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1. Introduction
This document defines the basic plan for implementation of the Quality Assurance (QA)
requirements for the FPGA-Based PRM System Qualification Project. The documented
QA requirements shall be applied to all activities of this project which include planning,
designing, procurement, inspection, and test performed by Toshiba Nuclear Energy
Division NED).

The FPGA- Based PRM System Qualification Project shall include a qualification of the
FPGA-based unit in accordance with EPRI TR-107330, which describes generic
requirements for qualification of programmable logic controllers for use in US nuclear
power plants. NED has opted to use the process described in this EPRI TR to qualify
FPGA-based equipment. This project shall be carried out in accordance with the
applicable documents specified in Section 2 of this Project Quality Assurance Manual
(PQAM). This qualification project will be performed according to the NED 10CFR50
Appendix B QA Program, which is described in Reference 5. This PQAM identifies the
QA-related activities to be performed in the qualification project, and includes references
to the applicable sections of the NED QA program. In addition, this PQAM identifies
additional project-specific QA requirements that will be implemented.

2. Applicable Documents
1. USNRC Regulation 10CFR50 appendix B
2. ASME NQA-1 1989 Edition with 1a-1989, 1b-1991 and 1¢-1992 Addenda
3. Regulatory Guides which are applied in this project
4. EPRI TR-107330, “Generic Requirements Specification for Qualifying a Commercially
Available PLC for Safety-Related Applications in Nuclear Power Plants”, dated
December, 1996
5. “Nuclear Energy QA Program Description” (4401-4)
(hereinafter referred to as “QAPD”)
6. “Quality Assurance Manual for Safety-Related Items and Services” (4401-5)
(hereinafter referred to as “NED QA Manual”)
. FPG-PRD-A11-0001, "Project Plan”
. FPG-PRD-A11-0005, ” Project Document Control Procedure for US NRC Document
Submittal” '
9. FPGA-PRD-A11-0006, “Project Definition”

o

3. Definitions, Abbreviations & Acronyms
1. Definitions
(1) Quality Assurance (QA)
All those planned and systematic actions necessary to provide adequate confidence
that a structure, system, or component will perform satisfactorily in service.
(2) Quality Control (QC)
Operational techniques and activities that are used to fulfill requirements for quality.
Quality Control involves operational techniques and activities aimed both at
monitoring a process and at eliminating causes of unsatisfactory performance in
order to achieve economic effectiveness.
(3) Software Verification and Validation (V&V)
(a) Verification consists of activities performed on the results of each development
phase to ensure that the phase was completed appropriately and correctly.
Satisfactory verification should be indicated by the Independent Reviewer’s
signature on the document being verified.
(b) Validation is performed on the final product of the code implementation and

TOSHIBA CORPORATION NED 4/39
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integration phase. Validation is used to ensure that the final product satisfies user
requirements. Validation is performed as defined in test procedures which include
a description of how adherence to each requirement will be demonstrated.

(4) Critical Digital Review (CDR)
Critical Digital Review (CDR) is a technical review of the software development
process. CDR is a tool that can be used in the supplier selection and evaluation
process (as part of Commercial Grade Dedication activities).

(5) Commercial Grade Dedication (CGD)
When applied to nuclear power plants licensed pursuant to 10 CFR Part 30, 40, 50,
60, dedication is an acceptance process undertaken to provide reasonable assurance
that a commercial grade item to be used as a basic component will perform its
intended safety function and, in this respect, is deemed equivalent to an item
designed and manufactured under a 10 CFR Part 50, appendix B, quality assurance

program.
(6) Inspection

Activity such as measuring, examining, testing or gauging one or more
characteristics of a product, an activity or a process, or a combination thereof and
determining whether the results are in conformity with specified requirements in
order to establish whether conformity is achieved for each characteristic.

(7) Testing

An element of verification for the determination of the capability of an item to meet
specified requirements by subjecting the item to a set of physical, chemical,
environmental, or operating conditions.

(8) Nonconformance
A deficiency in characteristic, documentation, or procedure that renders the quality
of an item or activity unacceptable or indeterminate.
The definition covers the departure or absence of one or more quality characteristics,
or quality system elements from specified requirements.

(9) Corrective action
Measures taken to rectify conditions adverse to quality and, where necessary, to
preclude repetition. -

2. Abbreviations & Acronyms

APRM: Average Power Range Monitor

CDR: Critical Digital Review

CGD: Commercial Grade Dedication

CGI: Commercial Grade Item

CGS: Commercial Grade Sexvice

CTM: Compliance and Traceability Matrix

ERS: Equipment Requirement Specification

FMEA: Failure Modes and Effects Analysis

FPGA: Field Programmable Gate Array (a programmable logic device).

