standards. The adequacy of the hardware and PMnv software is
demonstrated through the verification and validation program discussed in subsection 7.1.2.14. This program

provides for the use of commercial off-the-shelf hardware and software. As the diverse actuation system

performs many of the protection functions associated within the ATWS systems used in existing plants, the

diverse actuation system is designed to meet the quality guidelines established by Generic Letter 85-06,

"Quality Assurance Guidelines for ATWS Equipment that is not Safety-Related."
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PART B - CHANGES TO BE INCORPORATED IN NEXT DCD REVISION
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I1. TECHNICAL DESCRIPTIONS AND JUSTIFICATIONS

11.1 DESIGN COMPLETION

Table 1.6-1 is revised to correct the references.

I. Delete the reference to WCAP-1 3382, which is AP600 specific and described the Eagle product

line.

2. Delete the reference to WCAP-133 83, which is AP600 specific and related to the Eagle product

line.

3. Delete the reference to WCAP-14080 and WCAP 14081 which are AP600 specific.

4. Change the reference for the Software Program Manual from CE-CES- 195 Rev. 01 to WCAP-

16096-NP-A 01A. The new reference is the latest Nuclear Regulatory Commission accepted

version. The Software Program Manual was accepted by the Nuclear Regulatory Commission in

ML003740165 (Reference 6), ML0305507760 (Reference 8), and ML042730580 (Reference 9).

5. Change the reference for the Common Qualified Platform Topical Report from CENPD-396-P,
Rev. 01 to WCAP-16097-P-A, Rev. 0. The new reference is the latest Nuclear Regulatory

Commission accepted version. The Common Q Platform was accepted by the Nuclear Regulatory

Commission in ML003740165 (Reference 6), ML01 1690170 (Reference 7), and ML0305507760
(Reference 8).

6. Add the reference to WCAP-16361 which is an API000 technical report that has been separately

submitted to the Nuclear Regulatory Commission.

7. Add the reference to WCAP-16675 which is an API000 technical report that has been separately

submitted to the Nuclear Regulatory Commission.

8. Added a section 7.2 reference to WCAP-16097-P-A, Rev. 0. The new reference is the latest

Nuclear Regulatory Commission accepted version. The Common Q Platform was accepted by the

Nuclear Regulatory Commission in ML003740165 (Reference 6), ML01 1690170 (Reference 7),

and ML0305507760 (Reference 8).
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Table 1.6-1 (Sheet 12 of 20)

MATERIAL REFERENCED

DCD

Section Westinghouse Topical

Number Report Number Title

7.1

[ WCAP-14605 (P) Westinghouse Setpoint Methodologyfor Protection Sstems - AP600,
WCAP-14606 April 1996]*

WCAP-15775 AP 1000 Instrumentation and Control Defense-in-Depth and
Diversity Report, Revision 2, March 2003

L WC1l.A- 160.96-P-A Sofilare•Progwran hanual for Common 0 Systems. Revision j,..
,Ztyniry 2004]*

L[ WCA P- 1609 7-P-A. Common Qualified Platormn, Revision 01, Mlavy 0*
WRCAP- 16097-NP-A

WCAP-15776 Safety Criteria for the AP 1000 Instrumentation and Control
Systems, April 2002

WCAP-16361-P Westinghouse Setpoint Methodology for Protection Systems -
WCAP- 16361-NP AP1000, May 2006

WCAP-16675-P AP1000 Protection and Safety Monitoring System Architecture
WCAP- 16675-NP Technical Report, February 2007

7.2 WCAP-16438-P FMEA of AP 1000 Protection and Safety Monitoring System,
WCAP-16438-NP Revision 1, June 2006

WCAP-16592-P Software Hazards Analysis ofAP!000 Protection and Safety
WCAP-16592-NP Monitoring System, Revision 0, June 2006

WCAP-15776 Safety Criteria for the AP1000 Instrumentation and Control
Systems, April 2002

.[Deleted: WCAP-13382 (P).
WCAP-13391

Deleted: AP600 Instrmentation andtControl Hardware Description. May 1992

Deleted: [WCAP-13383

Deleted: AP600 Instrumentation and
Control Hardware antd Software Design,
Verification. and Validation
Process Report, Revision 1, June 1996]*

Deleted: WCAP-14080 (P).
WCAP-14081I

Deleted: AP600 Instrumentation and
Control Software Architecture and
Operation Description, June 1994

Deleted: CE-CES-195

Deleted: May 2000

SDeleted: 2000

(Deleted: CENPD-396-P (P)

,'(7Deleted: [WCAP-15927

Deleted: Design Process for AP1000
Common Q Safest Systems.
August 2002]*
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WCAP- 16097-P-A
WCAP- 16097-NP-A

Common Qualified Platform, Digital Plant Protection System,
Appendix 3, May 2003

7.3 WCAP-15776 Safety Criteria for the AP1000 Instrumentation and Control
Systems, April 2002

Section 7.1.2.14.2 is revised to delete the reference to AP600/Eagle specific document WCAP-13383 and to

update the Common Qualified Platform Topical Report from CENPD-396-P to WCAP-16097-P-A

7.1.2.14.2 Commercial Dedication

[ WCAP-1609 7-P-A (Reference 8) provides for the use of commercial off-the-shelf harchdare and
sofru'are through a commercial dedication process.]* Control of the hardware and software during
the operational and maintenance phase is the responsibility of the Combined License applicant as
described in subsection 13.5.1.

The last sentence of section 7.1.3 is revised to correctly describe the Figure 7. 1-1.

Figure 7.1-1provides an illustration of the instrumentation and control architecture for the API000
and the plant control system.

Section 7.1.7 is revised to correct Reference 20.

7.1.7 References

20. NABU-DP-00014-GEN, Rev. 1 (Proprietary), "Design Process for Common Q Safety_
Systems," March 2006.

Deleted: 13383 (Reference 3) and
CENPD-396-P I

-( Deleted: 0

-( Deleted: NAMB
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11.3 ELIMINATION OF CONTROL ROOM MULTIPLEXER

Section 3.1.3 and section 7.7.1.11 are revised to eliminate text that described the way Eagle product line

interfaces to control board switch. Is does not apply to Common Q and is extraneous to these sections.

This change does not affect conformance to regulatory requirements and guidance.

Section 3.1.3 has been revised as follows:

3.1.3 Protection and Reactivity Control Systems

Criterion 20 - Protection System Functions

The protection system shall be designed (1) to initiate automatically the operation of appropriate
systems, including the reactivity control systems, to assure that specified acceptable fuel design
limits are not exceeded as a result of anticipated operational occurrences and (2) to sense accident
conditions and to initiate the operation of systems and components important to safety.

AP1000 Compliance

The protection system is a microprocessor-based system that trips the reactor and actuates
engineered safety features when predetermined limits are exceeded or when manually initiated.

The reactor trip portion of the protection system includes four independent, redundant, physically
separated, electrically-isolated divisions. The coincidence circuits guard against the loss of
protection or the generation of false protection signals due to equipment failures through the use of
a two-out-of-four logic and built-in operational bypasses.

Independent, redundant, physically separated, electrically-isolated engineered safety features trains
are provided. Signal conditioning for the plant sensors is provided., ..........................

See Chapter 7 for additional information concerning the design of the protection system.

