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‘ westinghouse Westinghouse Electric Company

P.0.Box 355
Pittsburgh, Pennsylvania 15230-0355
USA

U.S. Nuclear Regulatory Commission Direct tel: 412-374-6306

ATTENTION: Document Control Desk Direct fax: 412-374-5005

Washington, D.C. 20555 e-mail: sterdia@westinghouse.com

Yourref: Project Number 740
Ourref: DCP/NRC2020

October 10, 2007

Subject:  AP1000 COL Standard Technical Report Submittal of APP-GW-GLR-080 (TR 80)

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 AP1000 Design Control

Document Chapter 7," Technical Report Number 80, is submitted as Enclosure 1 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

/Attachment

1. “Qath of Affirmation,” dated October 10, 2007

/Enclosure
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1. APP-GW-GLR-080, Revision 0, “Mark-up of AP1000 Design Control Document Chapter 7,”

Technical Report Number 80
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C. Pierce - Southern Company
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DCP/NRC2020
October 10, 2007

ATTACHMENT 1
UNITED STATES OF AMERICA

NUCLEAR REGULATORY COMMISSION

In the Matter of: )
NuStart Bellefonte COL Project )
NRC Project Number 740 )

APPLICATION FOR REVIEW OF
“AP1000 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 iO‘H’\ day
of October 2007.

COMMONWEALTH OF PENNSYLVANIA
Notarial Seal
Patricia S. Aston, Notary Public
Murrysville Boro, Westmoreland
My Commission Expires Juty 11, 2011

Member, Pennsylvania Association of Notarles
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APP-GW-GLR-080, Revision 0
“Mark-up of AP1000 Design Control Document Chapter 7”

Technical Report 80
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SUMMARY

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

This technical report describes changes to the AP1000 I&C systems and the AP1000 Design Control
Document.

Changes and clarifications to the discussion and representation of the Protection and Safety Monitoring
System in the AP1000 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 AP1000 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 AP1000 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 AP1000 DCD Revision. For
those additions and changes that are addressed in other AP1000 Technical Repotts, 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 I provides the formal documentation of the regulatory assessment

* APP-GW-GLR-080 r0.doc
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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

FSARSs without prior NRC approval.

A. | Does the proposed change include a change to:

1. Tier 1 of the AP1000 Design Control
Document APP-GW-GL-700

[nNo X YES

(If YES prepare a report for NRC
review of the changes)

2. Tier 2* of the AP1000 Design Control
Document, APP-GW-GL-700

[INo X YES

(If YES prepare a report for NRC
review of the changes)

3. Technical Specification in Chapter 16 of the L INO X YES | (If YES prepare a report for NRC
AP1000 Design Control Document, APP-GW- review of the changes)
GL-700

B. | Does the proposed change involve:

1. Closure of a Combined License Information XINO []YES | (If YES prepare a COL item
Item identified in the AP1000 Design Control closure report for NRC review.)
Document, APP-GW-GL-700

2. Completion of an ITAAC item identified in (OINO X YES | (If YES prepare an ITAAC

Tier 1 of the AP1000 Design Control
Document, APP-GW-GL-700

completion report for NRC
review.)

APP-GW-GLR-080 r0.doc
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PART A — CHANGES INCORPORATED IN REVISION 16 OF THE DCD
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II. TECHNICAL DESCRIPTIONS AND JUSTIFICATIONS

111 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 1 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 11a in section 2.5.2 Design Description and item 11a 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 1 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:

Deleted: <#>Design requirements

a) System definition phase 2006. o phase, may be referred to as conceptual
Em deTnition phase VU e e e e e e or project definition phaseq

b) __Hardware and software development phase, consisting of hardware and software design and
implementation

c)__System integration and test phase

d) Installation phase

APP-GW-GLR-080 r0.doc
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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
software is developed using a
planned design process which
provides for specific design
documentation and reviews during
the following life cycle stages:

&) System definition phase

ty Hardware and software
development phase, consisting of
hardware and software design and
implementation

phase
d) Installation phase

Inspection will be performed of the
process used to design the hardware
and software.

A report exists and concludes that
the process defines the
organizational responsibilities,
activities, and configuration
management controls for the
following:

&) Specification of functional ||

requirements.

results.

&) Performance of installation tests

‘| Deleted: a) Design requirements

. { Deleted: a) Establishment of plans and
.+ | methodologies.{

o .[Deleted: c
g [ Deleted:

and inspections.

APP-GW-GLR-080 r0.doc

- (Deleted:
' [Deleted: e

phase, may be referred to as conceptual
or project definition phase

Deleted: b

| Deleted: b
Deleted: ¢
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Tier 2 Changes

DCD Table 1-1 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), ML011690170 (Reference 7), and
ML0305507760 (Reference ).

3. 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).

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-16096-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 r0.doc
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Document Number:
Title:

Revision Number: 0

These changes do not affect conformance to regulatory requirements and guidance.

Table 1-1 (Cont.)
Index of AP1000 Tier 2 Information Requiring NRC Approval for Change

APP-GW-GLR-080 r0.doc

£y

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-16097-P-A, "Common Qualified Platform”, Rev0 | ___ __ Yes _____|___ Chapter 7
Table 1.6-1
WCAP-16096-NP-A, "Software Program Manual for Common Q | Yes . Chapter7 _ }f
Systems,” Rev 01 A Table 1.6-1 i
Verification and Validation Yes 7.1.2.14
Hard-wired DAS manual actuation No 7.7.1.11

: ( Deleted: Yes
[

Deleted: WCAP-13383, "AP600

Instrumentation and Control Hardware &

Software Design, Verification &
Validation Process Report,” Rev 1.

1 Deleted: Chapter 7
Table 1.6-1

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

| Deleted: CE-CES-195

Process for AP1000 Common Q Safety
Systems,"” Rev 0

Deleted: Yes

. { Deleted: WCAP-15927, "Design
. { Deleted: Chapter 7 .

Table 1.6-1

|
)
|
|
)
)
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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 Instrumentation and Control ArchiteCture............occevvveevieeieeeeeeee e eereeeee et e enes 7.1-25
7.1-2 Deleted

7.1-3A Deleted . _

7.1-3B Deleted
7.1-4 Deleted

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

APP-GW-GLR-080 r0.doc

- [Deleted: Protection and Safety

e '[Deleted: Plant Protection Subsystem

. { Deleted: Reactor Trip Switchgear and ]

- | Platform) 7.1-31

. " | Platform) 7.1-32

. | Cenfiguration 7.1-33
o [ Deleted: Qualified Data Processing

S Subsystem (Common Q Platform ~
| Channels B&C Only) 7.1-35

Monitoring System 7.1-27

(Eagle Platform) 7.1-28

Deleted: Plant Protection Subsystem
and Engineered Safety Features
Coincidence

Logic (Common Q Platform) 7.1-29

] Mabual Trip Interface 7.1-30

Deleted: Engineered Safety Features
Coincidence Logic (Eagle

Deleted: Protection Logic
Communication Diagram (Eagle

. [ Deleted: Reactor Trip Switchgear

N A

Subsystem (Eagle Platform — Channels
B&C Only) 7.1-34

Deleted: Qualified Data Processing

Deleted: Engineered Safety Features
Actuation Subsystem (Eagle
‘| Platform) 7.1-36

Deleted: Engineered Safety Features
-1 Actuation Subsystem (Common Q
-{ Platform) . 7.1-37

{ Deleted: Plant Control System . 7.1-38 |

Deleted: Maintenance and Test

Subsystem (Common Q Platform) 7.1-
39

A
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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 AP1000 has been written to describe the protechon system hardware .
gtxllzmg the Common Quahﬁed Platform (Common Q. descnbed in References 8 and 13 -

received Design Certification, have been retained to the maximum extent compatlble with the ~
Common Q hardware and software,

APP-GW-GLR-080 r0.doc

- {Deleted: permit
N {Deleted: use of either the Eagle

Deleted: and accepted in References
11,14, and 16

{ Deleted: described in the AP600 DCD ]

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 1/0 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 I1.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.

APP-GW-GLR-080 r0.doc
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7.1.2

7.1.2.1

7.1.2.1.1

7.1.2.1.2

7.1.2.1.3

7.1.2.2

7.1.2.3

7.1.2.4

7.1.2.5

7.1.2.8

7.1.2.9

Protection and Safety Monitoring System

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

Plant Protection Subsystems

Reference 19, Section 2.2 describes the plant protection subsystems. ,

Reactor Trip Functions

Reference 19, Section 1.1 describes the reactor trip functions,,

Reactor Trip Switchgear Interface

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

Manual Reactor Trip

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

Engineered Safety Features Coincidence Logic

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

Engineered Safety Features Actuation Subsystems

Reference 19, Section 2.2.3.2.2 dcscribes the Engineered Safety Features Actuation
Subsystems,

Reactor Trip Switchgear

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

Qualified Data Processing Subsystems
Reference 19, Section 4.2 describes the Qualified Data Processing Subsystem (QDPS),
Communication Functions

Reference 19, Section 3 describes the communication functions,

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,
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"’| Deleted: The plant protection

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]

subsystems contain the necessary
equipment to perform the following
functions:q

<#>Permit acquisition and analysim

" | 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 q“‘ﬁ

"'{ Deleted: The final stage of the reactor

trip coincidence logic provides the signal
to energize the undervoltage trip
attachment on each of the two division
reactor trip switchgear breakers. L(ﬁ

<\

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 [ﬁ

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 procg” _"rg]

"| Deleted: The ESF actuation subsystems

provide a distributed interface between

the plant operator and the nonmodulating
safety-related plant components.
Nonmodulating control relates to q'_‘ﬁ

‘| Deleted: The reactor trip switchgear is 1

used to initiate reactor shutdown. The
reactor trip switchgear connects the
electrical motive power, supplied from
motor-generator sets, to the rod CO‘W

" 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 redu:{TgL

leted: The cc tion functions
provide information from the plant
protection subsystem, the ESF
coincidence logic, the ESF actuation
subsystems, and the QDPS subsxm’

" | 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:q |‘—W
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7.1.2.11 Test Subsystem
Reference 19, Section 6 describes the test subsystem.
7.1.2.14 Verification and Validation

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

J:1.2.14.1 Design Process

[VCAP-J6096-NP-AA_(Reference 9), provides a_planned design process for , software - ( Deleted: eitrer FCAP.13383

development during Jife cvcle stages:

e Conceptual phase {inayv also_be referred 1o ay design vequirements phase)
o Requirements phase (may: also be referred to as system definition phase)

e Design phase (may also be referred to as hardware and software development phase)

e Jmplementation phase_(may also be referred to as hardware and sofhware development
phase)

o Test phase (may also be referred 10 as system integration and test phase)

o Installation und checkout phase {may also be referved 1o as installation phase)1*

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

[VCAP-J6096-NP-A (Reference 9), NABU-DP-00014-GEN (Reference 20), an
approved Westinghouse  Quality_Management  Svstem (Reference 21) describe
processes that will be used for AP1000.1*
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[ Deleted: . a Commnion Q document. also

; [Deleted: System definition

"\ System integration

Deleted: The test subsystem provides a W
‘| 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
majonity 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.y

Each division of the protection and safety
monitoring system is furnished 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.y
Verification of the signal processing

algorithms is made by exercising” | T12]

| (Reference 3) or CE-CES-195

s

Deleted: WCAP-13383 is an AP600
reference, CE-CES-195 is 2a Common
Q document. The

_. ( Deleted: is
[ Deleted: following

Deleted: 3§
ANSUTEEE ANS-7-4.3.2-1993; “IEEE
Standard Criteria for Digital | 113]

Deleted: WCAP-13383 provides a
planned design process for hardware and
software development during the(” T14]

{ Deleted: <#>q
 Deleted: 15927
Deleted: /0

N N,

o

[ Deleted: hardware and

[ Deleted: similar

[ Deleted: Sofhware d

Deleted: <#>Hardware design phaseY
Software i

Deleted: <#>Hardware
implementation phasey

.| Deleted: Depending on the protection
| and safety monitoring system hardware
| used for AP1000. either WCAP-13383 or

[ Deleted: /5927
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The references are revised as shown for consistency with the text changes described elsewhere in this

document.

10.

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

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

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

Change the reference for the Software Program Manual from CE-CES-195 Rev. 0! 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).

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), ML011690170 (Reference 7), and
ML0305507760 (Reference 8).

Remove the reference to WCAP-15927 which is a lower-level process document. All
commitments to regulatory requirements and guidance are made in WCAP-16096-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).

Delete the references to ML003740165, ML011690170, and ML030550776. These Nuclear
Regulatory Commission acceptance letters are included in the documents they refer to.

Add the reference to WCAP-16361 which is an AP1000 technical report that has been
separately submitted to the Nuclear Regulatory Commission.

Add the reference to APP-GW-GLR-017 which is an AP1000 technical report that has been
separately submitted to the Nuclear Regulatory Commission.

Add the reference to WCAP-16675 which is an AP1000 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.”

| Deleted: WCAP-13382 (Proprietary)

and WCAP-13391 (Non-Proprietary),
“AP600 Instrumentation and Control
Hardware Description,” May 1992

. ( Deleted: |

" | Deleted: WCAP-13383, Revision |

2. Deleted.

S Deleted. .