Fuchu Complex:

Power System Products Segment of Fuchu Complex

1&C: Instrumentation and Control

IBD: Interlock Block Diagram

ICDD: Control & Electrical Systems Design & Engineering Department
IED: Instrument Engineering Diagram

PSNE: Toshiba Corporation, Power Systems Company, Nuclear Energy
LPRM: Local Power Range Monitor

MCL: Master Configuration List

MTP: Master Test Plan

NED: Nuclear Energy Division

NICSD: Nuclear Instrumentation & Control Systems Department, Fuchu IP
NQAD: Nuclear Quality Assurance Dept.

TOSHIBA CORPORATION NED
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NRW-FPGA: Non-Rewritable FPGA. A type of FPGA that cannot be rewritten
after the logic is implemented on it.

NUPDM?2 : Nuclear Plant Product Data Management Systemn Version 2

OsS: Operating System

OPRM: Oscillation Power Range Monitor

PCDL: Project Controlled Documents List

PHA: Preliminary Hazard Analysis Report

PLC: Programmable Logic Controller

PPED: Plan Project Engineering Department

PQA: Project QA Group

PQAM: Project QA Manual

PRM: Power Range Monitor

QA: Qualify Assurance

QAPD: Nuclear Energy Quality Assurance Program Description

QC: Qualify Control

QVL: Qualified Vendor List

RBM: Rod Block Monitor

RTM: Requirement Traceability Matrix

SDD: System Design Description

SER: Safety Evaluation Report

SIL: Software Integrity Level

SQAP: Software QA Plan ,

SSC: System, Structure and Component

TE: Technology Executive, Nuclear Energy

TU: Trip Unit. Trip Unit consists of Trip Modules and Calibration
Modules.

UFSAR: Updated FSAR

VHDL: Very High Speed Integrated Circuit Hardware Definition Language.
A hardware description language which defines FPGA circuit.

VP: Vice President, Power Systems Company

V&V Verification and Validation

WRNM: Wide Range Neutron Monitor

4. Organization
Responsibility and authority of organizations involved in this project are defined in the
Nuclear Energy QA Program Description (QAPD). This section describes the
organizations particular for this project and defines the responsibilities and authorities
of the organizations performing safety-related activities in NED.
Fig. 4-1 shows the organizational structure of this project, and each of the following
descriptions shows the responsibilities and authorities of personnel and organizations.

‘ 4.1 Vice President, Power Systems Company _
Vice President, Power Systems Company (hereinafter “VP”) maintains the overall
responsibility for Safety-Related activities performed in accordance with paragraph 2.2
of QAPD.

4.2 Technology Executive
Technology Executive, Nuclear Energy (hereinafter referred to as “TE”), acting on
’ behalf of VP, shall be responsible for the performance of technical and QA activities for
products for which NED is responsible. The TE reports to the VP on the QA
performance within the scope of his responsibility which is defined by paragraph 2.2 of
QAPD.

TOSHIBA CORPORATION NED. 6/39
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4.3 Quality Assurance Dept NQAD)

Fig. 4-2 illustrates the organizational structure of Quality Assurance Dept. NED
(hereinafter referred to as “NQAD”). NQAD is established as the key organization
which has sufficient authority, access to work areas, and organizational freedom
including sufficient independence from cost and scheduile considerations, and which has
been assigned the function defined by paragraph 2.2 and 2.2.1(1) of QAPD.

Specific activities of NQAD for this project are as follows:

TABLE 4.3
Activity NQAD Responsibilities
Tasks to be Performed |e Performing or arranging audits and other activities
Throughout the Project as described in Section 19 of this PQAM
° Monitoring of 10 CFR Part 21 reporting activity '
Preparation of Project . Establish PQAM

QA/QC Planning which includes identifying QA/QC
documents to be established

Development of System

Requirements

None

Procurement of CG Items and
Services

Commercial Grade Survey of Fuchu Complex and
Fuchu Complex’s supplier when needed

Establish QA Specification for procurement of CG
Itéms and Services

] Perform the system integration testing
° Establish the system integration test reports
° Establish acceptance checklist

Software Qualification . None

Qualification Testing . Performing or arranging audit of [ _ ]
] Perform the testing
° Establish the test reports

Qualification Analysis . None

gstablishment of Topical | e Providing QA Program Description

eport

TOSHIBA CORPDRATION NED
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4.4 Plant Project Engineering Dept (PPED)

Fig. 4-3 illustrates the organizational structure of the Plant Project Engineering Dept.,

NED (hereinafter referred to as “PPED”),

by paragraph 2.2.1(3) of QAPD.