- Deleted: Control and status signals are
transmitted between the protection
system and the main control room and the
remote shutdown workstation by
electrical data links and between the
distributed logic circuits by internally
redundant fiber optic data highways.
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Section 7.7. 1.11 has been revised as follows:

Manual Actuation Function

[The manual actuationfiunction of the diverse actuation svstenm is implemented by hard-wiring the controls

located in the main control room directly to the final loads in a wa that completely bypasses the normnal path
through ,the protection.and.sqfaety mo•nitoring system cabinets, and the diverse actuation system automatic

logic.] *

'[ Deleted: the control roo.n multiplexers.

11.7 LOW REACTOR COOLANT FLOW REACTOR TRIP LOGIC MODIFICATIONS

See Rev 16 change section 11.7 for description and justification for change.

This change does not affect conformance to regulatory requirements and guidance.

7.2.1.1.3 Core Heat Removal Trips

Reactor Trip on Low Reactor Coolant Flow

This trip protects against departure from nucleate boiling in the event of low reactor coolant flow.
Flow in each hot leg is measured at the hot leg elbow. The trip on low flow in the hot legs is
automatically blocked when reactor power is below the P-10 permissive setpoint. This enhances
reliability by preventing unnecessary reactor trips. The trip function is automatically reset when
reactor power is above the P- 10 setpoint.

Figure 7.2-1, sheet 5 shows the logic for this trip. The development of permissive,_P-10_,_shown in
Figure 7.2-1, sheet 4.

-( Deleted: s

JDeleted: and P-8 are
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Table 15.0-4a (Sheet 1 of 2)

PROTECTION AND SAFETY MONITORING SYSTEM
SETPOINTS AND TIME DELAY ASSUMED IN ACCIDENT ANALYSES

Limiting Setpoint Time Delays

Function Assumed in Analyses (seconds)

Reactor trip on power range high neutron flux, 118% 0.9
high setting

Reactor trip on power range high neutron flux, 35% 0.9
low setting

Reactor trip on source range neutron flux Not applicable 0.9
reactor trip

Overtemperature AT Variable (see Figure 15.0.3-1) 2.0

Overpower AT Variable (see Figure 15.0.3-1) 2.0

Reactor trip on high pressurizer pressure 2460 psia 2.0

Reactor trip on low pressurizer pressure 1800 psia 2.0

Reactor trip on low reactor coolant flow in 87% loop flow 1.45
either hot leg

Reactor trip on reactor coolant pump under 90% 0.767
speed

Reactor trip on low steam generator narrow 95,000 Ibm 2.0
range level

High-2 steam generator level 100% of 2.0 (reactor trip)
narrow range level span 0.0 (turbine trip)

2.0 (feedwater isolation)

Reactor trip on high-3 pressurizer water level 76% of span 2.0

PRHR actuation on low steam generator wide 55,000 Ibm 2.0
range level

"S" signal and steamline isolation on low Told 500°F 2.0

"S" signal and steamline isolation on low 405 psia (with an adverse 2.0
steamline pressure environment assumed)

535 psia (without an adverse
environment assumed)

"S" signal on low pressurizer pressure 1700 psia 2.0

Deleted: High neutron flux, P4- [
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Table 15.0-6 (Sheet 3 of 4)

PLANT SYSTEMS AND EQUIPMENT
AVAILABLE FOR TRANSIENT AND ACCIDENT CONDITIONS

Reactor ESF

Trip Actuation ESF and

Incident Functions Functions Other Equipment

Section 15.4 (Cont.)

Uncontrolled RCCA bank Power range high neutron - Pressurizer safety
withdrawal at power flux, high power range valves, steam generator

positive neutron flux rate, safety valves
overtemperature AT, over-
power AT, high pressurizer
pressure, high pressurizer
water level, manual

RCCA misalignment Overtemperature AT, - -

manual

Startup of an inactive Power range high flux, low - -

reactor coolant pump at an flow (P-JO interlock),
incorrect temperature manual

Chemical and volume Source range high flux, Source range flux Low insertion limit
control system malfunction overtemperature AT, doubling annunciators
that results in a decrease in manual
boron concentration in the
reactor coolant

Spectrum of RCCA ejection Power range high flux, high - Pressurizer safety
accidents positive flux rate, manual valves

Section 15.5

Increase in reactor coolant
inventory

Inadvertent operation of the High pressurizer pressure, High pressurizer level, Core makeup tank,
ECCS during power manual, "safeguards" trip, low T,.td pressurizer safety
operation high pressurizer level valves, chemical and

volume control system
isolation, PRHR

Chemical and volume High pressurizer pressure, High pressurizer level, Core makeup tank,
control system malfunction "safeguards" trip, high low TooId pressurizer safety
that increases reactor pressurizer level, manual valves, chemical and
coolant inventory volume control system

isolation, PRHR

[ Deleted: 8 J
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11.8 OVERTEMPERATURE/OVERPOWER AT REACTOR TRIP MODIFICATIONS

See Revision 16 change section 11.8 for description and justification for change.

This change does not affect conformance to regulatory requirements and guidance.

Bases section B.2.1

SAFETY
LIMITS

The figure provided in the COLR shows the loci of points of THERMAL
POWER, RCS pressure, andcold temperature for which the minimum
DNBR is not less than the safety analysis limit, that fuel centerline
temperature remains below melting, that the average enthalpy in the hot
leg is less than or equal to the enthalpy of saturated liquid, or that the exit
quality is within the limits defined by the DNBR correlation.

The reactor core SLs are established to preclude violation of the
following fuel design criteria:

a. There must be at least a 95% probability at a 95% confidence level (the
95/95 DNB criterion) that the hot fuel rod in the core does not
experience DNB and

b. There must be at least a 95% probability at a 95% confidence level that
the hot fuel pellet in the core does not experience centerline fuel melting.

The reactor core SLs are used to define the various RPS functions such
that the above criteria are satisfied during steady state operation, normal
operational transients, and anticipated operational occurrences (AOOs).
To ensure that the RPS precludes the violation of the above criteria,
additional criteria are applied to the Overtemperature and Overpower AT
reactor trip functions. That is, it must be demonstrated that the average
enthalpy in the hot leg is less than or equal to the saturation enthalpy and
the core exit quality is within the limits defined by the DNBR
correlation. Appropriate functioning of the RPS ensures that for
variations in the THERMAL POWER, RCS Pressure, RCS cold leg
temperature, RCS flow rate, and Al that the reactor core SLs will be
satisfied during steady state operation, normal operational transients, and
AOOs.

'IDeleted: average

. Deleted: average
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11.9 FLUX DOUBLING/BORON DILUTION MODIFICATIONS

See Revision 16 change section 11.9 for description and justification for change.

This change does not affect conformance to regulatory requirements and guidance.

Table 7.3-2 (Sheet I of 4)

INTERLOCKS FOR ENGINEERED SAFETY FEATURES ACTUATION SYSTEM

Designation Derivation Function

P-6 Intemiediate range neutron flux channels _N.Jone
above setpoint

P-6 Intermediate range neutron flux channels Prevents manual block of flux doubling
below setpoint actuation, permitting block of boron dilution

-. Deleted: Allows manual block of flux
doubling actuation of the boron dilution
block.

DCD Figure 9.3.6-1 Sheet Revisions

Sheet I., Note 8 - Change text to read "...High 1 Pressurizer Level, High-High Radiation, or Flux Doubling

Signal"

Sheet 2, Note 3 - Add text "Pumps Stop on receipt of Flux Doubling Signal" to existing note.