4. Deleted. } 3

[5. WCAP-14605 (Proprietary) and WCAP-14606 (Non-Proprietary), *Westinghouse
Setpoint Methodology for Protection Systems, AP600,” April 1996.]*

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. WCAP-16097-P-A, (Proprietary)and WCAP-16097-NP-A, (Non-Proprietary), rRevision__r'v,’ f
0, “Common Qualified Platform,", Mav 2003.0* S R

[9. JECAP-16096-NP-A, Rev. 014, “Software Program Manual for Common Q Systems,” .’
danuary 2004.1% ]

0. Deleted. ...

]]. Q—“eleted. Mmoo e me m ee ee e m e m sl wi an me e e e e e e e e e e e e 0w

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 . T
4.,"Common Qualified Platform Integrated Solution,” May 2003.  __ e

14. Deleted. } B i

15. Deleted.

16. Deleted.

17. WCAP16361-P (Proprietary) and WCAP-16361-NP (Non-Proprietary), “Westinghouse
Setpoint Methodology for Protection Systems — AP1000,” May 2006,

18. APP-GW-GLR-017, AP1000 Standard Combined License Technical Report, ‘‘Resolution

of Common Q NRC Items,”” Westinghouse Electric Company LLC.
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(Non-Proprietary), "AP600
Instrumentation and Control Hardware
and Sofiware Design, Verification, and
Validation Process Report, " June
1996.1*

" { Deleted: WCAP-14080 (Proprictary)

and WCAP-14081 (Non-Proprietary),
“AP600 Instrumentation and Control
Software Architecture and Operation
Description,” June 1994

I

Deleted: CENPD-396-P

Deleted: Rev.0/

NP-A, (Non-Proprietary)

[ Deleted: May 2000 and WCAP-16097-

Deleted: CE-CES-195

( Deleted: Aay 26. 2000

[ Deleted: |

" | Deleted: WCAP-15927, Rev. 0.

“Design Process for AP1000 Common Q
Safery Svstems, " August 2002.1*

S I AN I\ \ I\ Nl

J

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. MA1677),"
August 11, 2000

{ Deleted: CENPD-396-P

[ Deleted: Rev. 02 (Proprietary),

. [ Deleted: April 2001 and WCAP-

16097-NP-A, Appendix 4 (Non-
L Propnietary),

I I

-[ Deleted: MLO11690170, “Safety

Evaluation for the Closeout of Several of
the Common Qualified Platform
Category 1 Open Items Related to
Reports CENPD-396-P, Revision 1 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.”

I

J

>
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
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19. WCAP-16675-P  (Proprietary) and WCAP-16675-NP _ (Non-Proprietary), AP1000
Protection _and Safety Monitoring System Architecture Technical Report,” February
2007.

20. NAMB-DP-00014-GEN, Rev. 1 {Proprietary), “Design Process for Common Q 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 7.1-11 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
MLO003740165 (Reference 6), ML0O11690170 (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. 9, “Common Qualified Platform, Digital Plant Protection System,”
May 2003.
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1.2 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

Page 25 of 183
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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

APP-GW-GLR-080 r0.doc
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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

Designation Derivation Function

APP-GW-GLR-080 r0.doc

. (Deleted: P-17"
1 Deleted: Note:q

-
‘| 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.

( Deleted: §

)

(50

1. 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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I1.3 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 Common 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,

APP-GW-GLR-080 r0.doc

[ 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

tr ission of compo 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 soft
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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I1.4 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, “AP1000 Cyber Security Implementation,” May 2007.
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IL.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

Qualification Number of QDPS
Range/ Type/ Instruments Power Indication
Variable Status Category Environmental Seismic Required Supply {Note 2) Remarks
RCS wide range 0-3300 Bl. B2, D2, larsh Yes 3 1E Yes Located inside
pressure psig ClF2 (Notc 4) containment

APP-GW-GLR-080 r0.doc
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Table 7.5-1 (Sheet 12 of 12)

POST-ACCIDENT MONITORING SYSTEM

Notes:

1. Total flow measurcment is obtained from the sum of four branch flow devices.
2. The same information is available in the technical support center via the monitor bus. Infonmation available on the qualified data processing system is also
available at the remote shutdown workstation.

3. Noblc gas: 107 10 10° pCifec
Particulate: 10" to 107 nCi/ce
lodines: 107" 10 10 pCifec
4. The number of instruments required after stable plant conditions is two. A third channel is available through temporary connections to resolve information
ambiguity if necessary {See subsection 7.5.4).
5. Noble gas: 107 10 107 pCilec
Particulate: 10" to 107 pCifee
lodines: 107 to 10 pCilce

Degree of subeooling is caleulated from RS wide range pressure andgore exit temperatare, L -'[Deleted: pressurizer

This mstrument is not required after 24 hours.

® =N

" Deleted: RCS hot leg

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

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

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

. This instrument is not required if non-Class | E UPS power is not available.

12. These devices are backup verification to qualified system status paramcters. These devices are purchased to perform in their anticipated service environments
for the plant conditions for which they inust function.
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Table 7.5-5

SUMMARY OF TYPE B VARIABLES

Function
Monitored Variable Type/Category
Reactivity Control Neutron flux Bl
Control rod position B3
Reactor Coolant System Integrity RCS wide range pressure Bi
RCS wide range T} B1
RCS wide range T, Bl
Containment water level B1
Containment pressure Bi
Reactor Coolant Inventory Control Pressurizer level B1
Pressurizer reference leg temperature Bl
Pressurizer pressure Bl
Reactor vessel - hot leg water level B3
Reactor Core Cooling Core exit temperature Bl
RCS subcooling B1
RCS wide range Ty, B2
RCS wide range T 14 B2
RCS wide range pressure B2
Reactor vessel - hot leg water level B2
Table 7.5-6
SUMMARY OF TYPE C VARIABLES
Function
Monitored Variable Type/Category
Incore Fuel Clad Core exit temperature Cl1
RCS Boundary RCS_wide range pressure Cl
Containment pressure Cc2
Containment water level C1
Containment area high range radiation C1
Turbine island vent discharge radiation level C2
Steam generator blowdown discharge radiation level C2
Steam generator blowdown brine radiation level Cc2
Main steam line radiation level C2
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Table 7.5-7 (Sheet 1 of 4)

SUMMARY OF TYPE D VARIABLES

System Variable Type/Category
Reactivity Control System Reactor trip breaker status D2
Control rod position D3
Pressurizer Level and Pressure Control Pressurizer safety valve status D2
Pressurizer level D2
RCS wide range pressure D2
Pressurizer pressure D2
Reference leg temperature D2

Table 7.5-9 (Sheet | of 4)

SUMMARY OF TYPE F VARIABLES

Variable Type/Category

Monitoring for preplanned manual nonsafety-related system actions

RCS wide range pressure F2
RCS wide range Ty F2
RCS wide range T4 F2
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1.6 MANUAL PASSIVE CONTAINMENT COOLING DIVISION ASSIGNMENT
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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 1 of 2) below.

Table 7.3-3 (Sheet | 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|D 13
Manual passive containment isolation actuation #1 A|B|C]|D 13
Manual passive containment isolation actuation #2 A|lB|[C]|D 13
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I1.7 LOW REACTOR COOLANT FLOW REACTOR TRIP LOGIC MODIFICATIONS

AP1000 is not licensed for N-1 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 1
of 2), Table 7.2-3 (Sheet 1 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 1 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 1 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 S 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.

APP-GW-GLR-080 r0.doc



WESTINGHOUSE ELECTRIC COMPANY LLC
AP1000 Licensing Design Change Document Page 35 of 183

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

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 frip function, jis

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 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-10Q permissive
setpoint, [This enhances reliability by preventing unnecessary reactor trips. The Jrip Js_

automatically reset when reactor power is above the P-10 setpoint,
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Table 7.2-2 (Sheet 1 of 2)

REACTOR TRIPS
Permissives
and
Interlocks
No. of Division Bypass (See Table 7.2-
Reactor Trip” Channels Trip Logic Logic 3)
Source Range High Neutron Flux 4 2/4 Yes'? P-6, P-10
Reactor Trip
Intermediate Range High Neutron Flux 4 2/4 Yes®™ P-10
Reactor Trip
Power Range High Neutron Flux (Low 4 2/4 Yes®! P-10
Setpoint) Trip
Power Range High Neutron Flux (High 4 2/4 Yes* —
Setpoint) Trip
High Positive Flux Rate Trip 4 2/4 Yes? —
2) {Deleted: 8 )
Reactor Coolant Pump Bearing Water 16 (4/pump) 2/4 in any Yes? P-1q, s
: single pump { Deleted: P-10 ]
{ Deleted: 2/4 in 2/4 pumps ]
Deleted: Yes'”
Overtemperature AT 4 (2/loop) 2/4 Yes? e ( = = J
Overpower AT 4 (2/1oop) 2/4 Yes® —
Pressurizer Low Pressure Trip 4 2/4 Yes P-10
Pressurizer High Pressure Trip 4 2/4 Yes'® -
5 .| Deleted: Hi
High-3 Pressurizer, . 4 24 | Yed® P-10. (Detoec: gs )
Water Level Trip
Low Reactor Coolant Flow 8 (4/hot leg) 2/4 in either Yes! P-10 | Deleted: 8 )
hot leg
, - { Deleted: 2/4 in both legs )
{ Deleted: Yes®
Reactor Coolant Pump Underspeed 4 (1/pump) 2/4 Yes? P-10 ; = )
{ Deleted: P-10 )
Low Steam Generator Water Level 4/steam 2/4 in any Yes® -
generator steam
generator
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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
above setpoint

Allows manual block of source range reactor trip

P-6

Intermediate range neutron flux
below setpoint

Automatically resets source range reactor trip

P-10

Power range nuclear power above
setpoint

(a) Allows manual block of power range (low 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
setpoint

(a) Prevents the block of power range (low 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

APP-GW-GLR-080 r0.doc

. [ Deleted: P-8

... [16]

{ Deleted: multiple

o [ Deleted: s

* [ Deleted: multiple

fDeleted: s

N, NI | N, N W




WESTINGHOUSE ELECTRIC COMPANY LLC

AP1000 Licensing Design Change Document

Document Number: APP-GW-GLR-080

Page 38 of 183

Revision Number: 0

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

B 3.3.1 Reactor Trip System (RTS) Instrumentation

BASES

{ Deleted: - Low (Single Cold Leg)
{ Deleted: (Single Cold Leg)

( Deleted: 8

( Deleted: 8

APPLICABLE SAFETY ANALYSES, LCOs, and APPLICABILITY (continued)

10. Reactor Coolant Flow — Low

a.

Reactor Coolant Flow,

The Reactor Coolant Flow — Low frip 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-10 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-10. 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 P10 setpoint, when a loss of flow in one
RCS cold leg could result in DNB conditions in the core, the
Reactor Coolant Flow — Low {rip must be OPERABLE. ,
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. Deleted: In MODE 1 below the P-8
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;| of the lower power level and the
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. .| Deleted: The Reactor Coolant
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' { Deleted: (Two Cold Legs)
- ‘| Deleted: trip Function ensures that

: { Deleted: and below the P-8 setpoint ]

‘| Deleted: , a loss of flow in two or

)
)
'-(Deleted: (Two Cold Legs) )
o
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=

greater margin to the design limit
DNBR.
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protection is provided against
violating the DNBR limit due to low
flow in two or more RCS cold legs.
Above the P-10 setpoint

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 uncentainties as the
detectors do not provide primary
protection for any event that resutts in
a harsh environment.

Deleted: The LCO requires four
Reactor Coolant Flow — Low channels
per cold leg to be OPERABLE in
MODE 1 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.

Deleted: In MODE 1 above the P-10
setpoint

)

(L

( Deleted: and below the P-8 setpoint

Deleted: , the Reactor Coolant
Flow — Low

Deleted: trip must be OPERABLE.

Below the P-10 setpoint, all ™ 117]

. { Deleted: distributions could occur
* | that would cause a DNB con [18]

Deleted: Above the P-8 setpomt a
| loss of flow in any one cold le¢” "ryg]
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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 yeactor 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 1 above P-10.
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-10 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 frip must be
OPERABLE. ,
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16. Reactor Trip System Interlocks

Power Range Neutron Flux, P-10

The Power Range Neutron Flux, P-10 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:

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

Pressurizer Pressure — Low,

Pressurizer Water Level — High 3,

Reactor Coolant Flow — Low,

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.

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

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

o (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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Cofmment: Deleted b. Power Range .
‘Neutron'Flux, P-8 . -.: . SEe

) [ Deleted: c
| Deleted: (Both Hot Legs) J
{ Deleted: (Two Pumps) )




WESTINGHOUSE ELECTRIC COMPANY LLC
AP1000 Licensing Design Change Document Page 41 of 183

Document Number: APP-GW-GLR-080 Revision Number: 0

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

Pressurizer Pressure, P-11

o (5 on decreasing power, the P-10 interlock
automatically blocks reactor trips on the following
Functions:

Pressurizer Pressure — Low,

Pressurizer Water Level — High 3,

. { peleted: (Two Cold Legs)

Reactor Coolant Flow — Low,

'. . ( Deleted: (Two Pumps)
RCP Bearing Water Temperature — High, and .

RCP Speed — Low.

e (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.

- [ Deleted: d

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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L1112 andL.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.
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B 3.4.4 RCS Loops

BASES

ACTIONS

A1l

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 P10 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-10,
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3.3.1 Reactor Trip System (RTS) Instrumentation

ACTIONS
L. One or two channels L.1A1 Place one inoperable
inoperable. channel in bypass or trip.

AND

L.1.2 With two channels
inoperable, place one
channel in bypass and one
channel in trip.

L.2 Reduce THERMAL

POWERto <P-10. = |.