Specific activities of PPED for this project are as follows:

TABLE 4.4
Activity PPED Responsibilities
Tasks to be Performed | e Preparation of the Master Engineering Schedule
Throughout the Project * Liaison with NRC

Preparation of Project

Establish Scope of Eungineering and Design
including Responsibilities for Organization
Establish Applicable Unit

Preparation of the Project Control Document List

Development of System | e None
Reguirements

Procurement of CG Items and | e None
Services

Software Qualification . None
Qualification Testing . None
Qualification Analysis . None
Establishment of Topical | e None
Report.

4.5 Control & Electrical Systems Design & Engineering Dept. ICDD)
Fig. 4-4 illustrates the organizational structure of the Control & Electrical Systems

Design & Engineering Dept., NED (hereinafter referred to as “ICDD”). The ICDD is
assigned the function which is defined by the paragraph 2.2.1 (10) of QAPD.

Specific activities of ICDD for this project are as follows:

TABLE 4.5
Activity ICDD System Design Responsibilities
Tasks to be Performed |e Perform System level Design and Engineering
Throughout the Project , .
Preparation of Project . Design Planning which includes identification of
' Design documents to be established
Devel‘opment of System | e Determine the Software Integrity Level (SIL)
Requirements e  Establish SQAP, V&V Plan and PHA
° Establish Equipment Requirements
) Establish Qualification Plan
o Establish Preliminary Technical Evaluation Report
. Establish Test Plan
) Establish Configuration Management Plan
. Establish Master Configuration List (MCL)

TOSHIBA CORPORATION NED
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TABLE 4.5

Activity

ICDD System Design Responsibilities

Procurement of CG Iiems | o
and Services

Establish Procurement Plan ~
Establish  Acceptance Plan and Procurement
Specification

Establish System Integration Test Plan

Establish System Integration Test Procedures

Issue Job Order to Fuchu Complex

Accept CG Items and CG Services (CGS)

Software Qualification

® o | > o o

Performing or arranging CDR of NICSD and ACTEL
Establish RTM Report and Updated PHA for each
phase

Perform V&V activities of NED and control V&V
activities of Fuchu Complex (Note-1)

Establish Software Qualification Report

' Qualification Testing

Establish Master Test Plan (MTP)
Establish receipt inspection procedures
Establish qualification test procedures
Evaluate Qualification Test Report

Qualification Analysis

Establish Analysis Report

Establishment of Topical
| Report

Establish Topical Report

(Note-1)

This project involves V&V activities that require indepen‘dence of V&V personnel from
design personnel. In this project, the required level of independence for V&V activities
will be achieved by the personnel designated by the Senior Manager of this Department.

4.6 Sourcing Dept. (SOD)

Fig. 4-5 illustrates the organizational structure of the Sourcing Dept., NED. The
Sourcing Dept. is assigned the function defined by paragraph 2.2.1 (6) of NED QAPD.

4.7 Toshiba organization other than PSNE
(1) Toshiba International Corporation
Toshiba International Corporation (TIC) has responsibility for transmitting the copy to

NRC.

(2) Power System Products Segment of Fuchu Complex

For this project, NED purchases the FPGA-based unit from Toshiba Power System

Products Segment of Fuchu Complex (Fuchu Complex) as a commercial vendor. NED

performs or arranges the CG Survey of FuchuComplex and CDR of Nuclear

Instrumentation & Control Systems Department (NICSD) in Fuchu Complex to evaluate

their capability prior to starting their tasks. NED requires the following activities for

Fuchu Complex including related sections using the Job Oxder:

o Providing modules and units as commercial grade items in accordance with its ISO
QA Manual [FQS-E107-4] and special requirements provided in the Job Order from
NED.

» Providing assembly activities before performing system integration as commercial
grade services in accordance with its ISO QA Manual [FQS-E107-4] and special
requirements provided in the Job Order from NED.

TOSHIBA CORPORATION NED 9/39
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4.8 The Vendor (Wyle Laboratories)
:Ja'chas responsibility for controlling and maintaining the qualification test
equipments in accordance with its Appendix B QA program, procedures, and special
requirements provided in the purchase order from NED.