Sheet 2, Note 8 - Remove text "A Source Range Flux Doubling Signal" from the existing note.

DCD Subsection 9.3.6.3.7 Revision

Makeup Line Containment Isolation Valves

These normally open, motor-operated globe valves provide containment isolation of the chemical and
volume control system makeup line and automatically close on a high-2 pressurizer level, high steam
generator level, or high-2 containment radiation signal from the protection and safety monitoring system.
The valves close on a source range flux doubling signal to terminate possible unplanned boron diluition
events. The valves also close on a safeguards actuation signal coincident with high-I pressurizer level. This
allows the chemical and volume control system to continue providing reactor coolant system makeup flow,
if the makeup pumps are operating following a safeguards actuation signal. These valves are also controlled
by the reactor makeup control system and close when makeup to other systems is provided. Manual control
is provided in the main control room and at the remote shutdown workstation.

APP-GW-GLR-080 r0.doc



WESTINGHOUSE ELECTRIC COMPANY LLC
AP1000 Licensing Design Change Document

Document Number: APP-GW-GLR-080
Title: Mark-up of APl000 Design Control Document Chapter 7

Page 156 of 183

Revision Number: 0

9.3.6.4.5.1 Boron Dilution Events

The chemical and volume control system is designed to address a boron dilution accident by closing

,redundant safety-related.valve&, tripping the makeup putmps and/or aligning the suction of the makeup

pumps to the boric acid tank.

For dilution events occurring at power (assuming the operator takes no action), a reactor trip is initiated on

either an overpower trip or an overtemperature AT trip. Following a reactor trip signal, the line from the

demineralized water system is isolated by closing two safety-related, ,_air-operated valves. The three-way.

pump suction control valve aligns so the makeup pumps take suction from the boric acid tank.,Lf the eent

occurs while the makeup pumps are operating, the realignment of these valves causes the makeup pumps, if

they continue to operate, to borate the plant.

For dilution events during shutdown, the source range flux doubling signal is used to isolate the makeup

line to the reactor coolant system by closing the two saf.lty related, motor operated valves, isolate the line

from the demineralized water system by closing the two safety-related, •j~operated valves and trip the

makeup pumps.,For refueling operations, administrative controls are used to prevent boron dilutions by

verifying the valves in the line from the demineralized water system are closed and secured.

- Deleted: either one of two

[ Deleted: , air-operated

Deleted: valves

Deleted: from the demineralized water

system to the makeup pump suction

"- Deleted: remotely

-(Deleted: When

[ Deleted: trip

(Deleted: remotely

-F Deleted: The three-way pump suction
control valve aligns the makeup pumps to
take suction from the boric acid tank and
therefore stops the dilution.
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9.3.6.6.1.2 Flow Testing

Each chemical and volume control system pump is tested to measure the flow rate from each makeup pump

to the reactor coolant system. Testing will be performed with the pump suction aligned to the boric acid tank

and the discharge aligned to the reactor coolant system. Testing will also be performed with the pump

suction aligned to the boric acid tank and the discharge aligned to the pressurizer auxiliary spray. Flow will

be measured using instrumentation in the pump discharge line. Testing will confirm that each pump

provides at least 100 gallons per minute of makeup flow at normal reactor coolant system operating

pressure. This is the minimum flow rate necessary to meet the chemical and volume control system

functional requirement of providing makeup and pressurizer spray to support the functions described in

subsection 9.3.6.4.4.1. Testing is performed to verify that the maximum makeup flow with both pumps
operating is less than 17.5 gpm, as assumed in the boron dilution analyses presented in subsection 15.4.6 .

Testing is performed with both pumps operating and taking suction from the demineralized water system.

The chemical and volume control system is aligned to the reactor coolant system at a pressure at or near

atmospheric pressure.

DCD Subsection 9.3.6.7 Revisions

I Deleted: 200

" Demineralized water system isolation valves - To prevent inadvertent boron dilution, the
demineralized water system isolation valves close on a signal from the protection and safety
monitoring system derived from either a reactor trip signal, a source range flux doubling signal, low
input voltage (loss of ac power) to the I E dc and unintermrtible power supplysystem battery chargers,_
or a safety injection signal providing a safety-related method of stopping an inadvertent dilution. The
main control room and remote shutdown workstation provide manual control for these valves.

* Makeup isolation valves - To isolate the makeup flow to the reactor coolant system, two valves are
provided in the chemical and volume control system makeup line. These valves automatically close on
a signal from the protection and safety monitoring system derived from, source range flux doubling,_
high-2 pressurizer level, high steam generator level. or ._a safeguards signal coincident with high-I
pressurizer level to protect against pressurizer or steam generator overfill. Manual control for these
valves is provided in the main control room and at the remote shutdown workstation. In addition, the
valves close on a high-2 containment radiation signal to protect containment integrity.

* Deleted: a

J Deleted: urinterruptable

IDeleted: either

sDeleted: a
{Deleted: signal
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Table 14.3-2

DESIGN BASIS ACCIDENT ANALYSIS

Reference Design Feature Value

Section 7.3.1.2.14 The demineralized water system isolation valves close on a
signal from the protection and safety monitoring system
derived from either a reactor trip signal, a source range flux
doubling signal, or low input voltage to the IE
dqur]interruptible power supply battery chargers._.

Section 7.3.1.2.15 The chemical and volume control system makeup line
isolation valves automatically close on a signal from the
protection and monitoring system derived from~a sOttrce
range flux (louhli'g, high-2 pressurizer level, high-2 steam
generator level signal, a safeguards signal coincident with
high-I pressurizer level, or high-2 containment radioactivity.

Section 9.3.6.7 The chemical and volume control system makeup line isola-
tion valves automatically close on a signal from the protect-
tion and safety monitoring system derived from,a soutrce
rngntil doubiing high-2 pressurizer level, high steam
generator level signal, or a safeguards signal coincident with
high-l pressurizer level.

-i Deleted: and

Deleted: either

Deleted: either J
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Table 19.59-18 (Sheet 23 of 24)

AP1000 PRA-BASED INSIGHTS

Insight Disposition

70. One CVS pump is configured to operate on demand while the other CVS pump is in 9.3.6.3.1 & 19.15
standby. The operation of these pumps will alternate periodically.

I... ... ... ... ................. .......................... ... ... ... ... ... .................................. 7..3,.,2.1.4

On a source range flux doublings the PMS automatically closes two safety
related CVS makeup line isolation valves closes two safety-ry l cated CVS
demineralizgd water suction valves to the tmakuep Apupsand trips the makeup

pumps. On a reactor trip or low input voltage to the Class 1E dc power system
battery chargers, the PMS closes the two safety-related CVS demineralized water
suction valves to the makeup pumps and aliens the makeup pump suction to the
boric acid tank.

Deleted: The safety-related PMS boron
dilution signal automatically re-aligns
CVS pump suction to the boric acid tank.
This signal also closes the two safety-
related CVS demineralized water supply
valves. This signal actuates on reactor
trip signal (interlock P-4), source range
flux doubling signal, or low input voltage
to the Class I E dc power system battery
chargers.
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ESFAS Instrumentation
B 3.3.2

BASES

APPLICABLE SAFETY ANALYSES, LCOs and APPLICABILITY (continued)

15. Boron Dilution Block

The block of boron dilution is accomplished by closing the
CVS suction valves to demineralized water storage tanks,
and aligning the boric acid tank to the CVS makeup
pumps. This Function is actuated by Source Range
Neutron Flux Doubling, Reactor-Trip, and BatteryC.harger
Input Voltage - Low.