[6] hours

[6] hours

10 hours B -[Deleted: 8

Q-
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TABLE 3.3.1-1 (PAGE 2 OF 5) i
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 3.3.13 Note 1 Note 1
SR 3.3.14 (Page (Page
SR 3.3.16 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 3.3.16 Note 2 Note 2
SR 3.3.18 (Page (Page
SR 3.3.1.11 3.3.1-16) 3.3.1-16)
8. Pressurizer Pressure 10 4 K SR 3.3.1.1 2 [1785] psig
SR 3.3.16
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 3.3.16
SR 3.3.18
SR 3.3.1.11
9. Pressurizer Water Level — 10 4 K SR 3.3.1.1 < [80)%"
High 3 SR 33.186
SR 3.3.1.8
10. Reactor Coolant Flow — Low 1 4 per L SR 3.3.1.1 2 [87]%"
hot leg SR 3.3.16
SR 3.3.18 -
SR 3.3.4.11 e -[Deleted: a. Single Hotleg [ [ZZ]J
Y
R "~ Deleted: §
(f) Above the P-10 (Power Range Neutron Flux) interfock. {(g) Above the P-8 (Power Range

Neutron Flux) interfock.§]

(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 19 4 per RCP. L SR 3.3.1.1 2 [230]°F*
{RCP) Bearing Water SR 3.3.16
Temperature — High SR 3.3.1.8
- '| Deleted: a. Single Pum
e = - . v - _r v. v - Y s [ 9 P )
o ‘[Deleted: 19 j
. e e e e e o oo - L . A4 v - - OO U U GO, -
( Deleted: 4 per RCP )
12. RCP Speed - Low 10 4 K SR 33.1.1 2 [90]% .
SR 33.16 - [ eteted: L )
SR 33.1.8 | Deleted: SR 3.3.4.1 .
SR 3.3.1.6
13. Steam Generator (SG) 1,2 4 per SG E SR 3.3.1.1 SR 3.31.8
Narrow Range Water SR 3.3.1.6
Level — Low SR 3.3.1.8 [Deleted: 2 [320]°F" J
SR 33.1.11 (Deleted: b. Two Pumps ]
14. Steam Generator (SG) 1,2% 4 per SG E SR 3.3.1.1 <[1001% . (Ddeted; ) ]
Narrow Range Water SR 3.3.16 s
Level - High 2 SR 3.3.1.8 ( Deleted: 4 per RCP )
SR 3.3.1.11 _(Demed: K )
15. Safeguards Actuation Input .| Deleted: SR 3.3.1.1
from Engineered Safety ‘| SR 3.3.16 .
Feature Actuation System SR 3.3.1.8 )
a. Manual 1,2 2 SR 3.3.1.10 N/A N/A (Deteted: 2 [3201°F* )
b. Automatic 1,2 4 M SR 3.3.1.6 N/A N/A

() Above the P-10 (Power Range Neutron Flux) interfock, _

(k) Above the P-11 (Pressurizer Pressure) interlock.

1 Deleted

|

A (g) Above the P-8 (Power Range

Neutron Flux) interiock.{]
(h) Above the P-10 (Power Range
Neutron Flux) interlock and below the
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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 3.3.186 2[1E-10]
Neutron Flux, P-6 SR 3.3.1.9 amps
b. Power Range Neutron 1,2 N SR 3.3.16 [10]% RTP
Flux, P-10 SR 3.3.1.8
c. Pressurizer Pressure, 1,2 4 N SR 3.3.1.6 < [1970] psig
P-11 SR 3.3.1.9
17. Reactor Trip Breakers 1,2 4 divisions P.Q SR 3.3.15 N/A N/A
30,49 50 with 2 RTBs
per division
18. Reactor Trip Breaker (RTB) 1,2 1 each per P.Q SR 3.3.15 N/A N/A
Undervoltage and Shunt 30 40 50 RTB
Trip Mechanisms mechanism
19. Automatic Trip Logic 1.2 4 divisions M SR 3.3.1.86 N/A N/A
30,49,50 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 12 4 M SR 3.3.1.6 N/A N/A
30 40,59 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
30,40 58 2 switch B SR 3.3.1.10 N/A N/A
sets
b. Automatic 1,2 4 M SR 3.3.16 N/A N/A
30,49 59 4 R SR 3.3.1.6 N/A N/A
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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 P10, low flow in either hot leg
actuates a reactor trip (see Section7.2, o

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.
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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:

e 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 P10).
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 1 (Reference 3), provides analyses of grid
frequency disturbances and the resulting protection requirements that are applicable to the AP1000.
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 P}0, low flowin .. .| Deleted: 8

Deleted: Between approximately
10-percent power (permissive P10) and
the power level corresponding to
permissive P8, low flow in both reactor
coolant hot legs actuates a reactor trip.

approximately 2.5 hertz per second, this trip function also protects the core from this underfréquency
event. This effect is described in WCAP-8424, Revision 1 (Reference 3).

Deleted: and the power level

either hot leg actuates a reactor trip. Jf the maximum grid frequency decay rate is less than o '
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Deleted: , low flow in both reactor
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I1.8 OVERTEMPERATURE/OVYERPOWER 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 modern
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:

1. 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 formulation approximates the changes in density and heat capacity by modifying
the trip setpoint (including rate-of-change in T,.,), 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 antomatically reduced according to the following
calculation. Two hot leg temperature measurements per loop are combined with individual cold leg

temperature measurements to form four AT power signals, qa7. e '[Demed: and Tuy

o ‘[ Inserted: power

The AT power signal, gu7. is the calculated core power based on the properties of compressed water at
the measured hot leg T, cold leg temperature, T, and pressurizer pressure, Ppyg:

Qur=_ (T, Te, Ppzgp)
gar = p(Te.Przr)[h(Tii,Przr) - h(Tc.Pyyp) VAT®

Where:
Te = [(+78)/(1+1:8)]Tcoin. where Teoup is the measured cold leg temperature
(lead/lag compensation applied to compensate for cold leg-to-core transit time)
Ty = [(1+18)/(1+148)]1 101, Where Ty o7 is the measured hot leg temperature (lead/lag
compensation applied to compensate for core-to-hot leg transit time)
p(Tc.Przgr) = density of water at cold leg temperature in the cold leg (T¢) and
pressure, Ppzp
h(T.Ppzr) = = _enthalpy of water at the specified temperature (T;; or T¢) and
pressure Py
AT® = a conversion factor, such that the value of g, is 100 percent at normal rated
thermal power
s = __Laplace transform operator
The AT setpoint for, the overtemperature trip is continuously calculated, with one set of temperature __ __ - -( Deleted: s

measurements per loop by interpolating from tabulated core safety limits, with correction (if needed)
for adverse axial power distribution.
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OTATs = OTATg, —fi(AD)

Where:

fi1(AY) = the penalty associated with an adverse axial power distribution

OTATsp = the core DNB thermal design limit with design axial power distribution

OTATgp = f(Ppzr.Tc). The function, f(P.T), is determined by interpolation from

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

Ppzr and Te, pressurizer pressure and cold leg temperature, are as defined previously

A reactor trip is initiated if q47 > OTDTjp in two of the four divisions

JTwo separate ionization chambers supply the upper and lower flux signal for each overtemperature

AT channel.

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, g,7. exceeds the setpoint in two of the four divisions;

Le.,

Qur > OPDTsp = K, — fi(Al),

Where

qAT is the same AT power signal used for the Overtemperature AT reactor trip
K4 =
£(Al) = 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, !

A preset bias
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| ionization chamber flux signals

'| continuously calculated for each loop. §

1 AT setpoint is calculated from the
/| following equation:q

[ Deleted: §
AT (+1s)
(1+2ss)
reactor trip is initiated.y

AT setpoint is calculated from the
following equation:q

> AT setpoint, a

<i>ATgeponr = AT, K, - K,

1

Where:q

AT = Measured AT by resistance
temperature detector instrumentation$
AT, = Indicated AT at rated thermal
powery

Twy = Average reactor coolant
temperature (°F) §

T°.; = Nominal T,,, at rated thermal
power]

P = Pressurizer pressure (psig){

P. = Nominal operating pressurey
K; = Presetbias

K, = Preset gain which compensates
for effects of temperature on the
departure from nucleate boiling limits]

K; = Preset gain which compensates
for effects of pressure on the departure
from nucleate boiling limits{

T,,T: = Preset constants which
compensate for piping and instrument
time delay(s)f

T4, Ts . = Preset constants used in lead-
lag compensator for ATY

fi(Ag) = A function of the neutron
flux difference between upper and lower

( Deleted: ¢ )
Deleted: The AT setpoint for this trip is )

(1 + ‘C4S)

(H‘tss)

a reactor trip is initiated.

Deleted: 1

it AT = AT setpoint,

<#> ATgprponr = AT, | Ky — K

1

Where:§

AT = Measured AT by resistance
temperature detector instrumentationy

AT, = Indicated AT at rated thermal
powery
f2(Ap) = A function of the neutron

flux difference between upper and lower
ionization chamber flux signalsy

Ks = A constant which is equal to zero
for decreasing T,

K. = A constant which is equal to zero
for Ta, less than T,

. = : atl rated tharmal |
T . Indicated Ty, [ (241




WESTINGHOUSE ELECTRIC COMPANY LLC
AP1000 Licensing Design Change Document Page 54 of 183

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

Increases in Al beyond a predefined deadband results in a decrease in trip setpoint

The source of temperature and neutron flux information is identical to that of the overtemperature AT . - '[Deleted:ﬂ

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
signal.

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.
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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

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

2.1.1.1 The departure from nucleate boiling ratio (DNBR) shall be maintained
2 [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, qar, shall not be less than the measured reactor thermal power by more than [1]% of RTP, where
the AT power signal, gar, is computed as
= T = T, Ppzr)[N(Th, P, - h(Tc,Ppzr) VAT

where:

T¢ = [(1+7,8)/(147,8)] TcoLo, Where Tcop is the measured cold leg temperature, °F, with lead/lag compensation
applied to compensate for cold leg-to-core transit time

Ty = [(1+7:8)/(1+748)|Tor, where Ty is the measured hot leg temperature, °F, with lead/lag compensation
applied to compensate for core-to-hot leg transit time

1y 2 "1 sec 1, S[*] sec

1.2 [*] sec 15 S [*] sec

P, = _density of water at the measured cold leq temperature in the cold leg (T¢), °F, and measured
pressurizer pressure, Ppzg, psia

h(T ,Ppzr) = enthalpy of water at the specified measured temperature (T,; or T¢c) and measured pressurizer
pressure, Ppzg, psia

AT® = a conversion factor, such that the value of q,; 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 [0.2% of RTP for - {Deleted: Function Allowable Value ]
THOT: 0.2% of RTP for Tcoun; 0.06% of RTP for préssurs: and 0.14% fRIPfor MR-~~~ -~~~ -~ - -=-----~- -
v

_______________________ { Deleted: AT span

+
Deleted: AT—E: . : 3 <ATy {K,- KZ?(
where:
- OTATS°p = f(Ppzr, Tc), determined by interpolation from tables [*] of allowable core thermal power as a
- function of core inlet temperature at various pressures.
Ppsr and T, pressurizer pressure and cold leq temperature, are as defined above, e ( Deleted: § J
fi@a) = P+ (G- qo)} when q, - qp < -[']% RTP

0% of RTP when -[]% RTP < q, - g S [']% RTP

THla-aw) - ' when q, - g > [']% RTP

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

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

Note 2: Overpower AT

\

{ Deleted: Where: AT is measured
RCS AT, °F.q
AT, is the indicated AT at RTP, °F.§
————————————— s i§ the Laplace transform operator,
. sec .§
T is the measured RCS average
e e e e — . J e . e e e e e "_"_"_—_"‘\,\ temperature, °F.ﬂ
OPDTes = Koo £-AD -.\l'i;\ < '[I'*'] :?: t;]\e indicated T, at RTP,
Where: P is the measured pressurizer
pressure, psig.{|
P’ is the nominal RCS operating
pressure, 2235 psig.{|
CKi sl K 2[')°F K; 2 ['Vpsig]
1, 2["] sec 1, S ["] secy
1y 2["] sec 15 s [*] secy

Kes[]
L) =1}

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

Deleted: Function Allowable Value
Deleted: % of

Vo
Lot
[
T

\
LY

Deleted: AT span

NCTY YT

AN AN

(1+1,8)
Deleted: AT—=2-—< < AT, -Ks—
- (1+153) 0iKa K51
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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 Ty;or and
Tcoup.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 [ Deleted: each loop AT as a measure of J

DNB as follows: reactor power and is automatically varied
e with the following parameters:

*  reactor,core inlet temperature — the Trip Setpoint is variedto ___ _ . -~ { Deteted: coolant average )
Deleted: coolant density and ]

correct for changes in_core inlet temperature based on -
specific heat capacity with changes in

measured changes in cold leq temperature with dynamic
coolant temperature

compensation to account for cold leg-to-core transit time;

e  pressurizer pressure — the Trip Setpoint is varied to correct for
changes in system pressure; and

e 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
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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 1 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.c., 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
signal generated 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

2of Table 3.3.1-1,
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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.

o 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.

e 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 Jikelihood of inadvertent actuation during normal operation.

o 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. Excessive increasing rate of source range flux doubling signal . -—-[Deleted: nuclear J
2. Lossof ac power sources ( low Class 1E battery charger input voitage) o ( Deleted: power ]
3. Reactor trip (Table 7.3-2, interlock P-4)
In the event of an excessive increasing rate of source range flux doubling signal, the block of boron . - -[Deleted: T )
ditution is accomplished by closing the chemical and volume control system makeup isolation valves
and closing the makeup pump suction valves to the demineralized water storage tanks, This signal ~ __. --LDeleted: ,and
also pr'ovides an non-safety trip of the makeup pumps. These a_ctions termin‘ate the supply of " Deleted: aligning the boric acid tank to
potentially unborated watcer to the reactor coolant system as quickly as possible. the reactor coolant system makeup pumps

In the cvent 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 demincralized 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
shutdown 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 T, compared to a similar average taken at time period T; 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. 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 1E 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-1 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-19 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-19 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-1 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 T1, 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 3, 6 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 7.2-1, 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 1E 2/charger 2/2 per charger None

battery chargers and 2/4

chargers’

c. Reactor trip (P-4) 1/division 2/4 None

14. Chemical Volume Control System Isolation (See

Figure 7.2-1, Sheets 3, 6 and 11)

t.  Flux doubling calculation

4

2/4-BYP'