5. QA Program
5.1 Quality system documents

The NED QA Program is established, documented, and implemented in compliance with
all applicable Regulatory requirements, Codes and Standards including 10CFR50,
Appendix B. The NED QA Program applies to all activities affecting quality for NED
supplied systems, services, and components classified as “safety-related”. These
activities include the qualification project. Additionally, the QA Program applies to not
only those quality elements of the NED, but also quality elements of outside
organizations for which NED retains responsibility, such as vendors. This program
consists of a current QAPD [4401-4] and related NED Procedures.

Vendors shall perform their work in accordance with their approved quality programs
unless otherwise defined in their purchase order or NED-approved quality plan. Survey
and audits of the vendor quality process will be performed and verified for conformance
to the requirements established in NED procedures, plans and purchase specifications.

5.2 Indoctrination, Training, and Qualification of Personnel

All NED activities shall be performed by personnel who are indoctrinated and trained in
accordance with QAPD. Indoctrination and training shall be performed and
documented as required in paragraph 3.4 of QAPD.

6. Design Control
Design control activities are performed in accordance with chapter 4 of QAPD. Specific
design activities performed as part of this project as follows:

6.1 Software Control
Software controls for this project shall meet the requirements of the NED procedure

" AS-200A128 [Software Life Cycle Procedure] and the requirement of Section 8.0 of EPRI
TR-107330. These include controls on software development and maintenance.
Specific controls shall be described in a Software Quality Assurance Plan (SQAP) for this
project. The SQAP shall be prepared by the Engineering/Design Group in accordance
with the NED procedure AS-200A129 [Software Development Procedure].

NED Procedure AS-200A131 [Digital System Configuration Management Procedure]
describes NED's process for configuration management of digital systems. This
procedure shall be applied for this project. As indicated by the procedure, a
Project-Specific Configuration Management Plan (CM Plan) shall be established for this
project. The CM Plan shall be prepared by the Engineering/Design Group. These
controls are applicable to NRW FPGA-based system software/firmware, software tools
used in manufacture, application programming, and test software for the application.
This CM Plan may be included in the SQAP.

The Configuration Management procedure requirements include the following:
+ Establishument of the baseline configuration of the qualified equipment. This is a
requirement of Paragraph 4.7.8.1 of EPRI TR-107330.

TOSHIBA CORPORATION NED 10/39



TOSHIBA

Project QA Plan FPG-PLN-A70-0001 Rev.2

» Maintenance of records for revision history and changes. This is a requirement of
Paragraph 4.7.8.1 of EPRI TR-107330.

Since much of the software/hardware life cycle activities for this project will be
performed by Fuchu Complex as a commercial vendor in accordance with Fuchu
Complex QA Manual [FQS-E107-4], NED will review the Fuchu Complex process for
configuration management for comparison to the NED requirements in Procedure
AS-200A131. Where necessary, NED shall add additional requirements to Fuchu
Complex, via the Job Order Sheet and related technical documents or QA specification,
to ensure that all NED configuration management requirements will be satisfied.

The Software Integrity Level (SIL) shall be determined at the beginning of the project in
accordance with NED procedure AS-200A129 [Software Development Procedure]. The
SIL shall be documented in the SQAP.

All NRW FPGA-based system components that include firmware or other programmed
information (e.g., programmable gate arrays) will be marked with an identifier that
includes revision number in accordance with NED procedure AS-200A131. This is a
requirement of EPRI TR-107330 Section 4.4.5.2.E.

6.2 Hardware Configuration ,
Measures of the Hardware Configuration Management shall be contained within the
SQAP in accordance with requirements of EPRI TR-107330 Section 7.7.2.

6.3 Commercial Grade Dedication (CGD)

Because Fuchu Complex has just ISO9001-based QA Program as the Fuchu Complex QA
Manual [FQS-E107-4], NED shall use Fuchu Complex as a commercial vendor.
Therefore, the procurement process for the Test Specimen and Equipment is controlled
under CGD process as specified by procedures such as the Procedure for Commenrcial
Grade Items and Services (AS-200A110). The process is in accordance with requirements
specified by EPRI TR-106439 and EPRI NP-5652.

As CGD process, NED shall perform a preliminary technical evaluation to identify
Critical Characteristics for Design. Then, NED shall prepare the Acceptance Plan for the
procurement which identifies critical characteristics, acceptance criteria and methods of
acceptance for the procurement. The acceptance methods identified in the Acceptance
Plan are reflected in a technical specification and a QA specification as part of Job
Order.

