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W Westinghouse Electric Corporation
Nuclear and Advanced Technology Division AP600 PLANT INSTRUMENTATION & CONTROL-

SYSTEMS

AP600 g._. . o_

10-31 91
Program Operating Procedure H. J. Bruschi. D ctor, AP600 Program

AUTHOR / COGNIZANT Contact Manager, Flant Instrumentation and Control Systems
FUNCTION (Pl&CS) on questic is conceming this procedure.

PURPOSE This procedure pr)vides specific requirements, as well as
guidelines, for wo t: done by Pl&CS personnel.

SCOPE This procedure is applicable to the Pl&CS group responsible for the
scope under their cognizance for the AP600 Program. It contains
both mandatory requirements (denoted by the verb shall) as weil as
non-mandatory guidelines (denoted by the verb should).

The work performed by Pl&CS for the AP600 project is categorized
as Man-Machine Interface Systems design. This work includes the
following:

a) Man-Machine Interface Design of Control Rooms and Control
Boards;

b) InstnJmentation and Control (l&C) Design;
c) Control Room /Equipmei c'qn.

The general Pl&CS activities are summarized in Appendix A, titled
"Pl&CS General Work Activities *.

DEFINITIONS I&C Architecture Diagram
A diagram that depicts the l&C architecture. It is a system
block diagram that represents the top level view of the system
and its interconnections.

Instrument Lists
Lists that contain information about the plant process
parameters. This information usually includes channel
numbers, system, type, range, description, safety class,
electrical train, alarms, set points, indicators, recorders, and |

preferred failure states.
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Process Block Diagrams
Diagrams depicting the implementation of the l&C system
functional requirements, functional diagrams, flow diagrams,
channel lists and other key documents, in both hardware and
software. All system protection and control functions are to be
identified in Process Block Diagrams.

Specification Sheets
Sheets created in accordance with ISA-S20 (1981) for
individual instruments, as necessory, and identified by the
design engineer. Note that the Specification Sheets may differ
in format and content from that identified in ISA S20 so long
as sufficient information is provided.

|System Documentation
Documentation that comprehensively describes the design of
the product. The system documentation includes design
specifications that ensure that the end product will meet all of
the established design criteria and functional requirements.

Systems Engineering
The engineering function that organizes and integrates
concepts and technologies into total systems and ensures their
technical integrity.

PROCEDURE
General INTERFACE MANAGEMENT l

IPl&CS shall be responsible for coordinating and integrating AP600
l&C and Man-Machine Interfaces with groups that support the
AP600 organizations. This includes systems provided by others
through the appropriate Westinghouse interface organization.

DOCUMENTATION REVIEW PROCESS

Reviews of the Pl&CS documentation shall be performed by intemal
personnel (within Pl&CS) and/or extemal personnel (non-Pl&CS).
In either case, the personnel reviewing the documentation shall be
approved by the Pl&CS group manager. The review process shall
include, as a minimum, the following elements:

a) Review of document for completeness, accuracy, and
feasibility;

b) Issuance of a Pl&CS letter to file documenting all comments
with distribution to appropriate personnel for resolution;

,

c) Resolution of comments;
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d) Obtaining management decision on unresolved comments;
e) Issuing a letter to file identifying the resolutions and results of 1

the review and distributed to concemed parties. '

SPECIFIC WORK PROCEDURE ELEMENTS !

The following Specific Work Procedure Elements are defined in
Figure 1 and are discussed below in more detail.

I

i

m

v)

;

I

!
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FIGURE 1
AP600 FLOW CHART FOR Pl&CS ENGINEERING WORK
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1. Definition of an Engineering Plan
|

An Engineering Plan that details the scope of the work should |
be established at the discretion of the AP600 Pl&CS Manager. |;

This plan is to be developed by the responsible engineer and-

approved by the AP600 Pl&CS Manager. Several of the
inputs listed under typical inputs of the Review Inputs section

,

below will be necessary to perform these tasks. The1

Engineering Plan should take into account the following:
I

a) Work Objectives
b) Required inputs
c) Commitments / Milestones
d) Required Outputs
e) Schedule
f) Funding / Resource Requirements'

g) Supporting Organizations / Groups
; h) Time Phased Manpower Distribution

2. Review Inputs-

;

i Based on the required work to be done, the inputs shall be |O checked for completeness, accuracy, and feasibility. The i

C' inputs shall be reviewed in accordance with the documentation i,

review process detailed in this procedure to assure that:

I a) All necessary information has been supplied;
b) Requirements are accurate and complete;
c) Implementation is feasible.