Manual block permitted when critical

or intentionally approaching criticality
Automatically unblocked below P-6
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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 1.6
Deleted: 11
Neutron flux (flux doubling 1 to 10° c/sec +30%ofspan [ 10® . i ]
calculation) _ [De'ete": 0 )
- S S o | Deleted: 10 )
Control room supply air 107" to 10~ p Ci/ee + 5.0% of full scale 5.0 : )
radiation level [Deleted' }
Containment radioactivity 10 to 107 R/hr + 5.0% of full scale 5.0
Notes:
1. 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 calculauon - ( Deleted: time constant
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DCD Figure 9.3.6-1 Sheet Revisions

Sheet 1, Note 8 — Change text to read ““...High 1 Pressurizer Leve!, 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 tenninate possible unplanned
boron dilution events. The valves also close on a safeguards actuation signal coincident with high-1
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-1 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-1 pressurizer water level coincident
with *“S” signal
Boron dilution block on source range flux 2.2 over 50 minutes CR0q, Deleted: 16
doubling Deleted: 10
Deleted: .0

ADS Stage 1 actuation on core makeup tank
low level signal

67.5% of tank volume

20.0 seconds for comroi -

valve to begin to open)

Deleted: multiplication

ADS Stage 4 actuation on core makeup tank
low-low level signal

20% of tank volume

30.0 seconds for squib
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.)
Uncontrofled RCCA bank Power range high neutron - Pressurizer safety

withdrawal at power

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

valves, steam generator
safety valves

RCCA misalignment

Overtemperature AT,
manual

Startup of an inactive
reactor coolant pump at an
incorrect temperature

Power range high flux, low
flow (P-8 interfock),
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

CVS 10 RCS isolation
valves. makeup pump
suction isolation valves
from the demincralized

storage system

Deleted: Low insertion limit
annunciators

Spectrum of RCCA ejection
accidents

Power range high flux, high
positive flux rate, manual

Pressurizer safety
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 systeny, by isolating the makeup pump suction line to the demineralized water

transfer and storage system storage tank or by tripping the makeup pumps, Lost shutdown margin - [ Deleted: .
may be regained by ,adding borated water (greater than 4000 ppm) to the reactor coolant system [ peleted: Flow from the demineralized
from the boric acid tank. - water transfer and storage system, which
Generally, to dilute, the operator performs two actions: ", | s the source of unborated water, may be
! . . . terminated by closing isolation valves in
e Switch control of the makeup from the automatic makeup mode to the dilute . | the chemical and volume control system.
mode.

Deleted: opening the isolation valve to
the boric acid tank and thus allowing the
| addition of

e 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 contro} 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

e 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
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o  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 II incident (a fault of moderate frequency), as defined in
subsection 15.0.1.
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154.6.2.2 Dilution During Cold Shutdown (Mode 5)

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

* Adilution flow of 175 gpm of unborated water exists.

| Deleted: 200

o

e A volume of 2592.5 f’ is a conservative estimate of the minimum active reactor coolant _ . - [ Deleted: 2402

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.

e Control rods are fully inserted, which is the normal condition in cold shutdown and a

critical boron concentration of 1483 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 | 675 ppm.

e At least one reactor coolant pump will be normally operating during plant operation in

Moaode 5. It may be possible under some conditions. however, to_operate the plant in
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 svstem volumes that are being actively mixed bv the residual heat
removal system pumps

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

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, thc makeup pumps are

tripped for equipment protection only.
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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
uncentrolled boron dilution transient
cannot occur, as discussed in

section 15.4.6.2.1.

[ Deleted: of 60 percent of

N LDeIeted: detection

[ Deleted: of the

1 Deleted: Upon any reactor trip signal,

‘I 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 avtomatically
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.

A N A




WESTINGHOUSE ELECTRIC COMPANY LLC
AP1000 Licensing Design Change Document Page 70 of 183

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

The automatic protective actions initiate about 1 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.

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:

¢ Adilution flow of 175 gpm of unborated water exists.

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

e 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 1449

e 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 1649 ppm. o

¢ 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 large increase jn 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 only. The protective actions initiate about 32 minutes after the

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

4

| Deleted: 200

* Adilution flow of 1 75 gpm of unborated water exists.

e The reactor coolant system volume is 7539.8 ft'. This is a conservative estimate of the . (Deleted: 7300

minimum active volume of the reactor coolant system with the reactor coolant system
filled and vented and one reactor coolant pump running.

e Critical boron concentration is 128! ppm. This is a conservative boron concentration . - ! Deleted: 655

assuming control rods are fully inserted minus the most reactive rod, which is assumed
stuck in the fully withdrawn position.

o 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 { Deleted: 767

concentration of } 309 ppm.

e 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 a sufficiently large increase ju of the neutron flux, automatically initiates [Deleted: an
valve movement to terminate the dilution, and sounds an alarm. ) { Deleted: of 60 percent

Upon the actuation of a source range flux doubling sigmal. the makeup flow to the reactor coolant
svstem and the makeup pump suction ling to the demineralized water transfer and storage system
storage tank are isolated. thereby terminating the dilution. In addition, the makeup pumps ure
tripped for equipment protection onlv,

Protective actions initiate about 32 minutes after start of dilution. No operator action is required j Deleted: Asin the analyses for Modes
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to terminate this transient. ; boration function in safety analysis is to
E account for the additional dilution effect
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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:

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

¢ Minimum reactor coolant system water volume is 8126 fi. 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, . -- | Deleted: initiates a limited dilution and
. R R R then manually withdraws the control
Once critical, the power escalation is slow enough to allow the operator to manually block the rods, a process that takes several hours.
. .. .. . . . The Technical Specifications require that
source range reactor trip after receiving the P-6 permissive signal from the intermediate range the operator determine the estimated
: 5 : gl critical position of the control rods prior
detectors (nominally at 10° cps). Too fast a power escalation (due to an unknown dilution) would {0 approaching criticality and thus
result in reaching P-6 unexpectedly, leaving insufficient time to manually block the source range provide confidence that the reactor does
i . . . . . . . not go critical with the control rods below
reactor frip. Failure to perform this manual action results in a reactor trip and immediate the insertion limits.

J

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 suction line to the demincralized water transfer and storage sysiem

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

tripped for equipment protection onlv, During 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 signal,or low input voltage to the Class 1E dc and uninterruptable power .- [ D funge X ]
supply system battery chargers, a safety-related function automatically isolates the potentially ( Deleted: or a safety mjection signal, )
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



WESTINGHOUSE ELECTRIC COMPANY LLC
AP1000 Licensing Design Change Document Page 73 of 183

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

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.

APP-GW-GLR-080 r0.doc

‘| 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

APPLICABILITY:

OPERABLE.

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

Two CVS Demineralized Water Isolation Valves shall be

ACTIONS
CONDITION REQUIRED ACTION COMPLETION TIME
One CVS demineralized | A.1 Res_tore 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.
Required Action and B.1
associated Completion -NOTE -
Time of Condition not Flow path(s) may be
met. unisolated intermittently
under administrative
OR controls.
: : . [ Deleted: B.1
Two CVS demineralized | Isolate the flow path from [ 1hour
. - the demineralized water
two makeup line
isolation valves storage tank to the Reactor
inoperable. operable Coolant System by use of
) at least one closed manual
or one closed and
de-activated automatic
valve.
SURVEILLANCE REQUIREMENTS
SURVEILLANCE FREQUENCY

SR 3.1.91

Verify two CVS demineralized water isolation valves
and two makeup line isolation valves are OPERABLE

by stroking the valve closed.

In accordance with
the Inservice
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 contro! 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 One of the initial assumptions in the analysis of an inadvertent boron
SAFETY dilution event (Ref. 1) is the assumption that the increase in core
ANALYSES 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

s
demineralized water isolation valves are components which function to . { Deleted: 00
mitigate or prevent an AQO. ’

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 vaives
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

A1

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 210,34 4im) 4 BT SR 3.3.2.1 < Source
Neutron Flux, = . . e e . SR3324 ... .Range FIU{ Deleted: Multiplication
; SR 3.3.25 [2.2 in 50
Roubling SR 3326 minutes{ Deleted: 1.6
5 4 B,P SR 3.3.2.1 < Source
SR 33.24 Range Flux X
SR 3.3.25 .2in 50 peleted: 1.6
SR 3.3.26 minutes
b. Reactor Trip Refer to Function 18.a (ESFAS Interlocks, Reactor Trip, P-4) for all requirements.
c. Battery Charger 1,2,3,4™ 4 divisions BT SR 3.3.23 2 [343} V*
Input Voltage — Low SR 33.24
5™ 4 divisions B,P SR 3.3.23 2[343} v*
SR 3.3.24

‘| Deleted: Below the P-6
(Intermediate Range Neutron Flux)

(f) Not applicable when crilical or during intentional approach to criticality. .
() With the RCS not being cooled by the Normal Residual Heat Removal System (RNS). | interlocks.

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

(p) Above the P-19 (RCS Pressure) interlock.
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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 . ( Deleted: below the P-6 interlock
MODES 4, or 5 is derived from source range neutron flow - { Deleted: 3,

increasing at an excessive rate (source range flux doubling). 7
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 fluxintwoof . {Deleted: flow }
the four divisions, demineralized water is jsolated fromthe . { Deleted: makeup )
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: flow multiplication

15.c. Battery Charger Input Voltage — Low

Demineralized water is isolated and the Makeup Pumpsare .. -[Deleted: Block of boron dilution is J
aligned to the BAT by the loss of ac power. A short, preset also actuated from

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 1E battery chargers. The

loss of ac power signal is based on the detection of an

'APP-GW-GLR-080 r8.doc



WESTINGHOUSE ELECTRIC COMPANY LLC
AP1000 Licensing Design Change Document Page 82 of 183

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

undervoltage condition, by each of the two sensors connected - Deleted: s

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 § 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 _. - - | Deleted: Above the setpoint, the P-6
unbiocks the flux doubling function, permitting the block of hnlffrm::.a::ga“{.soi 'a"catlf]‘:;‘"):'mk of the
born dilution. Normally, this Function is blocked by the main , 1

| permitting block of boron dilution.
control room operator during reactor startup. This Function is
required to be OPERABLE in MODE 2.
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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:

Manual initiation

High-2 containment pressure

Low lead-lag compensated steam line pressure
High steam line pressure negative rate

Low reactor coolant inlet temperature

nk W=

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 Deleted: In addition, separate controls

controls initiates steam line isolation for both steam generators. e “'egf_"‘(’!;d?g f"l' f“-‘“m line ist‘"a‘i“ of
____________________ €ach individual steam genera oT.
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I1.11 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 1 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 1
Auxiliary Spray Isolation block control C 12
Manual core makeup tank injection actuation #1 A|BIC|D 12
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I1.12 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™ Stage ADS
Actuation performed on Sheet 15. This same signal along with the 4" 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" 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, yeactor 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 4" 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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I1.13 CREATION OF NEW PERMISSIVE P-3 FOR SAFEGUARDS ACTUATION BLOCK

The current design allows the Safeguards Actuation Block when P-4 is true. P-4 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-11 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) blocks the safeguards actuation signal. . [Deleted:4
Absence of P-3 automatically resets the blocking function. The safeguards actuation signalis . [ Deleted: 4

manually reset based on a preset delay following initiation. Resetting the signél does not
reposition any safeguards actuated equipment, since individual components are required to
latch in and seal on the safeguards actuation signal.
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Table 7.3-1 (Sheet 1 of §)

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-11
Automatically unblocked above P-11
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-11
steam line pressure cither steam line | Automatically unblocked above P-11
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-11
temperature (Low Tq) loop® 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
absenceof P3, |- Deleted: Nonet
e. Manual safeguards 2 switches 1/2 switches None gi!iii?:gfﬁ::ﬁ?::i;ie;ﬁ )
initiation Block automatically removed on absence

of P-4
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. [ Deleted: switchgear open (reactor trip)
e [ Deleted: b

Deleted: (a)

Deleted: Permits manual reset of
safeguards actuation signal to block
automatic safeguards actuation

Deleted: ¢

R [Deleted:d

Deleted: switchgear closed

Table 7.3-2 (Sheet 1 of 4)
INTERLOCKS FOR ENGINEERED SAFETY FEATURES ACTUATION SYSTEM
Designation Derivation Function
P3 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 trip jnitiated or reactor breakers [, o __ ...
open (@), Isolates main feedwater if coincident with
low reactor coolant temperature )
(. Trips turbine
(9) Blocks boron dilution __ __ __
P-4 No Reactor trip initiated and reactor Removes demand for isolation of main
breakers closed, | feedwater, turbine trip and boron dilution block,
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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 Interfocks
a. Reactor Trip, P-4 1,2,3 3 divisions DM SR 3.3.23 N/A N/A
b. Pressurizer 1,2,3 4 JM SR 3.3.2.1 £ [1970] sig
Pressure, P-11 SR 3.324
SR 3325
SR 3326
c. Intermediate Range 2 4 JL SR 3.3.21 2 [1E-10)
Neutron Flux, P-6 SR 3.3.2.4 amps
SR 3.325
SR 3.326
d. Pressurizer Level, 1,2,34,5,6 4 JM SR 3.3.21 Above
P-12 BB.Y SR 3.3.24 Pressurizer
SR 3.3.25 Water Level -
SR 3.3.26 Low 1
setpoint of
[20]%
e. RCS Pressure, P-19 1,2,3,49 4 JN SR 3.3.21 2 [700] psig
SR 3.3.24
SR 3.325
SR 3.3.2.6
f. Reactor Trip Breaker 123 3 divisions DM SR 3323 NIA N/A