Moreover, NED performs a CG Survey of Fuchu Complex, and CDR of NICSD in Fuchu
Complex (see Section 6.4), to accept Fuchu Complex as a supplier of commercial grade
items/services which are satisfied NED requirements. Based on the result of the CG
Survey and CDR, NED may perform the CG Survey or CDR to subtier-supplier of Fuchu
Complex, as deemed necessary.

TOSHIBA CORPORATION NED 11/39
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6.4 Critical Digital Review

This review of NICSD and ACTEL shall be performed or arranged by NED as an

Appendix B activity. The review shall include the following:

-» The vendor practices and procedures for software and digital system development.

+ The vendor practices for V&V.

» The vendor definition of organization and responsibilities.

» The vendor methods of configuration identification, control, status and audits

« The vendor practices to ensure sub-tier suppliers maintain comparable levels of
- configuration management.

« The vendor practices for design revision control.

» The vendor methods of identification of each constituent component within the

modules.
» The vendor practices for document control.

Based on the survey or the review, NED may deternnne that special requirements are
needed to control Fuchu Complex. If needed, NED will add special requirements to the
NED pracurement specification to Fuchu Complex to ensure that Fuchu Complex work
meets NED’s needs. :

7. Procurement Document Control
Procurement document control activities are performed in accordance with chapter 5 of
QAPD. In this project, structure of the procurement documents is as follows:

TABLE 7

Strueture of the procurement documents Responsible Dept.
Job Order-Sheet to Fuchu Complex ICDD
Procurement (Technical) Specification to Fuchu Complex 1CDD
QA Specification to Fuchu Complex NQAD
Equipment Requirement Spemﬁcatlon of FPGA for Power ICDD
" | Range Monitor Units ,

Software QA Plan B S 1CDD
Qualification Plan ) 1. ICDD |
Master Configuration List 1CDD
Master Test Plan ) ICDD
Purchase Order Sheet ) X SOD
Procurement (Technical) Specification to l [~ ICDD

Specification to| | ’ ___NQAD

8. Document Control
Document control activities are performed in accordance with the chapter 7 of QAPD
and Project Document Control Procedure for US NRC. Document Submittal
[FPG-PRD-A11-0005).
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9. Control of Purchased Material, Equipment, and Services
Control of purchased material, equipment, and services is performed in accordance with
chapter 8 of QAPD. NED shall procure and dedicate units and modules as commercial
grade items from Fuchu Complex in accordance with NED procedure AS-200A110. The
requirements of 10 CFR 50 Appendix B apply to this activity, as required by EPRI
TR-107330 Section 7.2.A.

NED shall perform source verification at the vendor’s facility to check for completeness
and compliance with the applicable technical/QA requirements. Scope of witness and
hold points is defined in the QA Specification. Furthermore, NED may require
performing the witness and arrange the holding points at the subtier-supplier of Fuchu
Complex in accordance with the specified critical characteristics.

NED may procure not only assembly services for assembling the units and modules into
the test system but also services of packaging and shipping as commercial grade services
using commercial vendor in accordance with NED procedure AS-200A110.

Supporting services of qualification test shall be provided by an approved vendor with a
QA program meeting the requirements of 10 CFR 50, Appendix B. NED has the
responsibility of accepting the test vendor and placing the vendor on the NED Qualified
Vendor List for qualification testing services.

10. Identification and Control of Materials, Parts and Components

Identification and control of materials, parts and components activities are performed in
accordance with chapter 9 of QAPD.

11. Special Process
The following activities are unique to this project as special process. NED shall require
that these activities be performed by the vendor using the purchase order.

All personnel who perform solder work in this project shall be indoctrinated and trained
in accordance with each vendor program and be qualified as solderer of automatic
soldering machine or hand soldering. No persons except the authorized personnel may
perform solder work.

12. Inspection
Inspection activities are performed in accordance with chapter 11 of the QAPD. Specific
inspection activities that will be performed in this project are as follows:

12.1 In-Process Witness Inspection
NED performs in-process witness inspection (where necessary) as defined in the
Acceptance Plan and the Job Order to verify that the critical characteristics requiring
source surveillance and/or special testing are satisfied.

12.2 Acceptance Inspection
NED shall perform the acceptance inspection following the requirements of Acceptance
Procedure for Commercial Grade Items (AS-200A111) or Acceptance Procedure for
Commercial Grade Services (AS-200A112).