The input inform & tion required to define an Engineering Plan
and perform the engineering work should typically address the )
following items

!

a) Goals of the system and desired outcomes of the work to
|

be performed; 1

b) The date when the work is required to be completed; |
c) Interfaces with other systems and the nature of those !

interfaces; J
d) Requirements on system inputs and outputs
e) Applicable govemment regulations and industry codes i

and standards;

f) Dimension and configuration envelope constraints such as I

size, orientation, location;
1g) Environmental and power source envelopes or

constraints; |

O h) Requirements related to access control, redundancy, I

independence, identification and test capability;
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i) System classification and applicable quality assurance, i

reliability goals, verification and validation;
j) Environmental qualification requirements based on its

classification.

The typical inputs include the following:
1

a) System Specification Documents, particularly the following |

portions: Interlock Sheets, Channel Lists, and Load Lists; |
b) Protection Functional Requirements-
c) Control Functional Requirements; j

d) Protection Functional Diagrams; ;
!e) Control Functional Diagramr;

f) Engineering Flow Diagrams and P&lDs (Reference
AP 3.15);

g) Customer (e.g. contract) R61uirements; 1

|h) Subcontractor Requirements;
i) Govemment Regulations and Industry Q) des and

Standards.

3. Produce System Documentation
,

The system documentation shall be produced as required and
shall be reviewed and approved by a second engineer. |

Figure 2, titled 'l&C Design Process" shows the typical output
documents produced by Pl&CS, as well as the inputs that are
required. The processes that produce the outputs given the
inputs compose the Pl&CS Transformation Matrix. These |

processes consist of dynamic tasks and differ for the various
outputs produced. ;

1

Figure 3, titled "Pl&CS Information Transformation Matrix' j

further relates the information that is required as inputs to
produce the Pl&CS outputs. The output documentation
normally includes the following:

I&C Architecture Diagram (see Appendix C)-

Process Block Diagrams (or equivalent) (see Appendix C)-

Equipment (Instrument) Lists-

Logic Diagrams (see Appendix C)-

Design Specifications-

I&C Databases-

Standard Safety Analysis Report input-

O
'
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System Specification Documents (SSDs)-

SSDs shall be prepared in accordance with procedure
AP 3.1. However, when preparing Pl&CS SSDs, the
breakdown of each section defined by AP-3.1 shall be
done in an equivalent sub-category format identified in
Appendix B.

Specification Sheets-

Created in accordance with ISA S20 (1981 titled
" Specification Forms for Process Measurement and
Control InstnJments, Primary Elements and Control
Valves") for individual instruments, as necessary, and
identified by the design engineer. Note that the
Specification Sheets may differ in format and content
from that identified in ISA-S20 so long as sufficient
information is provided. The Specification Sheets
shall be reviewed and approved by a Pl&CS
engineer. Typical equipment requiring Specification
Sheets are field mounted instruments and control
board instruments. Specification Sheets are not
normally required for microprocessor based cabinet
mounted equipment or for standardized systems.

4. Verification of Work

The designer shall identify and justify the appropriate type of )
verification to be used on his work and obtain wntten l
management approval. The choice of verification type will be
documented and stored in the AP600 file. The types of
verification are as follows:

a) Design Verification by Design Reviews in accordance with
AP-3.5;

b) Design Verification by Independent Review /Altemate
Calculations in accordance with WCAP-9565, DP-3.3.2;

c) Design Verification by Testing in accordance with
WCAP 9565, DP-3.3.3; |

d) Design Specifications in accordance with AP-3.8. ;

1
'

5. Procurement and Manufacturing Follow

The procedures defined in section DP-7.0, titled " Control of
Purchased items and Services" in WCAP 9565 shall be
followed when performing this work. However, Pl&CS shall be
responsible for the following:

/D a) Providing the Purchase Requisition;
b b) Evaluating the technical capabilities of suppliers;
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c) Recommending acceptable suppliers;
d) Reviewing procurement documents;
e) Providing Purchase Requisition Change Notices;
f) Reviewing supplier documents and approving as required;
g) Evaluating and approving proposed deviations from

specifications by the supplier.