QOpen, P-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 3.3.23

SR 3.3.2.3 is the performance of a TADOT of the manual actuations,
initiations, and blocks for various ESF Functions, the Class 1E 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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11.14 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 delayved from actuating each time the source range detector’s high
voltage power is enervized 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 1 is an average of the source range count rate, sampled at least N times over the
most recent time period T1, 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 3.31

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.
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 actuating cach 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. 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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IL.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 1&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 typical response times for the variables used in . Deleted: Typicalr

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.
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Table 7.2-1 (Sheet 1 of 3)

(DESIGN BASIS FOR REACTOR TRIP)

REACTOR TRIP VARIABLES, LIMITS, RANGES, AND ACCURACIES

between top and
bottom power
range detectors)

(NOMINAL)
Typical
Response
Protec'tlve ’ Range of Typlcalm Tlm(e_) -| Deleted: s To Be Monitored J
Functions Variable, Variables Accuracy™ | (Sec)?. - [ Deleted: ' )
Source Range High Neutron flux 6 decades of neutron +10% of span 06 .- [ Deleted: 11.0 )
. 6 T
Neutron Flux flux: 1 todIO counts : { Deleted: 2 }
per secon
Intermediate Range Neutron flux 8 decades of neutron x10%ofspan | 06 .-~ | Deleted: 12.5 )
High Neutron Flux flux overlapping = Deleted: 2 ]
source range by
2 decades and
including 100% power
Power Range High Neutron flux 1 to 120% of full +5% of span 05 .- - | Deleted: 7.0 J
Neutron Flux (Low power - [ Deleted: 2 J
Setting)
Power Range High Neutron flux 1 to 120% of full +5% of span 05 - | Deleted: 70 )
Neutron Flux power [ Deleted: 2 }
(Hi-Setting) JI
Power Range High Neutron flux 1 to 120% of full tl%ofspan | 06 .- - | Deleted: .0 ]
Positive Flux Rate power (step input of" (Deleted: 2 ]
20% full power) "
Overtemperature AT +5% of AT span . |l Deleted: 11.5 }
—~ - - Deleted: 7.0
Reactor coolant | 490° to 610°F . 55 | (TagoraD J
inlet temp. (Teotd) . t Deleted: +2.5% of span }
Reactor coolant | 530° to 650°F . 55 |Deleted: 6o )
outlet temp. (Thor) C ( Deleted: +3.5% of span ]
Pressurizer 1700 to 2500 psig 3% of span _ Do %Deleted: 6.0 %
pressure “-" 7 1 Deleted: 2.5
Neutron flux -60 to +60% (Ag) 26 | Deleted: 1.5 )
(ditference " { 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
Protective Range of Typlcalu—l TlmeQ L L Deloted: < To Be Monitored )
Functions Variable, | Variables |  Accuracy™ | _ (Sec); . [ Deleted: ! )
Overpower AT 3% of ATspan. | | .- [ Deleted: 3.5 J
o o " Deleted: 7.0 .
Reactorcoolan | 490 (0 10°¢ o as 1% o j
inlet temp. (T, Tl
B o —{ Deleted: +2.5% of span ]
Reactor coolant 530° to 650°F v 55 . ( Deleted: 60 ]
outlet temp. (The) T
| Deleted: +3.5% of span )
I\(I:;tron flux -60 to +60% (Ag) . _ .88 {Deleted: 60 )
ifference AN . o
between top and S [ Deleted: +7.0% of span )
bottom power [ Deleted: 2.0 ]
range detectors) "
Pressurizer Low Pressurizer 1700 to 2500 psig +3% of span R L | Deleted: 2.5 J
Pressure pressure ’ ) [ Deleted: 1.2 )
Pressurizer High Pressurizer 1700 to 2500 psig 3% ofspan | P9 .7 | Deleted: 25 )
Pressure pressure : i ( Deleted: 1.2 )
Pressurizer High Water | Pressurizer water | 0-100% of entire £5% of span 99 .7 " Deleted: 2.25 : )
Level level cylindrical portion of - [ Deleted: 1.6 J
pressurizer "
Low Reactor Coolant Coolant flow 0 to 120% of rated +3% of span 99 .- | Deleted: 30 ]
Flow fow " ( Deleted: 1.6 ]
Low Reactor Coolant Pump speed 0 to 120% of rated +1% of span 07 -7 | Deleted: 02 ]
Pump Speed speed L [ Deleted: 42 ]
{ Deleted: ™ J
Low Steam Generator Steam generator | 0-100% of span 22%ofspan | P9
Water Level water level (narrow range taps) L [Deleted: 20 ]
- {Deleted: 1.6 ]
High Steam Generator Steam generator | 0-100% of span £13% of span DI
**************** i {Deleted: 20 }
Water Level water level (narrow range taps) .
{ Deleted: 1.6 J
Reactor Coolant Pump Reactor coolant 70°-450°F +2% of span S5 . [ D .
High Bearing Water pump bearing .
Temperature water [ Deleted: 2.0 J
temperature "
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Table 7.2-1 (Sheet 3 of 3)

(DESIGN BASIS FOR REACTOR TRIP)

REACTOR TRIP VARIABLES, LIMITS, RANGES, AND ACCURACIES

(NOMINAL)
Typical
Response
Protective Range of Typical Time ‘| Deleted: s To Be Monitored }
Functions Variable, | Variables | = Accuracy™ (S0 [Daretea:? )

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
Depressurization
System Actuation

See Table 7.3-4

See Table 7.3-4

See Table 7.3-4

See Table 7.3-4

Automatic or Manual
Core Makeup Tank
Injection

Notes:

1. Meusurement uncertainty typical of actual applications.

See Table 7.3-4

See Table 7.3-4

See Table 7.3-4

See Table 7.3-4

Harsh environment allowances have been

included where applicable.

2. Delay from 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).
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‘| time.

‘| Deleted: Reference Leg Temperature
Compensation'” ... [25]

<

‘| 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

M

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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ENGINEERED SAFETY FEATURES ACTUATION,

Table 7.3-4 (Sheet 1 of 2)

VARIABLES, LIMITS, RANGES, AND ACCURACIES @~ _ .| Deleted: ACCURACY’S
(NOMINAL)
Typlcal Resp(:nse .| Deleted: to be Monitored )
Variable, | Range of Variable | Typical Accuracy'” |  Time (Sec)® - °
. .| Deleted: 'V
Pressurizer pressure 1700 to 2500 psig +14% of span e - — }
. : 1 peleted: 1200 )
Steam line pressure 500 to 1300 psig 3% of span (Normal | 10O,
environment) | Peteted: 1.2 )
| Deleted: " )
£10% of span
(Adverse environment} Deleted: 3.0 ]
. | Deleted: @
Steam line negative pressure rate 0 to 250 psig/sec 10.2% of span Lq e J
. | Deleted: " ]
Reactor coolant inlet 490 to 610°F +3% of span 55
temperature (T 4)
| Deleted: '
Reactor coolant outlet 530 to 650°F +2% of span 35 ee
temperature (T,)
| Deleted: '
Containment pressure -5 to 10 psig +3% of span LG b
| Deleted:
Reactor coolant system hot leg 0 to 100% of span +5% of span e, e
level
. | peleted: "
In-containment refueling water 0 to 100% of span 6% of span 10 cee J
storage tank level
. - Deleted: 250 ...400 ...6.5
Undervoltage on ac buses Do 500V 2% of setpoint LS, . b L [26]]
102 { Deteted: © J
Steam generator narrow range 0 to 100% of span +22% of span 40 { Deleted: 1.6 J
water level (narrow range taps) L Detated: ™ )
Steam generator wide range 0 to 100% of span +32% of span 10, .- peleted:"” )
water level (wide range taps)
-] Deleted: ' J
Core makeup tank narrow range 0 to 100% of span +40% of span 16,
upper water level
‘| Deleted: "
Core makeup tank narrow range 0 to 100% of span +40% of span 10 = )
lower water level
. | Deleted: "
Reactor coolant pump bearing 70 to 450°F 2% of span 35 e
temperature
Deleted: '
Spent fuel pool level 0 to 26 feet +3% of span L0 = J
i i ' ] Deleted: '
Reactor coolant system wide 0 to 3300 psig 3% of span F R

range pressure
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Table 7.3-4 (Sheet 2 of 2)

ENGINEERED SAFETY FEATURES ACTUATION,
VARIABLES, LIMITS, RANGES, AND ACCURACIES
(NOMINAL)

Typical Response

) S . | Deleted: s to be
Variable | Range of Variables | Typical Accuracy™ |  Time (Sec) -~ | Monitored

‘| Deleted: 2.25

Pressurizer water level 0 to 100% of +J0%ofspan | 1.0

cylindrical portion of .77 | Deleted: 1.2
pressurizer Deleted: ‘"

Startup feedwater flow 0 to 1000 gpm &7%ofspan [ 39 ] Deleted: 4.0
= Deleted: 1.6

N T .t
calculation) e Deleted:
~——] Deleted: 11.0

Neutron flux (flux doubling 1 to 10 c/sec +30%ofspan __ | Lo .

Control room supply air 107 to 107 p Ci/ce +50% of setpoint | 20

e Gl " [ Deleted: 10.0
radiation level Lo
Deleted:

h

Containment radioactivity 10° to 16" R/hr +50% ofsetpoint 120 " [ Deleted: 5.0

1. Mecasurement uncertainty typical of actual applications. Harsh environment allowances have been '[Deleted: 5.0
included where applicable. ’

2. Delay from the time thai the process variable exceeds the setpoint until the time that an output is
provided to the actuated device,

3. Response time depends on flux doubling

.. ( Deleted: 5.0
[Deleted: full scale
i (Deleted: 5.0

I

‘| 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.{

)

)

)

)

)

)

)

)

)

)

— )
Notes: ¢ " { Deleted: full scale ]
)

)

)

1

]

(Deleted: time constant settings
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I1.16 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) griteria and is not included in t}ig Technical
Specifications.

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 Final Policy

Statement on Technical Specification
Improvements

Deleted: July 1993 NRC Final Policy
Statement on Technical Specification
Improvements
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.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

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. The motive force for core makeup tank injection is provided by density _ . - [ Deleted: Condition 6 initiates a }

Londitions 1 through 5 initiates a block of the pressurizer heaters; trip the reactor and reactor . - { Deleted: <#>Pressurizer water level
increasing above the P-12 interlocky

differences between the fluids in the cold leg balance line and the core makeup tank water. 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.

( Deleted: Block

7.3.1.2.23 Pressurizer Heater Trip

Signals for disabling the operation of the pressurizer heaters are generated from any of - -[Deleted: blocking

the following conditions:
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, the electrical _ . - [ Deleted: all
power is removed from the pressurizer heaters. In addition, Division C of the protection . . (peleted: al

and safety monitoring system provides a sepafaté"signal to the pléht control smystefn. 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 disabling of the pressurizer heaters, even if a single .. (Deleted: blocking

component failure occurs.
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Table 7.3-1 (Sheet 8 of 8)

ENGINEERED SAFETY FEATURES ACTUATION SIGNALS

Actuation Signal

No. of
Divisions/
Controls

Actuation
Logie

Permissives and Interlocks

25. Pressurizer Heater Irip (Figure

721, Sheets6and 12)

‘| Deleted: Block

a. Core makeup tank injection

(See items 6a through 6¢)

b. High-3 pressurizer level

2/4 BYP!

Manual block permitted below P-19
Automatically unblocked above P-19

APP-GW-GLR-080 r0.doc



WESTINGHOUSE ELECTRIC COMPANY LLC
AP1000 Licensing Design Change Document Page 104 of 183

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

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) Permits 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

(¢} Permits manual block of the pressurizer
heater trip on high pressurizer water level

P-19 Reactor coolant system pressure above (a) Prevents manual block of chemica!l 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

P
{z]

Prevents manual block of the pressurizer
heater trip on high pressurizer water level
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11.20 MINOR TEFCHNICAL 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. Ttem 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 ¢. 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, Sheetg 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

Actuation Signal

No. of
Divisions/
Controls

Actuation
Logic

Permissives and Interlocks

23. Open All Containment Recirculation Valves (Figure 7.2-1, Sheet 16)

3, Automatic reactor coolant
system depressurization
(fourth stage
coincident with)

... (See items 3d through 3f)

‘| Deleted: b

Low IRWST level
(Low-3 setpoint)

2/4 BYP'

None

b, Manual initiation =~

. “4controls

| 2/4 controls®

_ .None

Deleted: ¢
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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-12 setpoint.

This change requires modifications to Tier 1 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-1 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

Actunation Signal

No. of
Channels/ Actuation
Controls Logic Permissives and Interlocks

24, Chemical a

nd Volume Control System Letdown Isolation (Figure 7.2-1, Sheet 16)

a. Low-1 hot leg level

Manual block permitted above P-12
Automatically unblocked below

1 per loop 172

P-12

INTERLOCKS FOR ENGINEERED SAFETY FEATURES ACTUATION SYSTEM

Table 7.3-2 (Sheet 3 of 4)

Designation

Derivation Function

P-12

Pressurizer level below setpoint

{e)_Automatically unblocks chemical and

volume control system letdown isolation
on Low-1 hot leg level

Permits manual block of chemical and
volume control system letdown isolation

Pressurizer level above setpoint (f)

on Low-1 hot leg level
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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 controf #2 D 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. HotLeg 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.

I1.23 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 Tcop AND HIGH STEAM PRESSURE NEGATIVE RATE ESF ACTUATION
LOGIC MODIFICATIONS

The existing Jogic shown on Figure 7.2-1, Sheet 9 for the Low Tcorp 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.