TOSHIBA CORPORATION NED 13/39
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12.3 Receive Inspection at Wyle
NQAD shall perform the receiving inspection in the test facility of the USA in
accordance with receipt inspection procedure.

As a minimum, a Standard Receipt Inspection shall include:

o Identification of the model number and serial number or other identifying information,

e Visual examination to check for physical damage or contamination of the item or the
shipping containers,

13. Test-Control

Test activities are performed in accordance with chapter 12 of the QAPD. This section
describes the testing performed in this project, and the associated NED QA activities for
each type of testing.

An extensive testing program which is based on NRC regulations and nuclear industry
standards will be followed. The test program shall meet the requirements of EPRI
TR-107330, and shall be documented in the Master Test Plan to be created for this
project. The associated documentation requirements are extensive and will require
additional planning and resources.

13.1 In-Process Testing
NED shall prepare an Acceptance Plan for procuring commercial grade items in
accordance with NED procedure AS-200A111 [Acceptance Procedure for Commercial
Grade Items]. The Acceptance Plan shall identify the Acceptance Method to be used to
verify that each critical characteristic for acceptance is satisfied. One of the possible
Acceptance Methods is Special Tests and Inspections.

It is possible (but not required) that the NED Acceptance Plan will identify special tests
or inspections that must be performed in-process while Fuchu Complex proceeds with its
normal manufacturing process. If tests are determined to be necessary, requirements
for the testing will be added to the NED Procurement Specification, and/or NED QA
specification, to Fuchu Complex, which will require Fuchu Complex to hold the
manufacturing process at specified points to allow for NED testing.

Such testing, if required, is carried out under the responsibility of NED as follows:

« The testing shall be performed using written testing procedures which are prepared
by the Engineering/Design Group in accordance with the test plan.

+ Testing shall be performed by the Project QA Group in accordance with these test
procedures.

« Test results shall be documented in reports which are prepared by the Project QA
Group in accordance with NED procedure AS-300A103 [Test Control Procedure).

13.2 System Integration Testing
When Fuchu Complex completes manufacturing the units and modules, NED shall
perform system integration testing as part of Commercial Grade Dedication activities.
Prior to this testing, Fuchu Complex shall assemble the units and modules into a test
specimen, and provide the test equipment, as a commercial grade service. System
integration testing requirements are as follows:

+ The testing shall be performed using written testing procedures which are prepared
by the Monitoring Systems Engineering Group of the ICDD in accordance with the
test plan.

+ Testing shall be performed by the Project QA Group in accordance with these test
procedures.
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o Test results shall be documented in reports which are prepared by the Project QA
Group in accordance with NED procedure AS-300A103 [Test Control Procedure].

13.3 Qualification Testing

EPRI Specification TR-107330 requires pre-qualification testing and qualification testing.
This testing shall be performed in accordance with 10 CFR 50 Appendix B, per the
requirements of EPRI TR-107330 Section 6.5. Among.other requirements, the EPRI TR
réquires that test specimen chain of custody, and tests and data analysis, shall meet the
requirements of 10 CFR 50, Appendix B.

A USA-based testing faci]jty[ '];(rcill be used to
perform qualification tests required by EPRI TR-107330. The use of USA-based testing
facility shall be carried out providing the following conditions:

o NED will need to audit and accept the Test Facility for approval as a supplier
of Appendix B testing services, and place the testing vendor on NED’s
Qualified Supplier List (QVL) for testing services. NQAD, shall have the
responsibility for conducting this audit and for placin :|6n the QVL per
NED procedure AS-300A002 [Procedure for Evaluation of Vendor].

o The test system will need to be disassembled and shipped to the USA, and
then reassembled prior to testing. This disassembly/reassembly activity will
require special controls for configuration maintenance.

o NED will need to control the shipping contractor.

All qualification testing shall be performed in accordance with a Master Test Plan (MTP)
which defines the plan, sequence and requirements for the qualification testing. The
MTP shall be prepared by the Monitoring Systems Engineering Group based on the
Preliminary Technical Evaluation Report.

NED has responsibility for this testing. Test requirements are as follows:

» The testing shall be performed using written testing procedures which are provided by
the I\/.gom'toring Systems Engineering Group in accordance with the Master Test Plan
(MTP).

+ Testing shall be performed by the qualified inspéctor in accordance with these test
procedures.