15.a. Source Range Neutron Flux Doubling_

A signal to block boron dilution in MODES 2 or 3, when not
critical or during an intentional approach to criticality, ,a-nd
MODES,4, or 5 is derived from source range neutron flow. ............
increasing at an excessive rate (source range flux doubling).
This Function is not applicable in MODES 4 and 5 if the
demineralized water makeup flowpath is isolated. The source
range neutron detectors are used for this Function. The LCO
requires four divisions to be OPERABLE. There are four
divisions and two-out-of-four logic is used. On a coincidence
of excessively increasing source range neutron jlux in two_0 of
the four divisions, demineralized water is jsolated from the.
makeup pumps and reactor coolant makeup is isolated from
the reactor coolant system to preclude a boron dilution event.
In MODE 6, a dilution event is precluded by the requirement in
LCO 3.9.2 to close, lock and secure at least one valve in each
unborated water source flow path

Deleted: Multiplication

Deleted: Multiplication

.(Deleted: below the P-6 interlock

Deleted: 3,

Deleted: flow multiplication

Deleted: flow

( Deleted: makeup I
i
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11.12 REMOVAL OF LOW-2 RCS HOT LEG SIGNAL FROM IRWST INJECTION LOGIC.

See Revision 16 change section 11.12 for description and justification for change.

This change does not affect conformance to regulatory requirements and guidance.

Table 7.3-1 (Sheet 8 of 9)

ENGINEERED SAFETY FEATURES ACTUATION SIGNALS

No. of

Divisions/ Actuation

Actuation Signal Controls Logic Permissives and Interlocks

21. Open In-Containment Refueling Water Storage Tank (IRWST) Injection Line Valves
(Figure 7.2-1, Sheets 12 and 16)

a. Automatic reactor coolant (See items 3d and 3e)
system depressurization
(fourth stage)

SI... ... .. ... ... ... ... .. ... .. ... ...

1, Manual initiation 4 controls 2/4 controls3  None

Table 7.3-2 (Sheet 3 of 4)

INTERLOCKS FOR ENGINEERED SAFETY FEATURES ACTUATION SYSTEM

Designation Derivation Function

P-12 Pressurizer level below setpoint (d) Coincident with manual action of (a),
automatically unblocks fourth stage.
automatic depressurization system
initiation on low hot leg level to provide
protection during mid-loop operation

P-12 Pressurizer level above setpoint (e) Automatically blocks fourth stage .
automatic depressurization system
initiation on low hot leg level to reduce the
probability of spurious actuation

Deleted: b. Coincident loop I and"l"oop 2 Low-2 hot leg level (after delay)

[ Deleted: I per loop

Deleted: 2/2

Deleted: Manual unblock permitted
below P-12.
Automatically blocked above P-12

Deleted: c

' IDeleted: in-containment refueling
[water storage tank injection and .

Deleted: in-containment refueling
water storage tank injection and
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11.13 CREATION OF NEW PERMISSIVE P-3 FOR SAFEGUARDS ACTUATION BLOCK

See Revision 16 change section 11.13 for description and justification for change.

This change does not affect conformance to regulatory requirements and guidance.

This change requires modifications to Section B 3.3.2, as shown below.

BASES

APPLICABLE SAFETY ANALYSES, LCOs, and APPLICABILITY (continued)

18. ESFAS Interlocks

To allow some flexibility in unit operations, several interlocks
are included as part of the ESFAS. These interlocks permit the
operator to block some signals, automatically enable other
signals, prevent some actions from occurring, and cause other
actions to occur. The interlock Functions backup manual
actions to ensure bypassable Functions are in operation under
the conditions assumed in the safety analyses.

18.a. Reactor Trip, P-4

There are eight reactor trip breakers with two breakers in each
division. The P-4 interlock is enabled when the breakers in
two-out-of-four divisions are open. Additionally, the

P-4 interlock is enabled by all Automatic Reactor Trip
Actuations. The Functions of the P-4 interlock are:

* Trip the main turbine

* Block boron dilution

Deleted: Permit the block of
automatic Safeguards Actuation after
a predetermined time interval
following automatic Safeguards
Actuation.

18 f. Reactor Trip Breaker Open, P-3

Permit the block of automatic Safeguards Actuation after a
predetermined time interval tollowing automatic Safeguards
Actuation
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BASES

APPLICABLE SAFETY ANALYSES, LCOs, and APPLICABILITY (continued)

The reactor trip-breaker position switches that provide input to the P-
3 interlock only Function to energize or de-energize or open or close
contacts. Therefore this Function has no adiustable Trip Setpoint.

ESFAS Instrumentation

B 3.3.2

BASES

ACTIONS (continued)

D.1

With one required division inoperable, the affected division must be

restored to OPERABLE status within 6 hours.

Condition D applies to one inoperable required division of the P-3 & P-4
Interlocks (Function 18Jf and 18.a). With one required division

inoperable, the 2 remaining OPERABLE divisions are capable of

providing the required interlock function, but without a single failure. The

P-3 & P-4 Interlock is enabled when RTBs in two divisions are detected

as open. The status of the other inoperable, non-required P-3 & P-4

division is not significant, since P-3 & P-4 divisions can not be tripped or

bypassed. In order to provide single failure tolerance, 3 required divisions

must be OPERABLE.

Deleted: a

APP-GW-GLR-080 rO.doc



WESTINGHOUSE ELECTRIC COMPANY LLC
AP1000 Licensing Design Change Document

Document Number: APP-GW-GLR-080
Title: Mark-up of AP1000 Design Control Document Chapter 7

Page 164 of 183

levision Number: 0

11.14 ADDITION OF DELAY TIMERS FOR ENABLING THE SOURCE RANGE REACTOR

TRIP AND FLUX DOUBLING SIGNAL

See Revision 16 change section 11. 14 for description and justification for change

This change does not affect conformance to regulatory requirements and guidance.

7.2.1.1.1 Nuclear Startup Trips

Source Range High Neutron Flux Trip

Source range high neutron flux trips the reactor when two of the four source range channels exceed
the trip setpoint. This trip provides protection during reactor startup and plant shutdown. This
function is delayed from actuating each time the source range detector's high voltage power is
energized to prevent a spurious trip due to the short term instability of the processed source range
values. -This trip function maybbe manually blocked and the high voltage source range detector
power supply de-energized when the intermediate range neutron flux is above the P-6 setpoint
value. It is automatically blocked by the power range neutron flux interlock (P- 10). The trip may be
manually reset when neutron flux is between P-6 and P- 10. The reset occurs automatically when the
intermediate range flux decreases below P-6. The channels can be individually bypassed to permit
channel testing during plant shutdown or prior to startup. This bypass action is indicated in the main
control room.

( Deleted: It
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FIONS

See Revision 16 change section 11. 15 for description and justification for change.

This change does not affect conformance to regulatory requirements and guidance.