I1.2S 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 Tcorp, and Low-2
Pressurizer Level. The existing logic does not properly segregate the divisions and loops similar
to the changes described in Items I1.7, and I1.24. In addition, an automatic reactor trip will
already be generated by ESF actuation logic based on these same parameters as shown on revised
Sheets 11 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-1 Core Makeup Tank (CMT) level is an input to the Automatic Depressurization System
(ADS) 1st 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, I1.24 and I1.25. 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.

I1.27 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 yoom, 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).

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

thermowell; three thermowells and RTDs for each of the two divisions monitoring

that hot leg. The three thermowells for 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 are 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.
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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 1 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 Range Neutron __| Neutron flux | Lto 120% of full ___ | __ £7.0%of span__ | 02 | .. {peleted: Hign
Flux (Low Setpoint) | .. ... power ... .| .. b |- - [ eteted: seting

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
| Main control room supply air isolation yalve status B L [ Deleted: damper
| Main control room return air solationyalve status B .- {Deleted: dunper
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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 Safeguards Block, Division A A 9
Steamline / Feedwater Isolation and Safeguards Block. Division B B 9
Steamline / Feedwater Tsolation and Safegcuards Block, Division C C 9
Steamline / Feedwater Isolation and Safeguards 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 _ - | Deleted: The sensors and their related
. - T - R STt signal processing devices are mounted in
collection region, connected to separate instrumentation channels, to maintain the impact monitoring pairs

function if a sensor fails in service. Then metal impact monitoring system is described in subsection
4.4.6.4.
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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 AP1000 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-J1 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

Figure 7.2-1 Sheet Number

APP-PMS-J1-101 1
APP-PMS-J1-102 2
APP-PMS-J1-103 3
APP-PMS-J1-104 4
APP-PMS-J1-105 s
APP-PMS-JI-106 6
APP-PMS-11-107 7
APP-PMS-J1-108 8
APP-PMS-Ji-109 9
APP-PMS-J1-110 10
APP-PMS-JI-111 1
APP-PMS-J1-112 12
APP-PMS-Ji-113 13
APP-PMS-J1-114 14
APP-PMS-J1-115 15
APP-PMS-JI-116 16
APP-PMS-JI-117 17
APP-PMS-J1-119 18
APP-DAS-J1-102 9
APP-DAS-J1-103 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:

The remote shutdown workstation is designed with redundancy. When a random event, . - { Deleted: for a single failure

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 safety systems controlled from the remote shutdown
workstation is considered.
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11.30

CONTROL SYSTEM FUNCTIONAL MODIFICATIONS

Correction to description of signal selector algorithm

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, fwo-out-of-four (2/4) voting is used to provide a valid logic value to
the plant control system,
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Correction to the description of pressurizer water level control

The pressurizer water level in the AP1000 is maintained within an operating region which is
programmed as a function of T,,. 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
operating region. The required water level operating region is programmed as a
function of reactor coolant system temperature fo minimize
requirements. No challenges to the protection system result from normal operational
transients.

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 program 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
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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:

4.3.24.16

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, M1, 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, M1, 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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Correction to the description of T,,, compensation

The DCD describes lead/lag compensation applied to the T, 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,,, measured temperatures from each ofthe .. [ Deleted: lead/lag compensated )
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.

Correction to the description of the T,,. control band

Base load and load follow operations use the same T..; 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 for various modes of controf, If the plant .. - [ Deleted: each

is in a Joad regulation mode of operation, then the deadband is widened from that - [ Deleted: (load follow, load regulation, }
used for base load or load follow operation. This allows the core reactivity feedbacks =~ . | or base load)

to assist in stabilizing the plant at the conclusion of the maneuver and reduces the ’ (Deleted: load follow or )

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 AP1000 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 Jag_ . - - -( Deleted: a "smoothing"
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 _ .- - Deleted: time-weighted average

controller to avoid rapid temporary chahges from actuatihg 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.
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Correction to the control rod group-to-bank assignments

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

to move simultaneously. There is individual position indication for each control rod
assembly.

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.

e A "low" alarm alerts the operator of an approach to the M bank or AQ bank, .-

operating procedures.

e 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 prevent further insertion of the M banks) or insertion (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
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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:

¥ =A+B-AT+C-Zo0+D AT Zpo

Zit=E
where:
ZI‘{fL = Maximum permissible insertion limit for the affected M control bank
z49 = Maximum permissible insertion limit for the affected AO control bank

Zso = 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 Z;; > 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:

e IfZ-ZLL <F, alow alarm js actuated. S (Deleted: and interlock

o IfZ-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 AQ 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.
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Correction to the description of the pressurizer pressure control system

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 ghanges in pressure are regulated by modulation of the variable heater control. _ . - -{ Deleted: or slowly varying

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.
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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 Cy 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

7.7.1.8.2

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 Pl-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. Tracking 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 signal
and closes the feedwater control valves.

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.
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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 js also_automatically actuated on signals which indicate a loss of _ .- { Deleted: control subsystem

water inventory or heat sink in the secondary side of the steam generator and will
attempt to recover the inventory loss and return the steam generator water level to the

programmed value. If the startup feedwater cannot recover the inventory deficit, . - --[Deleted: control subsystem

- 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 Pl-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: The startup feedwater control
valve lift required to provide the
demanded startup feedwater flow is
computed on the basis of the estimated
AP available across the startup feedwater
control valve, and the Cy characteristic of
the valve. This compensation improves
the response to changes in system AP,
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Revision to Section 7.6 to be Consistent with Technical Specifications

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:

e  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 1000 psig. . - [ Deleted: psia

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 | Deleted: with the reactor upper
injection line is required to be available in Mode 5 and in Mode 6, .- | internals not removed and the refucling

cavity not filled
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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-118 (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 Numbher of QDPS
Range/ Type/ Instruments Power Indication
Variable Status Category Envirenmental Seismic Required Supply (Note 2) Remarks

Startup fecdwater 0-1000 F2 Mild Yes 1/steam 1E No
flow gpm generator

(Note 1'1)
Startup feedwater Open/ D2.F3 Farsh wYes . Aivalve . 4E s e e [ Deleted: None
control valve status Closed Notg 7} ST ( Deleted: Non-
Containment -5t 10 B1.C2.DM ttarsh Yes 3 IE Yes ( Deleted: No
pressurc psig F2 {Note 4}
Containment 0to 240 Cl Harsh Yes 3 . 1E Yes
pressure (extended psig {Notc 4) -
range)
Containment arca 10107 CI E2,¥2 Harsh Yes 3 IE Yes
radiation (high R (Note 4)
range)
Reactor vessel hot 0-100% B2. B3 Itarsh Yes 1 1E Yes Two instruments
leg water level of span are provided
Plant vent radiatton (Note 3y C2,EZ Mild None 1 Non-1E No
level
Remiotely operated Open/ B1,D2 Harsh/mild Yes I/valve 1E Yes Separate divisions
containment Closed (Note 7) on serics valves
isolation valve status
Boundary eavirons N/A C3.E3 None None N/A Non-1E No Site specific
radiation
Hydrogen 0-20%% c3 None None 1 Non-1E No Three instruments
concentration arc provided
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Table 7.5-1 (Sheet 4 of 12)

POST-ACCIDENT MONITORING SYSTEM

Page 134 of 183

Revision Number: 0

Qualification Number of QDPS
Range/ Type/ Instruments Power Indication
Variable Status Category Environmental Seismic Required Supply {Note 2) Remarks

Class 1E dc 0-150 D2 Mild Yes H/switchboard 1E Yes
switchboard voltages ~ Vdc
Diesel generator On/Off F3 None None 1/diescl Non-1E No
status generator
Diese! generator 0-6000 F3 None None 1/dicsel Non-1E No
load kW generator
Voltage for dicscl- 0-8600V  F3 None None 3/bus Non-1E No
backed buses
Power supply to On/Off F3 None None I/supply Non-1E No
diesel-backed buses source/bus
RCP bearing water 70 F3 Mg Yes  _URCP 1E os .
temperature 450°F {Notc 10)
RCP breaker status Open/ D2. F3 Mild Yes I/breaker 1E No

Closed (Not I1)
Reactor trip breaker Open/ D2 Mild Yes I /breaker IE No
status Closed (Note 1 1)
MCR air storage 0-5000 D2 Mild None 1 Non-1E No Two instruments
bottle pressure psig are provided
Turbine stop valve Open/ b2 None None I valve Non-1E No
status Closed (Note 12}
Turbine control valve  Open/ D2 None None /valve Non-1E No
status Closed (Note 12)
Pressurizer 1700- B1,D2 farsh Yes 3 IE Yes
pressure 2500 (Note 4}

psig
Pressurizer safety Open/ D2 Ilarsh None I /valve Non-1E No
valve status Closed
Pressurizer heater 0-800 F3 None None |/group Non-1E No
power (current) amps
Steam generator Open/ D2, F3 Iarsh o 1/valve JE .
PORY stalus Closcd eled CWNgfe T m o
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Table 7.5-1 (Sheet 5 of 12)

POST-ACCIDENT MONITORING SYSTEM

Page 135 of 183
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Qualification Number of QDPS
Range/ Type/ Instruments Power Indication
Variable Status Category Environmental Seismic Required Supply (Note 2) Remarks
Steam gencrator Open/ D2, F3 Harsh Yes 1ivalve iE Yes
PORYV block valve Closed (Note 7)
status
Steam generator Open/ D2 Harsh None 1/valve Non-1E No
safety valve status Closed
Main feedwater Oper/ D2 Harsh Yes i/valve tE Yes
isolation valve status ~ Closed (Note 7)
Main feedwater flow 0-9x10° F3 None None l/feedline Non-1E No
Ib/hr
Main feedwater Open/ D2 Harsh Yos 1/valve JE wus e
control valve status Closed et = INoRe Fyeow o e e - -
Steam gencrator Open/ D2 Itarsh Yes i/valve 1E Yes
blowdown isolation Closed (Notc 7)
valve status
Steam flow 0-9x10° F3 Nonc Nong 1/steam Non-1E No
b/hr generater
Main steam linc Open/ D2.F3 larsh Yes I/valve IE Yes
isolation valve stamus  Closed tNote 1
Main stcam hine Open/ D2 Harsh Yes I/valve 1E Yes
isolation bypass Closed {Note 7)
valve status
Main feedwater On/OIT D2.F3 Mild None t/pump Non-1E No
pump status
Main to startup Open/ D2.F3 Mild None 1/valve Non-1E No
fecdwater crossover Closed
valve status
Startup feed- On/Off F3 None None Hpump Non-1E No
water pump
status
Circulating water On/Off F3 None None I/pump Non-1E No
pump status
Condenser 0-1 atm F3 None None 1 Non-1E No
backpressure
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POST-ACCIDENT MONITORING SYSTEM

Page 136 of 183

Revision Number: 0

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 1/valve 1€ Yes
Isolation valve status Closed (Note 7)
Condenser stcam Open/ D2, F3 Mitd None 1/valve Non-1E No
dump valve status Closed
Condensate storage 0-100% F3 None None 1 Non-1E No
tank water level of span
PCS water storage Open/ D2 Mild _Hvalve HqE
tank isolation valve Closed Note 7}
status (Non-MOV)
PCS water storage Open/ D2 Mild Yes 1/valve tE Yes
tank serigs isolation Closed {Note 7)
valve status {MOV)
Containment 32- D2, F3 Harsh None ! Non-1E No
tempcerature 400°F
CCS surge tank level — 0-100% F3 None None 1 Non-1E No
of span
CCS flow 0- F3 None Nonc 1 Non-1E No
15.000
. gpm
CCS pump On/Off F3 None None 1/pump Non-1E No
status
CCS flow to RNS Open/ F3 Nene None I/valve Non-1E No
valve status Closed
CCS flow to Open/ F3 None Nonc I /valve Non-1E No
RCPs valve Closed
status
CCS pump inlet 50- F3 None None 1 Non-1E No
temperature 200°F
CCS heat exchanger 50- F3 Nonc None | Non-1E No
outlet temperature 130°F
Containment fan On/Off F3 None None L/fan Non-1E No

cooler status
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Table 7.5-1 (Sheet 7 of 12)

POST-ACCIDENT MONITORING SYSTEM

LN NS,

A A

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 1/chiller Non-1E No
status
Water-cooled chilled On/Off F3 None None I/pump Non-1E No
waler pump status
Water-cooled chilled  Open/ F3 None None 1/valve Non-1E No
waler valve status Closed
Spent fucl pool 0-1500 F3 None None /pump Non-1E No
pumnp flow gpm
Spent fuel pool 50- F3 None None 1 Non-1E No
temperature 250°F
Spent fuel pool 0-100% D2, F3 Mild Yes 3 1E Yes
water level of span {Note 4)
CMT discharge Open/ D2 Harsh W Wwae B e .. ( Deleted: No
isolation valve status  Closed (Note 7) " | Deleted: Non-
CMT inlet isolation Open/ D2 Harsh Yes I/valve tE Yes "LDeleted: No
valve status Closed {Note 7)
CMT upper water Above/ D2.F2 Harsh Yes Htank 1E Yes
level switch Below
CMT lower water Above/ D2, F2 larsh ~ Yes /tank 1E Yes
level switch Below

e
IRWST injection ~~ Opew/ D2 Harsh s Ve | JE . we. ... .. .- \Deleted:None
isolation valve Closed (Note 7) . ]( Deleted: Non-
(Squib) ) f

{ Deleted: No
IRWST line Open/ D3 None None 1/valve Non-1E No
isolation Closed
valve status (MOV)
ADS: first, Open/ D2 Harsh Yes I/valve 1E 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