« Test results shall be documented in reports which are prepared by the qualified

* inspector in accordance with NED procedure AS-300A103 [Test Control Procedure].

Where NED requnes[ ];%rsonnel to perform certain testing activities, NED shall
maintain the right to witness activities, as required by EPRI TR-107330 Section 7.2.H.
Special configuration control shall be maintained for the qualification testing. The
Master Test Plan shall describe the requirements for test configuration control.

13.4 Special Requirements for NED Testing
The conduct of testing, including handling of deviations noted during testmg activities
under the NED QA Program, will be controlled per NED procedure AS-300A008
[Nonconformance Control and Corrective. Action Procedure]. This procedure will ensure
formal documentation and disposition of unsatisfactory results.
All test procedures will be listed on a Master Configuration List to maintain document
control. Initial calibration of test specimens shall be performed and result of tests shall
be -documented.
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14. Control of Measuring and Test Equipment
Control of calibration of measuring and test equipment used by NED for testing shall be
controlled per chapter 13 of QAPD.

15. Handling, Storage and Shipping
Handling and storage requirements shall be followed in accordance with chapter 14 of
QAPD and NED procedure AS-500A007 [General Requirements for Handling, Storage,
Cleaning, Packaging, Shipping and Preservation] to warranty that the system will not
" suffer effects of shock, vibration, electrostatic discharge, and physical damage. Shipping,
Handling and Storage requirements of Section 4.10 of EPRI TR-107330 shall be
considered in addition to the applicable specification of AS-500A007.

. Items shipped shall be packaged to avoid damage or degradation due to various
environmental and handling factors which may be encountered during shipping and
storage.

« Packaging shall include desiccant materials as required.

« Items shall be inspected for cleanliness prior to packaging. :

+ Jtems not immediately packaged shall be protected from contamination.

» Cushioning shall be provided to protect against shock and vibration.

« Items and containers shall be marked with appropriate identification.

» Copies of packing lists shall be included with each carton shipped.

+ ESD sensitive items shall be appropriately packaged, handled and marked.

« Packaging shall be suitable for movement using hand trucks.

« Special landling or storage requirements shall be marked on the containers.

« The following will be provided: requirements for mode of shipping, use of fully enclosed
vehicles, special handling and stacking instructions ds necessary, and contamer
markings and protective covers.

« Storage and shelf life requirements shall be provided for all FPGA items.

16. Nonconforming Materials, Parts, or components

Nonconforming materials, parts, oxr components activities are performed in accordance
with chapter 16 of QAPD. The conduct of testing, including handling of deviations noted
during testing activities under the NED QA Program, will be controlled per NED
procedure AS-300A008 [Nonconformance Control and Corrective Action Procedure].
Moreover, NED requires submitting the report to the vendor in accordance with
requirements -of 10CFR21. All nonconformances reported shall be evaluated to identify
defects and determine if substantial safety hazards exist and, when necessary, notify the
USNRC in accordance with “Reporting Procedure for Defects and Noncompliance under
USNRC 10CFR21 (4810)".

17. Corrective Action
Corrective action activities are performed in accordance with chapter 17 of QAPD.
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18. QA Records
QA Record controls are performed in accordance with chapter 18 of QAPD.

19. Reviews, Audits and Surveillance
Audits activities are performed in accordance with chapter 19 of QAPD. Specific audit
activities that will be performed as part of this project activity are as follows:

NQAD shall conduct survey / audit of internal organizations within NED relevant to this
project’s activities and conduct CG survey / audit of Fuchu IP and other vendors. The
intent is to verify compliance with the NED 10 CFR 50 Appendix B QA program, this
Project Quality Assurance Plan, the vendor quality assurance program, and other
specified requirements.

Specific activities that NQAD shall perform include the following:

» Prepare survey (including CG survey) / Audit activities documentation

« Prepare training records of Lead auditor and auditor

» Perform periodic or additional internal audits of NED

+ Perform CG Survey of Fuchu Complex’s manufacturing of units and modules to ensure
that Fuchu Complex is performing work in aceordance with the Fuchu Complex ISO
QA Program. This CG Survey is required by EPRI TR-107330 section 7.2.E. Section
8.6.1.E requires NED to document results of these audits in reports.

NED shall have access to the Fuchu Complex or subcontractor premises for the purpose
of auditing implementation of the project requirements and surveillance inspection of
services provided under this Project Quality Assurance Plan. NED shall have the
authority to stop work or refuse acceptance of service if procurement requirements are

not met.