Table 7.3-4 (Sheet 2 of 2)

ENGINEERED SAFETY FEATURES ACTUATION,
VARIABLES, LIMITS, RANGES, AND ACCURACIES

(NOMINAL)

Typical Response

Variable Range of Variables Typical Accuracy!-• Time (Sec)

Pressurizer water level 0 to 100% of + 10% of span 1.0
cylindrical portion of

pressurizer

Startup feedwater flow 0 to 1000 gpm ±7% of span 1.0

Neutron flux (flux doubling I to 106 c/sec - 30% of span 1.._(0)

calculation)

Control room supply air 10'-L to 10.2 Ai Ci/cc ± 50% of setpoint 20

radiation level

Containment radioactivity 10" to 10' R/hr ± 50% of segoint 20

I Deleted: s to be
Monitored
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11.28 EDITORIAL CHANGES

These changes do not affect conformance to regulatory requirements and guidance.

Correction to the description of MSHIM operation

Westinghouse is reevaluating the MSHIM operating strategy to emphasize base load operations and to

support a reduction of effluent production during boron concentration changes to account for fuel bumup.

DCD sections 4.3.4.2.16 and 7.7.1.1 are affected by this change. Revise subsection of 4.3.2.4.16 as shown:

4.3.2.4.16 Load Follow Control and Xenon Control

During load follow maneuvers, power changes are primarily accomplished using control
rod motion alone, as required. Control rod motion is limited by the control rod insertion
limits as provided in the technical specifications and discussed in subsections 4.3.2.4.12 and
4.3.2.4.13. The power distribution is maintained within acceptable limits through
limitations on control rod insertion. Reactivity changes due to the changing xenon
concentration are also controlled by rod motion.

Rapid power increases (five percent/min) from part power during load follow operation are
accomplished with rod motion.

The rod control system is designed to automatically provide the power and temperature
control described above 30 percent rated power for most of the cycle length without the
need to change boron concentration as a result of the load maneuver. The automated mode
of operation is referred to as mechanical shim (MSHIM) because of the usage of
mechanical means to control reactivity and power distribution simultaneously. MSHIM
operation allows load maneuvering without boron change because of the degree of allowed
insertion of the control banks in conjunction with the independent power distribution
control of the axial offset (AO) control bank. The worth and overlap of the MA, MB, MC,
MD, Ml, and M2 control banks are designed such that the AO control bank insertion will
always result in a monotonically decreasing axial offset. MSHIM operation uses the MA,
MB, MC, MD, Ml, and M2 control banks to maintain the programmed coolant average
temperature throughout the operating power range. The AO control bank is independently
modulated by the rod control system to maintain a nearly constant axial offset throughout
the operating power range. The degree of control rod insertion under MSHIM operation
allows rapid return to power without the need to change boron concentration.
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The target axial offset used during MSHIM load follow operation is roughly the base load
operation target axial offset less 10 percent. The negative bias is necessary to allow both
positive and negative axial offset control effectiveness by the AO control bank. Extended
base load operation is performed by controlling axial offset to the equilibrium target with
the first moving M bank nearly fully withdrawn (at bite position) and AO bank fully
withdrawn. The "bite" position is defined as the minimum control rod bank position
required to provide a differential rod worth of at least 2 pcm/step.

Revise the fourth paragraph of section 7.7.1.1 as shown:

Deleted: Anticipated MSHIM load
follow operation operates with two gray
banks fully inserted to provide enough
reactivity worth to compensate for
transient reactivity effects without the
need for soluble boron changes. The
degree of control rod insertion under
MSHIM operation allows rapid return to
power without the need to change boron
concentration.1

I

The reactor power control system uses a different control strategy for the rods used to
regulate core power (M banks) from the control strategy used to regulate axial offset (AO
bank). Reactor coolant system boron concentration is adjusted by the operator to account
for long-term core burnup. The adjustment also maintains theM banks and the AO bank in
a position suitable for the current mode of operation (load follow or base load operation,
During load follow or load regulation response transients, the power control and the axial
offset control subsystems jointly function to control both core power and axial offset. The
following two subsections provide a description of each control subsystem.

Deleted: two gray

-Deleted: both black M banks (M1 and
M2) in a near fully withdrawn position,
the first two moving gray M banks fully
inserted, and the AO bank slightly
inserted
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Unlike the auctioneered high Tvg signal used in the rod control system, the steam dump Ta.g signal does not

provide additional operating margin under normal conditions. The steam dump signal is actuated only by

large and rapid power reduction events (e.g., load rejection), which, by their nature (core power reducers),

cause core margin increases. Hence, there is no advantage to using a high auctioneered TAVO in the steam

dump controller. A previously designed signal selector will be used instead. The first bullet of the third

paragraph of Section 7.7.1.9 will be revised as shown:

0 The Tavg mode uses the difference between a. signal selected loop T, and a reference
temperature derived from turbine first-stage impulse pressure, to generate a steam dump
demand signal. This mode is largely used for at-power transients requiring steam dump,
such as load rejections and turbine trips (where the load rejection Tav.g mode is used) and
reactor trips (where the plant trip T.,g mode is used). The load rejection controller is
discussed in subsection 7.7.1.9.1. The plant trip controller is discussed in
subsection 7.7.1.9.2.

Deleted: measured auctioneered I

Correction to the description of the rapid power reduction rod selection

DCD section 7.7.1.10.2 implies that the control system will determine and then select the rods to be dropped

during a rapid power reduction event. In the current design, BEACON will periodically deternmine if the
rods to drop should be changed to improve system performance. BEACON is not qualified to interact

directly with the plant control system, so any needed changes would be offered to the operator for

evaluation. Following concurrence, the operator will make the necessary changes in the rod control logic

cabinet. The first paragraph of Section 7.7.1.10.2 will be revised as shown:

7.7.1.10.2 Rapid Power Reduction Rod Selection

The number of rods needed to obtain this power reduction is dependent on the core burnup
during the fuel cycle. In addition, if a large load rejection (grid disconnect) is initiated at a
part-power condition (50-percent to 100-percent power), then a reduced number of control
rods need tO be released. Therefore, a means is provided to alter which rods will be released
by the rapid power reduction system. Following concurrence, the operator uses a control
room workstation to implement the supceested changes in the rod control logic cabinet.

Deleted: have the control system select
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Correction to table 7.3-1 (Sheet 1 of 94

Revision 16 to the DCD inadvertently removed permissive P-1I from table 7.3-1. P-Il has been put back
into table 7.3-1 as shown below.

Table 7.3-1 (Sheet 1 of 9)

ENGINEERED SAFETY FEATURES ACTUATION SIGNALS

No. of
Channels/ Actuation

Actuation Signal Switches Logic Permissives and Interlocks

1. Safeguards Actuation Signal (Figure 7.2-1, Sheets 9 and 11)

a. Low pressurizer pressure 4 2/4-BYP' Manual block pennittcd below P-I 1
Automatically unblocked above P-I I

Can be manually blocked on presence
of P-3

Block automatically removed on
absence of P-3

b. Low lead-lag compensated 4/steam line 2/4-BYP' in Manual block permitted below P-lI
steam line pressure either steam line Automatically unblocked above P-I I

Can be manually blocked on presence
of P-3

Block automatically removed on
absence of P-3

c. Low reactor coolant inlet 4/loop 2/4-BYP' either Manual block permitted below P-I I
temperature (Low TCo1d) loop 6  Automatically unblocked above P-I l

Can be manually blocked on presence
of P-3

Block automatically removed on
absence of P-3

d. High-2 containment 4 2/4-BYP' Can be manually blocked on presence
pressure of P-3

Block automatically removed on
absence of P-3

e. Manual safeguards 2 switches 1/2 switches None
initiation
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Correction to Sections 7.1, 7.2, and 7.3 due to figure deletions

Section 7.1.1 revised as follows:

7.1.1 The AP1000 Instrumentation and Control Architecture

Figure 7.1 -1 illustrates the instrumentation and control architecture for the AP 1000. The figure shows two major

sections separated by the real-time data network. Figure 7.1-1 depicts the real-time data highway as a single
network. To meet cyber security concerns, the real-time data highway will be separated into security levels as

described in Reference 22.