6. Acceptance Testing from Manufacturer

Pl&CS shall be responsible for providing the following:

a) Test requirements;
b) Review and approval of the test procedures;
c) Review and approval of the test results.

RESPONSIBILITY ACTION

AP600 Pl&CS Manager Responsible for administering this procedure, defining and issuing
standards to third parties (other Westinghouse organizations,
contractors, suppliers) for any information that will be required to be
provided by a third party.

Ensures that allinterfacing organizations are apprised of key design
changes and identifies if Interface Control Documents need to be
issued.

Reviews and approves the Engineering Plan.
~

Reviews, approves, signs-off the design documentation produced by
the Pl&CS group, ensures that it is verified, and that appropriate

: personnel within or extemal to Pl&CS are appointed to review
documentation in accordance with the Documentation Review
Process of this procedure.

Design Engineer Prepares an Engineering Plan

Responsible for performing the responsibilities outlined in
WCAP-9565, procedures DP-3.3.2 and DP 3.3.3.

.

Ensures that the Design Specifications are prepared in accordance
with AP 3.8. j

Ensures that the System Specification Documents are prepared in i

accordance with the format outlined in AP-3.1 and develop a
sub-category of each section equivalent to the sample identified in |
Appendix B.
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Ensures that any interface Control Documents are prepared in
accordance with AP 3.7. j

|Ensures that all final signed off documentation is maintained in the
appropriate engineering files and that a copy is sent to the AP600 i

Central File.

REFERENCES A. WCAP-12601, AP600 Program Operating Procedures i

AP-3.1, System Specification Document j
AP 3.5, Design Reviews
AP-3.7, interface Control Document
AP-3.8, Design Specifications
AP-3.15, System P&lD Preparation

B. WCAP 9565, NATD Quality Assurance Program Plan

DP-3.3.2, Design Verification by independent Review or
Altemate Calculations

DP-3.3.3, Design Verification by Testing

C. ISA-S20 (1981), Specification Forms for Process Measurement
and Control Instruments, Primary Elements and Control Valves

FORMS / EXHIBITS None

APPENDICES A. Pl&CS General Work Activities
B. SSD Section Breakdown
C. Typical Diagrams (Architecture, Process and Logic)
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APPENDIX A

Pl&CS PENERAL WORK ACTIVITIES

This appendix is included as a training aid for employees new to Pl&CS.

The general Pl&CS activities are depicted in Figure 1, titled "AP600 Flow Chart For Pl&CS
Engineering Work" and are detailed in this procedure.

The work can encompass the total Systems Engineering function or any portion thereof.
Figure 2, titled "I&C Design Process' shows the typical inputs and outputs that are used
and/or generated by Pl&CS.

Figure 3, titled "Pl&CS Transformation Matrix" shows the relationships between the inputs
required and outputs generated by Pl&CS.

The functions of Pl&CS include the following:

Development of the I&C design criteria and requirements reflecting the requesting*

group's needs and in compliance with the applicable govemment regulations and
industry requirements;

Providing operating hardware or rendering engineering services in an effective and*

efficient manner,

Comparing the final product (s) to input requirements to demonstrate conformance.*
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APPENDIX B

Pl&CS SYSTEM SPECIFICATION DOCUMENT

TABLE OF CONTENTS

SECTION TITLE PAGE
.

1

1.0 SYSTEM FUNCTION 1.1

1.1 Summary 1.1
,

1.2 System Function 1.1

2.0 SYSTEM DESIGN CRITERIA & OBJECTIVES 2.1

2.1 System Performance Requirements 2.1

2.2 System Operation Requirements 2.9
2.3 System Structural Requirements 2.11 !

2.4 System Configuration and Essential 2.13
Features Requirements

( ,/) 2.5 System Maintenance, Testing, & 2.43
s_ Diagnostic Requirements

2.6 System Surveillance /In Service 2.52
Inspection Requirements

2.7 System Power Source, instnJmentation 2.53
and Control Requirements

2.8 Interfacing System Requirements 2.54
2.9 System Quality Assurance Requirements 2.55
2.10 Applicable Documents Requirements 2.60 !