Page 138 of 183
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Qualification Number of QDPS
Range/ Type/ Instruments Power Indication
Variable Status Category Environmental Seismic Required Supply (Note 2) Remarks
ADS fourth stage Open/ D2 Harsh wYes o Mhalve | JE s =
valve status Closed iNole 1y
(Non-MOV)
ADS fourth stage Open/ D2 Harsh Yes I/valve 1E Yes
valve status (MOV) Closed (Note 7)
PRHR X inlet Open/ D2 Harsh Yes 1 1E Yes
isolation valve status Closed (Note 7}
PRHR X control Position D2 Harsh e l/ivalve WE
valve status iNute 7)
IRWST gutter Open/ D2 Harsh s
bypass isolation Closed
valve status
Accumulator 100-800 D2 Harsh None t/iank Non-1E No
pressure psig
Accumulator Open/ D3 None None 1/valve Non-1E No
isolation valve status Closed
Accumulator vent Open/ F3 None None I/valve Non-1E No
valve status Closed
Pressurizer spray Open/ F3 None None 1/valve Non-1E No
valve status Closed
Auxiliary spray Open/ b2, F3 Harsh fAKE Voo AE e
line isolation valve Closed (Note 7)
status
Purification stop Open/ D2 Harsh Yes /valve {E No
valve status Closed {Note 11}
Containment Open/ D2 Harsh
recirculation Closed
isolation valve status
{Non-MOV)
Containment Open/ D2 Harsh Yes tivalve 1E Yes
reeirculation Closed (Note 7)

isolation valve status
{MOV)
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Table 7.5-1 (Sheet 9 of 12)

POST-ACCIDENT MONITORING SYSTEM

Revision Number: 0

Page 139 of 183

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 | Non-I1E No

line stop valve status Closed

Boric acid tank 0-100% F3 None Nonc 1 Non-1E No

level

Deminceralized water  Open/ D2 Mild wYes o Mvalve 0 JE X

isolation valve status Closed

Boric acid flow 0-300 F3 None None | Non-1E No
gpm

Makeup blend valve Pasition F3 None None | Non-1E No

status

Makeup flow 0-300 F3 None Nonc 1 Non-1E No
£pm

Makeup pump status On/Off F3 Nonc None 1/pump Non-1E No

Makcup flow Pusition F3 Nonc None 1 Non-1E No

control valve

status

Letdown flow 0-250 F3 None None 1 Non-1E No
gpm

RNS hot leg suction Open/ D2 Harsh Yes 1valve IE Yes

isolation valve Closed (Note 7)

status

RNS flow 0-3000 F3 None None 1/pump Non-1E No
gpm
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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/ Bl F3 Harsh Yes | 1E Yes
suction valve status Closed (Note 7)
RNS discharge to Open/ F3 None None i/valve Non-1E No
IRWST valve status Closed
RNS pump status On/Off F3 None None 1/pump Non-1E No
Reactor vessel head Open/ D2 Harsh s, o Mvalve o JE 0 e e e - { Deieted: None
vent valve status Closed Note 7 S [De|eted; Non-
MCR return air Open/ D2, F3 Mild Yoy o Mvalve | JE o ¥es R { Deleted: No
isolation valve status ~ Closed (Note T} W
: ‘(Deleted: None
MCR toilet exhaust Open/ D2 Mild wYes _ __ Mvale JE 0 Yes ( .
isolation valve status Closed (Note 7 : " N Deleted: Non-
. . . . N ( Deleted: No
MCR supply air Open/ D2, F3 Mild W dE o S
isolation valve status ~ Closed o [ Deleted: None
MCR differential -1"to D2 Mild Yes 2 IE Yes [ Deleted: Non-
pressure e [ Deleted: No
MCR air delivery 0-80 D2 Mild Yes ’ 2 1E Yes ( Deleted: None
flowrate cfm o :
( Deleted: Non-
[ Deleted: No

bl A A A AL A
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Table 7.5-1 (Sheet 11 of 12)

POST-ACCIDENT MONITORING SYSTEM

M N N/

Qualification Number of QDPS
Range/ Type/ Instruments Power Indication
Variable Status Category Environmental Seismic Required Supply (Note 2) Remarks

MCR air delivery Ope’ D2 Mild e Wmalve  9E e e ( Deleted: None
isolation valve status  Closed (Nute 1 T '(Deleted; Non-
Instrument air 0-125 F3 None None 1 Non-tE No L Deleted: No
header pressure psig
Service water flow 0-10,000 F3 Nonc None I/pump Non-1E No

gpm
Service water pump On/Off F3 None None I/pump Non-1E No
status
Service water pump Open/ F3 None None 1/valve Non-1E No
discharge valve Closed
status
Service water pump 50- F3 None None {/pump Non-iE No
discharge 150°F
temperature
Main contro! room Note 5 E3F3 Mild Yes 2 IE No
supply air radiation {Note 9)
Plant vent air flow 0-110% E2 Mild None | Non-1E No

design

flow
Turbine islund vent 10"~ C2EZ Mild None 1 Non-1E No
discharge radiation 10"
Tevel nCvce
Steam generator 10°- c2 Mild None 1 Non-1E No
blowdown discharge 10!
radiation pnCifec
Steam gencrator (DA 2 Mild None 1 Non-1E No
blowdown brine 10!
radiation level pCilec
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Table 7.5-1 is revised as shown below and as described in APP-GW-GLN-118 (TR-118)

Table 7.5-1 (Sheet 9 of 12)

POST-ACCIDENT MONITORING SYSTEM

Number of QDPS
Range/ Type/ Instruments Power Indication
Variable Status Category Qualification Required Supply (Note 2) Remarks
Environmental Seismic

Purification retumn Open/ D2 Harsh None 1 Non-l1E No

line stop valve status Closed

Boric acid tank 0-100% F3 None Nonc I Non-IE No

level

Demincralized water Open/ D2 Mild None 1/valve Non-1E No

1solation valve status Closed

Boric acid flow 0300 F3 None None 1 Non-{E No
gpm 175

Makeup blend valve Position F3 None Nonc 1 Non-1E No

status

Makeup flow 0-300 F3 None * None 1 Non-1E No
gpm L13

Makeup pump status On/Off F3 None Nune 1/pump Non-1E No

Makeup flow Position F3 None Nonc 1 Non-1E No

control valve

status

Letdown flow 0-250 F3 None None i Non-1E No
gpm 120

RNS hot leg suction Open/ D2 Harsh Yes 1/valve IE Yes

isolation valve Closed (Note 7)

status

RNS flow 0-3000 F3 None Nong /pump Non-tE Ne
gpm
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I1.34 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 Jogic subsystems. Input signals are received . - ( Deleted: mieroprocessor-besed )

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, - -

Deleted: impuis-underthecesntrolofa
seftware-based algorithm

Co 'LDeIeted: programmed

executes the Jogic when thresholds are exceeded, and issues actuation commands.

The resulting output signals are passed to the output signal conversion block, whose function is to convert Jogic . (De'eted’ microprocessor )
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, and any software from -~ ( Deleted: differon )
that of the protection and safety monitoring system. " ( Deleted: different )

. . . . . T Deleted: The-diverse-design-uses

of any software is achieved by running different operating systems and programming in different _ - | standard-input modies-designed-&

1tk [T sal vy

languages. : T+ olsousen o mioreprocorsor baord

ot & ;
protection-systerm]
h e
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Manual Actuation Function

[The manual actuation function of the diverse actuation system is implemented by hard-wiring the controls
located in the main control room directly to the final loads in a way that completely bvpasses the normal path
through the control room multiplexers, the protection and safety monitoring system cabinets, and the diverse

actuation system automatic logic J*

The diverse manual functions are:
e Reactor and turbine trip
¢ Passive containment cooling actuation
¢ Core makeup tank actuation and reactor coolant pump trip
e Open stage 1 antomatic depressurization system valves
¢ Open stage 2 automatic depressurization system valves
e Open stage 3 automatic depressurization system valves
¢  Open stage 4 automatic depressurization system valves

e  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

o Initiate in-containment refueling water storage tank injection
o 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:

e Open stage 4 automatic depressurization system valves

o Initiate in-confainment refueling water storage tank injection
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e Initiate containment recirculation

e lnitiate in-confainment 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:

o 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

o Hot leg temperature — for passive residual heat removal actuation

o 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

e 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:

e Wide temperature range of 40° to 120°F
e 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 any 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

I1.1 DESIGN COMPLETION

Table 1.6-1 is revised to correct the references.

1.

Delete the reference to WCAP-13382, which is AP600 specific and described the Eagle product
line.

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

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

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).

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), ML011690170 (Reference 7), and ML0305507760
(Reference 8).

Add the reference to WCAP-16361 which is an AP1000 technical report that has been separately
submitted to the Nuclear Regulatory Commission.

Add the reference to WCAP-16675 which is an AP1000 technical report that has been separately
submitted to the Nuclear Regulatory Commission.

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), ML011690170 (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
71 v .
[WCAP-14605 (P) Westinghouse Setpoint Methodology for Protection Systems - AP600,
WCAP-14606 April 1996]*
WCAP-15775 AP1000 Instrumentation and Control Defense-in-Depth and
Diversity Report, Revision 2, March 2003
WCAL-16096-L2-4 | Software Program Manual for Common Q Systems. Revision 014, |}
Junnarny: 20047* :
LHCAP-16097-L-A | Common Qualified Platform. Revision 01, May 2003}* __
WCAP-16097-NP-A
WCAP-15776 Safety Criteria for the AP1000 Instrumentation and Control
Systems, April 2002
WCAP-16361-P Westinghouse Setpoint Methodology for Protection Systems —
WCAP-1636L-NP AP1000, May 2006
WCAP-16675-P AP1000 Protection and Safety Monitoring System Architccture
WCAP-16675-NP Technical Report, February 2007
7.2 WCAP-16438-P FMEA of AP1000 Protection and Safety Monitoring System,
WCAP-16438-NP Revision 1, June 2006
WCAP-16592-P Software Hazards Analysis of AP1000 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
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WCAP-16097-P-A Common Qualified Platform, Digital Plant Protection System,
WCAP-16097-NP-A Appendix 3, May 2003
73 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-J6097-P-A_(Reference 8) provides for the use of commercial off-the-shelf hardware and __

software 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 7.1-1, provides an illustration of the instrumentation and control architecture for the AP1000
and the plant control system.

Section 7.1.7 is revised to correct Reference 20.

7.1.7 References

Systems,” March 2006.
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I1.3 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 1s 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.
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Section 7.7.1.11 has been revised as follows:

Manual Actuation Function

[The manual actuation function of the diverse actuation system is implemented by hard-wiring the conirols
located in the main control room directly to the final loads in a way that completely bypasses the normal path
through the protection and safety monitoring system cabinets, and the diverse actuation system automatic

logic.]*

I1.7 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 4.
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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 145
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 Tqy S00°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
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Table 15.0-6 (Sheet 3 of 4)

PLANT SYSTEMS AND EQUIPMENT
AVAILABLE FOR TRANSIENT AND ACCIDENT CONDITIONS

Incident

Reactor_‘
Trip
Functions

ESF
Actuation
Functions

ESF and
Other Equipment

Section 15.4 (Cont.)

Uncontrolled RCCA bank
withdrawal at power

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

Pressurizer safety
valves, steam generator
safety valves

RCCA misalignment

Overtemperature AT,
manual

Startup of an inactive
reactor coolant pump at an
incorrect temperature

Power range high flux, low

flow (P8 interlock), ~{

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

Low insertion limit
annunciators

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
operation

manual, “safeguards” trip,
high pressurizer level

low Toq

pressurizer safety
valves, chemical and
volume control system
isolation, PRHR

Chemical and volume
control system malfunction
that increases reactor
coolant inventory

High pressurizer pressure,
“safeguards” trip, high
pressurizer level, manual

High pressurizer level,
low Tco]d

Core makeup tank,
pressurizer safety
valves, chemical and
volume control system
isolation, PRHR
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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 The figure provided in the COLR shows the loci of points of THERMAL
LIMITS POWER, RCS pressure, and gold 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 (AQOs).
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 gold leg
temperature, RCS flow rate, and Al that the reactor core SLs will be
satisfied during steady state operation, normal operational transients, and
AQO:s.
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I1.9 FLUX DOUBLING/BORON DILUTION MODIFICATIONS

See Revision 16 change section I1.9 for description and justification for change.

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

. ______________________________

Table 7.3-2 (Sheet 1 of 4)

INTERLOCKS FOR ENGINEERED SAFETY FEATURES ACTUATION SYSTEM

Designation Derivation Function

above setpoint

P-6 Intermediate range neutron flux channels None

P-6 Intermediate range neutron flux channels Prevents manual block of flux doubling

below setpoint actuation, permitting block of boron dilution

DCD Figure 9.3.6-1 Sheet Revisions

Sheet 1, 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 dilution
events. The valves also close on a safeguards actuation signal coincident with high-1 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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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, valves, tripping the makeup pumps and/or aligning the suction of the makeup Deleted: either one of two

punmips to the boric acid tank., Deleted: . air-operated

Deleted: valves

For dilution events occurring at power (assuming the operator takes no action), a reactor trip is initiated on system to the makeup pump suction

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 Deleted: remotely

pump suction control valve aligns so the makeup pumps take suction from the boric acid tank. Jf the gvent Deleted: When

S
[ Deleted: from the demineralized water

occurs while the makeup pumps are operating, the realignment of these valves causes the makeup pumps, if Deleted: trip

N, N W M e AL

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
{inc to the reactor coolant system by closing the two safety related, motor operated valves, isolate the line

from the demineralized water system by closing the two safety-related, pir-operated valves and tripthe - ( Deleted: remotely

makeup pumps. For refueling operations, administrative controls are used to prevent boron dilutions by . -~ | Deleted: The three-way pump suction
weu FOT TEIUETING OPETAions, adn: Tatty by control valve aligns the makeup pumps o

verifying the valves in the line from the demineralized water system are closed and secured. 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 175 gpm, as assumed in the boron dilution analyses presented in subsection 15.4.6, ___. - - { Deleted: 200
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

e 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 1E dc and uninterrupible, power supply system battery chargers, _ . - (Deleted: a

or a safety injection signal providing a safety-related method of stopping an inadvertent dilution. The ™~ ( Deleted: uninterruptable

main control room and remote shutdown workstation provide manual control for these valves.

e  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, . - Deleted: cither

high-2 pressurizer level, high steam generator level, or a safeguards signal coincident with high-1 =~ - [ Doleted: a

pressurizer level to protect against pressurizer or steam generator overfill. Manual control for these ~°

. o . . " | Deteted: signal
valves is provided in the main control room and at the remote shutdown workstation. In addition, the [ i

M LN

valves close on a high-2 containment radiation signal to protect containment integrity.
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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 1E
dguminterruptible 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 source

generator level signal, a safeguards signal coincident with
high-1 pressurizer level, or high-2 containment radioactivity.

range flux doubling. high-2 pressurizer level, high-2 steam |

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 source
generator level signal, or a safeguards signal coincident with
high-1 pressurizer level.
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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
standby. The operation of these pumps will alternate periodically.