The lower portion of the figure includes the plant protection, control, and monitoring functions. At the ng&i•is . (Deleted: left

the protection and safety monitoring system. It performs the reactor trip functions, the engineered safety features

(ESF) actuation functions, and the Qualified Data Processing (QDPS) functions. The I&C equipment

performing reactor trip and ESF actuation functions, their related sensors, and the reactor trip switchgear are, for

the most part, four-way redundant. This redundancy permits the use of bypass logic so that a division or

individual channel out of service can be accommodated by the operating portions of the protection system

reverting to a two-out-of-three logic from a two-out-of-four logic.

Section 7.1.3 revised as follows:

7.1.3 Plant Control System

The plant control system is a nonsafety-related system that provides control and coordination of the plant during

startup, ascent to power, power operation, and shutdown conditions. The plant control system integrates the

automatic and manual control of the reactor, reactor coolant, and various reactor support processes for required

normal and off-normal conditions. The plant control system also provides control of the nonsafety-related decay

heat removal systems during shutdown. The plant control system accomplishes these functions through use of

the following:

* Rod control
" Pressurizer pressure and level control
* Steam generator water level control
* Steam dump (turbine bypass) control
* Rapid power reduction
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The plant control system provides automatic regulation of reactor and other key system parameters in response

to changes in operating limits (load changes). The plant control system acts to maximize margins to plant safety

limits and maximize the plant transient performance. The plant control system also provides the capability for

manual control of plant systems and equipment. Redundant control logic is used in some applications to

increase single-failure tolerance.

The plant control system includes the equipment from the process sensor input circuitry through to the

modulating and nonmodulating control outputs as well as the digital signals to other plant systems. Modulating

control devices include valve positioners, pump speed controllers, and the control rod equipment.
Nonmodulating devices include motor starters for motor-operated valves and pumps, breakers for heaters, and

solenoids for actuation of air-operated valves. The plant control system cabinets contain the process sensor
inputs and the modulating and nonmodulating outputs. The plant control system also includes equipment to

monitor and control the control rods.

The functions of the plant control system are performed by system assemblies including:

* Distributed controllers
* Signal selector algorithms
* Operator controls and indication
" Real-time data network
* Rod control system
* Rod position indication
* Rod drive motor-generator sets

Deleted: Figure 7.1-10provides an

illustration of the plant control system.1
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Section 7.2.1 revised as follows:

7.2.1 Description

Considerations, such as mechanical or hydraulic limitations on equipment or heat transfer requirements on the

reactor core, define a safe operating region for the plant. Maneuvering of the plant within this safe operating

region is permitted in response to normal power generation demands. The plant design provides margin to the

safety limits so that an unsafe condition is not caused by the transients induced by normal operating changes.

The plant control system attempts to keep the reactor operating away from any safety limit. Excursions toward a

limit occur because of abnormal demands, malfunctions in the control system, or by severe transients induced

by occurrence of a Condition II or HI event, as discussed in Chapter 15. Hypothetical events (Condition IV) are

analyzed with respect to plant safety limits. The safety system keeps the reactor within the safe region by

shutting down the reactor whenever safety limits are approached. Reactor trip is a protective function performed

by the protection and safety monitoring system when it anticipates an approach of a parameter to its safety limit.

Reactor shutdown occurs when electrical power is removed from the rod drive mechanism coils, allowing the

rods to fall by gravity into the reactor core.

,Section 7.1 provides a description of the reactor tripequipment. The equipnment involved is:--------------.
• Deleted: The equipment involved in|reactor trip is shown in smplified block

diagram form in Figure 7.1-2.

S

S

S

Sensors and manual inputs
Protection and safety monitoring system cabinets
Reactor trip switchgear

Section 7.3.1 revised as follows:

7.3.1 Description

The protection and safety monitoring system is actuated when safety system setpoints are reached for selected

plant parameters. The selected combination of process parameter setpoint violations is indicative of primary or

secondary system boundary ruptures. Once the required logic combination is generated, the protection and

safety monitoring system equipment sends the signals to actuate appropriate engineered safety features

components.,

Deleted: A block diagram of the
protection and safety monitoring system
is provided in Figure 7.1-2.
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Update of Table 7.5-1

Revision 16 of the DCD corrected the pressure range on steam line pressure on table 7.3-4. The range was

increased to 1300 psig. Table 7.5-1 (Sheet 2 of 12) was inadvertently missed as part of the correction.

Table 7.5-1 has been corrected to reflect the same information as 7.3-4. The table is revised as follows:

Table 7.5-1 (Sheet 2 of 12)

POST-ACCIDENT MONITORING SYSTEM

Qualification Number of QDPS
Range/ Type/ Instruments PowTer Indication

Variable Status Category Environmental Seismic Required Supply (Note 2) Remarks

Core exit temperature 200- BI. Ct. F2 Harsh Yes 3/quadrant IE Yes
2300TF

PRHR HX inlet 50- D3 None None I Non-lE No Primary indication
temperature 650'F is RCS T11

PRIHR HX outlet 50- BI. D2 Harsh Yes IE Yes Diverse sariable to
temperature 500'F PIJIR flow

PRHR flo~w 700- B I, D12. F2 Harsh Yes ? I E Yes Diverse measure-
3000 tent: PRHR outlet
gpm temperature

IRWST wsater level 0-100%o BI. D2. F2 Ilarsh Yes 3 IE Yes
of span (Note 4)

RCS subcooling 200°F BI. F2 I larsh Yes 2 1E Yes Diverse measure-
(Note 6) Sub- nerit: Core exit

cooling temperature & wide
to 35'F range RCS pressure
super
heat

Passive containment 0-150 BI. D2 Mild Yes I IE Yes
cooling water flow gpnt (Note I )

PCS storage tank 5-100% B I. D2 Mild Yes 2 1 E Yes Diverse measure-
water level of tank nnest: PCS flow

height

IRWST surface 50- D3 None None I Non-IE No
temperature 300T0

IRWST bottom 50- D3 None None I Non-1E No
temperature 300TF

Steam line pressure O.. F2 02 Harsh, Yes I/steam IE No
psig Mild (Note 8) generator

(Note I I )

Deleted: 1200

APP-GW-GLR-080 rO.doc



WESTINGHOUSE ELECTRIC COMPANY LLC
AP1000 Licensing Design Change Document Page 174 of 183

Document Number: APP-GW-GLR-080 Revision Number: 0
Title: Mark-up of APO000 Design Control Document Chapter 7

11.31 CORRECTION TO CMT LEVEL INSTRUMENT RANGE

DCD table 7.5-1 needs to be revised to match TR 123. Specifically sheet 7 of 12 the narrow range CMT

level, upper and lower, range/span column.