2.11 System Reliability Requirements 2.61 |
2.12 System Availability Requirements 2.63 |

2.13 System Human Factors Requirements 2.65
2.14 Plant and System Transient Requirements 2.67

3.0 SYSTEM DESIGN DESCRIPTION & DESIGN DATA 3.1

3.1 System Configuration Description 3.2

3.1.1 General Protection Subsystem Configuration 3.2
3.1.2 Integrated Protection System Subsystems 3.8
3.1.3 Engineered Safety Features Actuation 3.19

Cabinets Subsystems
3.1.4 Distributed Logic 3.22
3.1.5 Reactor Trip Switchgear 3.26
3.1.6 Qualified Data Processing Cabinets 3.26
3.1.7 Protection Multiplexer Cabinets 3.27
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TABLE OF CONTENTS !
.

|

| l

) SECTION TITLE PAGE

4.0 SYSTEM OPERATION AND PERFORMANCE 4.1.

4.1 System Start-up 4.1
4.2 Normal Operation 4.2
4.3 Abnormal Operation 4.3>

5.0 COMPONENT REQUIREMENTS AND PARAMETERS 5.1
|

: 5.1 Equipment Requirements 5.1
!
'

5.1.1 Equipment Performance Requirements 5.1
5.1.2 Equipment Operation Requirements 5.9;

5.1.3 Equipment Structural Requirements 5.10
5.1.4 Equipment Configuration & Essential 5.11

Features Requirements
,

5.1.5 Equipment Maintenance, Testing, & 5.29 '

Diagnostic Requirements
; 5.1.6 Equipment Surveillance /In Service 5.32

Inspection Requirements -

4

) 5.1.7 Equipment Power Source, InstnJmentation 5.33 1
I4 and Control Requirements

5.1.8 Interfacing Equipment Requirements 5.42;

; 5.1.9 Equ:pment Quality Assurance Requirements 5.43
i 5.1.10 Applicable Documents Requirements 5.48

5.1.11 Equipment Reliability Requirements 5.484

; 5.1.12 Equipment Availability Requirements 5.48
; 5.1.13 Equipment Human Factors Requirements 5.49

5.1.14 Not Used

5.2 Equipment Description (Later)4

a

: 5.2.1 Integrated Protection Cabinets (Later)
'

5.2.2 Engineered Safety Features Cabinets (Later)
5.2.3 Protection Logic Cabinets (Later)
5.2.4 Protection Multiplexer Cabinets (Later)
5.2.5 Qualified Data Processing Cabinets (Later)*

5.2.6 Protection Remote input / Output Cabinets (I ater)
5.2.7 Reserved (later)
5.2.8 Reactor Trip Switchgear (Later)
5.2.9 Sensors (Later)

6.0 SYSTEM LAYOUT REQUIREMENTS 6.1
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) TABLE OF CONTENTS

4

SECTION TITLE PAGE
]

7.0 INSTRUMENT AND CONTROL REQUIREMENTS (Not Used)

8.0 SUPPORT SYSTEM REQUIREMENTS 8.1

| 9.0 MONITORING, TESTING AND MAINTENANCE (Later)

: 10.0 ENVIRONMENTAL REQUIREMENTS 10.1

i
| 11.0 SUMMARY OF COMPLIANCE WITH EXTERNAL 11.1

i CRITERIA

i 12.0 REFERENCES 12.1

i

i 12.1 Correspondence 12.1

| 12.2 Technical Reports 12.1

j 12.3 Drawings and Specifications 12.1

i 12.4 Vendor Documents 12.1

12.5 Calculations 12.1

LIST OF FIGURES
:

; LIST OF TABLES
|
! LIST OF ACRONYMS
!

i
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O
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APPENDIX C |

TYPICAL ARCHITECTURE DIAGRAM
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APPENDIX C

TYPICAL PROCESS BLOCK DIAGRAM
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APPENDIX C

TYPICAL PROCESS BLOCK DIAGRAM
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APPENDIX C

TYP! CAL PROCESS BLOCK DIAGRAM
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APPENDIX C

TYPICAL LOGIC DIAGRAM
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