On a source range flux doubling siznal, the PMS automatically closes two safety-
related CVS makeup line isolation valves, closes two safety-related CVS
deruineralized water suction valves to the makeup pumps and 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 safetv-related CVS demineralized water
suction valves to the makeup pumps and aligns the makeup pump suction to the
boric acid fank,

93.63.1&19.15

| 731214

-1 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 1E dc power system battery
chargers.
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ESFAS Instrumentation
i 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 Battery Charger_ . {Deleted: Multiplication

Input Voltage — Low.

. (Deleted: Muttiplication

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,,and o - [ Deleted: below the P-6 interlock

MODES 4, or 5 is derived from source range neutron flow o .. [ Deleted: 3,

increasing at an excessive rate (source range flux doubling). . ((Deteted: fow matiploation

| U | N

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 flux intwoof . {Deleted: flow

the four divisions, demineralized water is jsolated fromthe . (De,eted.

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

See Revision 16 change section I1.12 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)

b . Manual initiation | 4controls 24 controls’ | Nome

. '[Deleted: b. Coincident loop | and

loop 2 Low-2 hot leg level (after delay)

. ( Deleted: 1 per loop

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
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below P-12 .

{ Deleted: Manual unblock permitted

Automatically blocked above P-12

[ Deleted: ¢

|
|
|
)

water storage tank injection and
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IL.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, P4
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:

o Trip the main turbine

Deleted: Permit the block of
° automatic Safeguards Actuation after
o e e s e e e e e e e e e e e e e mm e me e e e e e - - a predetermined t'me interva'
following automatic Safeguards
¢ Block boron dilution Actuation.

18 {. Reactor Trip Breaker Open, P-3

Permit the block of automatic Safeguards Actuation after a
predetermined time interval following 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 anterlock only Function to encrgize or de-energize or open or close
contacts, Therctore, this Function has no adjustable 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 18.f and 18.a). With one required division
inoperéble, 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.
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11.14 ADDITION OF DELAY TIMERS FOR ENABLING THE SOURCE RANGE REACTOR
TRIP AND FLUX DOUBLING SIGNAL

See Revision 16 change section I1.14 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 may be manually blocked and the high voltage source range detector__ .- { Deleted: It

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
controf room.
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I1.15

RT/ESF ACCURACIES AND RESPONSE TIMES CORRECTIONS

See Revision 16 change section II.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 1to 10° c/sec + 30% of span Low
calculation)
Control room supply air 102 t0 107 u Cilec + 50% of setpoint 20
radiation level
Containment radioactivity 10 to 107 R/hr + 50% of setpoint 20
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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 burnup.
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, M1, 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, M1, 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.

-1 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
Revise the fourth paragraph of section 7.7.1.1 as shown: | concentration

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 the M banks and the AO bank in . [Deleted: two gray

a pqsition suitable for the current I?mde of operation.(load follow or base load operatiop),___ - [ Deleted: both black M banks (M1 and
During load follow or load regulation response transients, the power control and the axial M2) in a near fully withdrawn position,
offset control subsystems jointly function to control both core power and axial offset. The the first two moving gray M banks fully

. . . s inserted, and the AQ bank slightly
following two subsections provide a description of each control subsystem. inserted

APP-GW-GLR-080 r0.doc



WESTINGHOUSE ELECTRIC COMPANY LLC
AP1000 Licensing Design Change Document Page 168 of 183

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

Correction to the description of the steam dump control system

Unlike the auctioneered high T,,, signal used in the rod control system, the steam dump T.,, signal does not
provide additional operating margin under normal conditions. The steam dump signal is actnated 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 Tavg 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:

e  The T., mode uses the difference between a_signal selected loop T, and a reference .. - [Deleted: measured auctioneered J

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 T,., mode is used) and
reactor trips (where the plant trip T.., 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.

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 determine 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 . - [ Deleted: have the control system select )
by the rapid power reduction system._Following concurrence, the operator uses a_control
room workstation to implement the suggested changes in the rod control logic cabinet.
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Correction to table 7.3-1 (Sheet 1 of 9)

Revision 16 to the DCD inadvertently removed permissive P-11 from table 7.3-1. P-11 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 penmitted below P-11
Automatically unblocked above P-11

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-11
steam line pressure either steam line | Automatically unblocked above P-11

Can be manually blocked on presence
of P-3
Block automatically removed on
absence of P-3

¢. Low reactor coolant iniet 4/loop 2/4-BYP"' either | Manual block permitied below P-11
temperature (Low T.q4) loop® 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
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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 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 lower portion of the figure includes the plant protection, control, and monitoring functions. At the grightis .

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 1&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:

e  Rod control

e  Pressurizer pressure and level control
e  Steam generator water level control

e  Steam dump (turbine bypass) control
e  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

e  Signal selector algorithms
Operator controls and indication
Real-time data network

Rod control system

Rod position indication

Rod drive motor-generator sets

. | Deleted: Figure 7.1-10 provides an
illustration of the plant control system.{

APP-GW-GLR-080 r0.doc



WESTINGHOUSE ELECTRIC COMPANY LLC
AP1000 Licensing Design Change Document Page 172 of 183

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

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 I1I 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.

-| Deleted: The equipment involved in
. . Lo . i i . . , reactor trip is shown in simplified block
Section 7.1 provides a description of the reactor trip equipment. The equipment involvedis: = -~ diagram form in Figure 7.1-2.

e  Sensors and manual inputs
e  Protection and safety monitoring system cabinets
e  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 . | Deleted: A block diagram of the
, protection and safety monitoring system
COMPONEDES. . e e e o 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
X Qualification Number of QDPS
. Range/ Type/ Instruments Power Indication
Variable Status Category Environmental Seismic Required Supply (Note 2) Remarks
Core exit temperature | 200- BI.C1.F2 Harsh Yes 3/quadrant IE Yes
2300°F
PRHR HX inlet 50- D3 None None i Non-1E No Primary indication
temperature 650°F is RCS Ty
PRHR HX outlet 50- B1.D2 Harsh Yes i 1E Yes Diverse variable to
temperature S00°F PRHR flow
PRHR flow 700- B1, DL F2 Harsh - Yes 2 iE Yes Diverse measure-
3000 ment: PRHR outlet
gpm temperature
IRWST water fevel 0-100% BI. D2 F2 Harsh Yes 3 1E Yes
of span (Note 4)
RCS subcooling 200°F Bl.F2 Harsh Yes 2 1E Yes Diverse measure-
(Note 6) Sub- - ment: Core exit
cooling temperature & wide
to 35°F range RCS pressure
super
heat
Passive containment 0-150 Bt.D2 - Mild Yes 1 1E Yes
cooling water flow gpm (Note ()
PCS storage tank S-100%% BI. D2 Mild Yes 2 IE Yes Diverse measure-
water level of tank ment: PCS flow
height
IRWST surface 30- D3 None None 1 Non-1E No
temperature 300°F
IRWST bottom 50- D3 None None 1 Non-1E No
temperature 300°F
Steam line pressure Od3tn_ | F2 _ Harsh/ | Yes | ¥steam _ | _ IE_ | _No @ |
psig Mild {Note 8) generator
{Note 11}
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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

N A/

Qualification Number of QDPS
Range/ Type/ Instruments Power Indication
Variable Status Category Environmental Seismic Required Supply (Note 2) Remarks

Water-cooled chiller On/ofY F3 None None t/chiller Non-1E No

status

Water-cooled chilled On/Oft F3 None None t/pump Non-1E No

water pump status

Water-cooled chilled Open/ F3 . None None I/valve Non-1E No

water valve status Closed

Spent fuel pool 0-1500 F3 None None 1/pump Non-1E No

pump flow gpm

Spent fuel pool 50- F3 None None t Non-1E No

temperature 250°F

Spent fuel pool 0-100% D2.F3 Mild Yes 3 1E Yes

waler level of span (Note 4)

CMT discharge Open/ D2 Harsh No 1/valve Non-1E No

isolation vulve stats Closed

CMT inlet isolation Open/ D2 Harsh Yes Iivalve 1E Yes

valve status Closed (Note 7)

CMT upper water 5%  Harsh L Yes Vank __ ME_____¥e________________.-{Deleted: 780

level sensor 1% of

N e e o o [ Deleted: 63.5

span

CMT tower water 2% _ D2F2 ____ _Mash _ _ __ _ Yes _ _ _ _ Mank 1E__ ___ YOS L '(Deleted: 30.5

level sensor % of

ove Aihof e e oo (Deletedi 16
span

[RWST injection Open/ D2 tarsh None 1/valve Non-1E No

isolation vatve Closed

{Squib)

IRWST line Open/ D3 None None 1/valve Non-1E No

isolation Closed

valve status (MOV})

ADS: first, Open/ D2 Harsh Yes I/valve 1E Yes

second and Closed . (Note 7)

third stage

valve status
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I1.32 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 1E 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 0of 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 1E 2/charger 2/2 per charger None
battery chargers®™ and 2/4
chargers®
c. Reactor trip (P-4) 1/division 2/4 None
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1133 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-110. 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
Quulification Number of QDPS
Range/ Type/ Instruments Power Indication
Variable Status Category Environmental Seismic Required Supply {Note 2) Remarks

IRWST to RNS Open/ B1,F3 Harsh Yes 1 1E Yes
suction valve status Closed {Note 7)
RNS discharge to Open/ F3 None None Tivalve Non-1E No
IRWST valve status Closed
RNS pump status On/OFff F3 None None I/pump Non-1E No
Reactor vessel head Open/ D2 Harsh Yes tivalve 1E Yes
vent valve status Closed Note 7)
MCR return air Open/ D2 F3 Mild Yes livalve 13 Yes
isolation valve status Closed (Note 7)
MCR toilet exhaust Open/ D2 Mild Yes tvalve 1E Yes
isolation valve status Closed (Note 7)
MCR supply air Open/ DX.F3 Mild Yes frvalve IE Yes
isolation valve status Closed {Note 7)
MCR differcntial -1" to D2 Mild Yes 2 1E Yes
pressure +1"wg
MCR air delivery 0-80 D2 Mild Yes 2 1E Yes
flowrate cfm

i DX Miid Yex i walve 1 You

L
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Table 7.5-7 has been modified as follows:

Page 178 of 183

Revision Number: ¢

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-110 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)
I
' 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 1 Non-1E No
line stop valve status Closed
Boric acid tank 0-100% F3 None None 1 Non-1E Ne
level
Demineralized water Open/ D2 Mild Yes ' I1/valve 1E Yes
isolation valve status Closed {Note 7)
Boric acid flow 0-17s F3 None None 1 Non-1E No
gpm
Makeup blend valve Position F3 None None 1 Non-1E No
status
Makeup flow 0-175 F3 None None | Non-1E No
gpm
Makeup pump status On/OfT F3 None None 1/pump Non-1E No
Makeup flow Position F3 None None 1 Non-1E No
control valve
status
Letdown flow 0-120 F3 None None ! Non-1E No
gpm
RNS hot leg suction Open/ D2 Harsh Yes Iivalve |E Yes
isolauon valve Closcd (Note 7)
status
RNS flow 0-3000 F3 None None 1/pump Non-1E No
gpm
E3 Uarsh livalyg Ne
tosvd
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II1. 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 AP1000 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 affectsa DCD [] YES X 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 [1YES [XINO
DCD described SSC design functions are performed or controlled?

3. Does the proposed activity involve revising or replacing a DCD described evaluation [ ]YES [X]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, CDYEs XINO
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?

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 AP1000 design certification may depart trom 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.

Does the proposed departure result in more than a minimal increase in the frequency of [JYES XINO
occurrence of an accident previously evaluated in the plant-specific DCD?

The subject changes do not introduce a new failure mode in components that would result in an accident
previously evaluated.

Does the proposed departure result in more than a minimal increase in the likelihood of []YEs XINO
occutrence 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.

Does the proposed departure result in more than a minimal increase in the consequences of | L] YES XINO
an accident previously evaluated in the plant-specific DCD?

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.

Does the proposed departure result in more than a minimal increase in the consequences of | [] YES X]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.

Does the proposed departure create a possibility for an accident of a different type than any | [] YES XINO
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.

Does the proposed departure create a possibility for a malfunction of an SSC important to 1 YES XINO
safety with a different result than any evaluated previously in the plant-specific DCD?

The subject changes do not introduce the possibility for a malfunction of an SSC with a different resuit
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 XINO
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 | L] YES XINO
the plant-specific DCD used in establishing the design bases or in the safety analyses?

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.

DX 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

[ 1 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 | L] YES XINO
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. Isthere is a substantial increase in the consequences to the public of a particular severe []YEs XINO
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.

DXI 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

[[] 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 [JYEs XINO
AP1000.

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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