This change does not affect conformance to regulatory requirements and guidance.

Table 7.5-1 (sheet 7 of 12) will be revised as shown:

Table 7.5-1 (Sheet 7 of 12)
POST-ACCIDENT MONITORING SYSTEM

Qualification Number of QDPS
Range] Type/ Instruments Power Indication

Variable Status Category Environmental Seismic Required Supply (Note 2) Remarks

Water-cooled chiller On/Off F3
status

Water-cooled chilled On/Off F3
water pump stamts

Water-cooled chilled Open/ F3
water valve satus Closed

Spent fuel pool 0-I500 F3
pump flow gpi

Spent fuel pool 50- F3
temperature 250oF

Spent fuel pool 0- 100% D2, F3
water level of span

CMT discharge Open/ D2
isolation valve stants Closed

CMT inlet isolation Open/ D2
valve slatus Closed

CMT upper water L;4 - 02. P2

level sensor 40516 of - -

span

CMT lower water D - "02. FP2
level sensor 45% of

span

IRWST injection Open/ D2
isolation valve Closed
(Squib)

IRWST line Open/ D3
isolation Closed
valve status (MOV)

ADS: first, Open' D2
second and Closed
third stage
valve status

None None I/chiller Non-I E No

None

None

None

None

Mild

I larsh

IHarsh

Ilarsh

Ilarsh

None

None

None

None

Yes

No

Yes

Yes

I/pump

I/valve

I/pump

1

3

(Note 4)

I/valve

I/valve
(Note 7)

I/tank

Non-I F

Non- I E

Non- lE

Non-IE

I E

Non-IE

I E

I E

No

No

No

No

Yes

No

Yes

Yes - Deleted: 78.0

" Deleted: 63.5

* Deleted: 30.5

Deleted: 16

Yes I/tank I1E Yes

hlarsh None I/vaIrc Non- l E No

None None I/valve Non- l E No

IHarsh Yes I/valve
(Note 7)

I E Yes
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11.32 INSTRUMENTATION AND CONTROL DESIGN CHANGE

This section contains changes in the instrumentation and control that affect chapter 7 of the DCD that are
described in APP-GW-GLN-004 (TR-39).

This change does not affect conformance to regulatory requirements and guidance.

Revise the first paragraph of subsection 7.3.1.2.17 as shown below and as described in APP-GW-GLN-004
(TR-39).

7.3.1.2.17 Control Room Isolation and Air Supply Initiation

Signals to initiate isolation of the main control room, to initiate the air supply, and to open

the control room pressure relief isolation valves are generated from either of the following

conditions:

I. High-2 control room air supply radioactivity level
2. Loss of ac power sources (low Class I E battery charger input voltage)
3. Manual initiation
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Revise the table 7.3-1

Revise the table 7.3-1 as shown below and as described in APP-GW-GLN-004 (TR-39).

Add note 8 to item 13.b.

Table 7.3-1 (Sheet 6 of 9)

ENGINEERED SAFETY FEATURES ACTUATION SIGNALS

No. of

Divisions/ Actuation

Actuation Signal Controls Logic Permissives and Interlocks

f. High-3 pressurizer level 4 2/4-BYP' Manual block permitted below P-19
Automatically unblocked above P-19

13. Block of Boron Dilution (Figure 7.2-1., Sheets 3 and 15)

a. Flux doubling calculation 4 2/4-BYP' Manual block permitted above P-6
Automatically unblocked below P-6

b. Undervoltage to Class I E 2/charger 2/2 per charger None
battery chargersS and 2/4

chargers
5

c. Reactor trip (P-4) I/division 2/4 None
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11.33 POST-ACCIDENT MONITORING SYSTEM TABLE CHANGES

This section contains changes in the post-accident monitoring system table in chapter 7 of the DCD that
have been identified in APP-GW-GEE-054 and APP-GW-GLN-1 10. The variables should also be listed in
the summary of type variable table.

This change does not affect conformance to regulatory requirements and guidance.

The MCR pressure relief isolation valve is an ESF actuated valve. All valves actuated by ESF must be
monitored by PAMS. Therefore, the MCR pressure relief isolation valve must be added to table 7.5-1.

Table 7.5-1 has been modified as follows:

Table 7.5-1 (Sheet 10 of 12)

POST-ACCIDENT MONITORING SYSTEM

Qualification Number of QDPS
Range/ Type/ Instruments Power Indication

Variable Status Category Environmental Seismic Required Supply (Note 2) Remarks

IRWST to RNS Open, BI, F3 I larsh Yes I I F Yes
suction valve status Closed I Note 7)

RNS discharge to Open/ F3 None None Ialse Non- I E No
IRWST valve status Closed

RNS pump status OnoOff F3 None None I/pump Non-IE No

Reactor vessel head Open! D2 Harsh Yes Dvalve IE Yes
vent valve status Closed Note 7)

MCR return air Open! D2. F3 Mild Yes s'valve I E Yes
isolation valve status Closed (Note 7)

MCR toilet exhaust Open/ D2 Mild Yes I/valve I E Yes
isolation valve status Closed (Note 7)

MCR supply air Open] D2. F3 Mild Yes I 'valve I E Yes
isolation valse status Closed (Note 7)

MCR differenttal -I" to D2 Mild Yes 2 IE Yes
pressure + I" sNg

MCR air delivery )-tX0 D2 Mild Yes 2 I E Yes
flosrate cfin

rit( I pvi.'s:nrc i che|f ¶)i D_2 Mill_ mc__ i ":ds c _+ Ye__.
iiiiiliii v 'l'ctill XlI U-1
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Table 7.5-7 has been modified as follows:

Table 7.5-7 (Sheet 4 of 4)

SUMMARY OF TYPE D VARIABLES

System Variable Type/Category

Containment Cooling Containment temperature D2

PCS water storage tank series isolation valve D2
status (MOV)

PCS water storage tank isolation valve status D2
(non-MOV)

Passive containment cooling water flow D2

PCS storage tank water level D2

HVAC System Status MCR return air isolation valve status D2

MCR toilet exhaust isolation valve status D2

MCR supply air isolation valve status D2

MCR air delivery isolation valve status D2

MCR pressure relief isolation valve status D2

MCR air storage bottle pressure D2

MCR differential pressure D2

MCR air delivery flowrate D2

Main Steam Turbine stop valve status D2

Turbine control valve status D2

Condenser steam dump valve status D2
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TR-1 10 identifies a variable to be added, the RCS sampling line isolation valve status. This particular

variable is already listed in table 7.5-7 as primary sampling.

Table 7.5-1 has been modified as follows:

Table 7.5-1 (Sheet 9 of 12)

POST-ACCIDENT MONITORING SYSTEM

Qualification Number of QDPS
Range/ Type/ Instruments Power Indication

Variable Status Category Environmental Seismic Required Supply (Note 2) Remarks

Purification return Open/ D2 Harsh None I Non-IE No
line stop valve status Closed

Boric acid tank 0-100% F3 None None I Non-lE No
level

Derineralized water Open/ D2 Mild Yes I/valve I E Yes
isolation valve status Closed (Note 7)

Boric acid flow 0-175 F3 None None I Non-I E No
gpm

Makeup blend valve Position F3 None None I Non-I E No
status

Makeup flow 0-175 F3 None None I Non-I E No
gpm

Makeup punip status On/Off F3 None None I/pumnp Non-I E No

Makeup flow Position F3 None None I Non-I E No
control valve
status

Letdoscn losw 0-120 F3 None None I Non-lE No
gpti

RNS hot leg suction Open/ D2 I larsh Yes I/valve I E Yes
isolation valve Closed (Note 7)
stattis

RNS flow 0-3000 F3 None None I/pumtip Non-t E No

o" itt• 
N

Iltossalsc stoics tCsuosl
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III. REGULATORY IMPACT

A. FSER IMPACT

Modifications have been made to Tier 1 Sections 2.5.1 and 2.5.2 and Tier 2 Table 1-1, Chapter 3, Chapter 4,
Chapter 7, Chapter 9, Chapter 14, Chapter 15, Chapter 16 (Technical Specifications and Bases) and Chapter
19 in order to refine and better illustrate the approach taken in the AP 1000 design. The corresponding FSER
sections will be affected.

B. SCREENING QUESTIONS (Check correct response and provide justification for that determination under
each response)

1. Does the proposed change involve a change to an SSC that adversely affects a DCD El YES E NO
described design function?

The changes included in this document include DCD changes to correct descriptions and figures in the
DCD and changes due to completion of elements of the design process of the PMS. Many of the
changes correct the depiction of the logic and do not impact PMS functionality. The functions
identified as new or added are a result of implementing the requirements phase of the design process.

2. Does the proposed change involve a change to a procedure that adversely affects how E] YES E NO
DCD described SSC design functions are performed or controlled?

3. Does the proposed activity involve revising or replacing a DCD described evaluation ED YES E NO
methodology that is used in establishing the design bases or used in the safety
analyses?

4. Does the proposed activity involve a test or experiment not described in the DCD,
where an SSC is utilized or controlled in a manner that is outside the reference
bounds of the design for that SSC or is inconsistent with analyses or descriptions in
the DCD?

ED-YES Z NO

The subject changes do not require that the RCS or connected systems be operated outside their design
parameters. Requirements for startup testing are not altered by the subject changes.
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C. EVALUATION OF DEPARTURE FROM TIER 2 INFORMATION (Check correct response and provide
justification for that determination under each response)

10 CFR Part 52, Appendix D, Section VIII. B.5.a. provides that an applicant for a combined licensee who
references the AP 1000 design certification may depart from Tier 2 information, without prior NRC
approval, if it does not require a license amendment under paragraph B.5.b. The questions below address
the criteria of B.5.b.

1. Does the proposed departure result in more than a minimal increase in the frequency of E] YES E NO
occurrence of an accident previously evaluated in the plant-specific DCD? I
The subject changes do not introduce a new failure mode in components that would result in an accident
previously evaluated.

2. Does the proposed departure result in more than a minimal increase in the likelihood of E] YES E NO
occurrence of a malfunction of a structure, system, or component (SSC) important to safety
and previously evaluated in the plant-specific DCD?

The subject changes do not introduce a new failure mode in equipment relied upon to prevent or mitigate
design basis accidents. The performance and response to postulated accident conditions of equipment in the
reactor coolant system and connecting systems is not changed.

3. Does the proposed departure result in more than a minimal increase in the consequences of E] YES E NO
an accident previously evaluated in the plant-specific DCD? I
The subject changes do not introduce the possibility of a change in the consequences of an accident. The
subject changes do not change the response of the reactor coolant system and engineered safeguard systems to
postulated accident conditions.

4. Does the proposed departure result in more than a minimal increase in the consequences of [:]YES E]NO
a malfunction of an SSC important to safety previously evaluated in the plant-specific
DCD?

The subject changes do not introduce the possibility of a change in the consequences of a malfunction because
the subject changes do will not cause components in the reactor coolant system to malfunction and result in a
larger release to the environment. The subject changes have no adverse effect on systems and components
used to mitigate the consequences of postulated accidents.

5. Does the proposed departure create a possibility for an accident of a different type than any [- YES E NO
evaluated previously in the plant-specific DCD?

The subject changes do not introduce the possibility of a new accident because the subject changes do not
introduce a new failure mode in systems that provide fission product barriers and mitigate postulated
accidents. The subject changes do not change the manner in which the operator controls the plant or responds
to transients or accident conditions.

6. Does the proposed departure create a possibility for a malfunction of an SSC important to E] YES E NO

safety with a different result than any evaluated previously in the plant-specific DCD? I
The subject changes do not introduce the possibility for a malfunction of an SSC with a different result
because the subject changes do not change the operation or function of systems and components and does not
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introduce a new failure mode in systems and components.

7. Does the proposed departure result in a design basis limit for a fission product barrier as L] YES O NO
described in the plant-specific DCD being exceeded or altered?

The subject changes do not result in a change that would cause fuel or system parameters to change. The
subject changes do not change the response of the reactor coolant system and engineered safeguard systems to
postulated accident conditions. Therefore, the subject changes do does not result in a design basis limit for a
fission product barrier as described in the DCD being exceeded or altered.

8. Does the proposed departure result in a departure from a method of evaluation described in D]YES [ NO
the plant-specific DCD used in establishing the design bases or in the safety analyses? I
The methods used to evaluate the subject changes do not constitute a departure from a method of evaluation
described in the DCD. Standard versions of the previously approved methodologies, all of which are
described in the DCD, were used to support the conclusions drawn in this evaluation.

0 The answers to the evaluation questions above are "NO" and the proposed departure from Tier 2 does not
require prior NRC review to be included in plant specific FSARs as provided in 10 CFR Part 52, Appendix D,
Section VIII. B.5.b

F] One or more of the answers to the evaluation questions above are "YES" and the proposed change requires
NRC review.

D. IMPACT ON RESOLUTION OF A SEVERE ACCIDENT ISSUE

10 CFR Part 52, Appendix D, Section VIII. B.5.a. provides that an applicant for a combined licensee who
references the AP1000 design certification may depart from Tier 2 information, without prior NRC
approval, if it does not require a license amendment under paragraph B.5.c. The questions below address
the criteria of B.5.c.

1. Is there is a substantial increase in the probability of a severe accident such that a particular Li YES Z NO
severe accident previously reviewed and determined to be not credible could become
credible?

The changes have no effect on the operation, performance, and pressure boundary integrity of the reactor
coolant system and connected systems. Therefore, there is no effect on the calculation of the probability of a
severe accident.

2. Is there is a substantial increase in the consequences to the public of a particular severe E] YES 0 NO
accident previously reviewed?

The changes have no effect on the operation, performance, and pressure boundary integrity of the primary
pressure boundary. Therefore, there is no effect on the calculation of the release of radioactive material during
a severe accident.

Z The answers to the evaluation questions above are "NO" and the proposed departure from Tier 2 does not
require prior NRC review to be included in plant specific FSARs as provided in 10 CFR Part 52, Appendix D,
Section VIII. B.5.c

LI One or more of the he answers to the evaluation questions above are "YES" and the proposed change requires
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NRC review.

E. SECURITY ASSESSMENT

1. Does the proposed change have an adverse impact on the security assessment of the [- YES E NO
AP 1000.

The changes will not alter barriers or alarms that control access to protected areas of the plant. The changes
will not alter requirements for security personnel.
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