20. Requirements for EPRI TR-107330
EPRI TR-107330 provides detailed quality assurance requirements for qualification
projects. See the attached Fig.20 matrix for each requirement. These requirements
are incorporated into this PQAM by this reference. The following table shows where
each EPRI TR requirement related to quality assurance is included in this report.
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Fig. 4-1 Organization Structure of NED, Toshiba Fuchu Complex and Vendor of FPGA
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Fig. 4-2 Nuclear Quality Assurance Dept.

Senior Manager of
Quality Assurance Dept.

| NQAD .

Manager of Project QA Gr.

PQA

QA Staff

Project QA Engineer

Fig. 4-3 Plant Project Engineering Dept.

Senior Manager of Plant Project
Engineering Dept.

PPED

Manager of Overseas Project
Engineering Gr.

POS

Project Management Engineer

TAsSH!IBA CORPORATION NED 19/39



TOSHIBA

Project QA Plan FPG-PLN-A70-0001 Rev.2

Fig. 4-4 Electrical Systems Design & Engineering Dept.

Senior Manager of Control & Electrical
Systems Design & Engineering Dept.

ICDD

Manager of Monitoring Systems
Engineering Gr.

Design Engineer

Fig. 4-5 Sourcing Dept.

Senior Manager of Sourcing Dept.

S0D

Manager of Planning & Development
Gr.

GCHOD
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Fig.20 Quality Assurance Requirement from EPRI TR-107330 .
Section Requirement PQAP Section
4452F Configuration Management. All PLC devices that include firmware 6.1
“7™ | shall be marked with an identifier that includes revision level. i
Parts Replacement life Cycle Requirements. The baseline
4781 configuration of the qualified PLC shall be established. 6.1
Records shall be maintained for revision history and changes.
Requirements for Third Party/Sub-Vendor Items. All items provided
48 by sub-vendors or third parties shall be subjected to all applicable 13.2
) requirements and tests. Compatibility of operation with the PLC ’
shall be demonstrated through tests.
Items Shipped. Shall be packaged to avoid damage or degradation
4.10.1.A | due to various environmental and handling factors which may be 15
encountered during shipping and storage.
410.1.B Item§ Shipped. Packaging shall include desiccant materials as 15
required.
Items Shipped. Items shall be inspected for cleanliness prior to
| 4.10.1.C | packaging. Items not immediately packaged shall be protected from 15
contamination.
| Items Shipped. Cushlomng shall be provided to protect against i
4.10.1.D 15
| shock and vibration.
Items Shipped. Items and containers shall be marked with
4.10.1.E T o 15
appropriate identification.
Items Shipped. Copies of packing lists shall be included with each
4.10.1.F - 15
carton shipped.
: Items Shipped. ESD sensitive items shall be appropriately packaged
4.10.1.G handled and ked. 15
andled and marke
4.10.LH ‘tems Shipped. Packaging shall be suitable for movement using 15
hand trucks.
Items Shipped. Special handling or storage requirements shall be :
4.10.1.1 15
marked on the containers.
410.1.7 Items Shlpp. ‘d. See Section 4.4. 2 for requirements for software Exception
storage media.
Shipping Requirements. Requirements for mode of shipping, use of
4.10.2 | fully enclosed vehicles, special handling and stacking instructions as 15
necessary, and container markings and protective covers.
4 10.3 Storage Requivements. Storage and shelf life requirements shall be 15
T provided for all PL.C items.
5.9.B Initial PLC Calibration. The generic qualification sample PLC shall Exception
o be calibrated to NIST traceable sources.
Quality Assurance Program Compliance. Results of audits of
6.4.4H | manufacturer's QA Program shall be checked for comphance to 19
Section 7 requirements.
uality Assurance Measures Applied to Qualification Testing. Test
6.5.A | program TSAP development shall meet the requirements of 10 CFR Exception
50, Appendix B.
Quality Assurance Measures Applied to Qualification Testing. The
6.5.B procurement of all items included in the qualification test specimen, 9
o shipping, handling, and storage shall meet the reguirements of 10 15
CFR 50, Appendix B.
Quality Assurance Measures Applied to Qualification Testing. The
6.5.C chain of custody of all test specimen items shall meet the Exception
requirements of 10 CFR 50, Appendix B.
Quality Assurance Measures Applied to Qualification Testing. The 6.3
6.5.D test and data analysis shall meet the requirements of 10 CFR 50, 1,0; 3
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Fig.20 Quality Assurance Requirement from EPRI TR-107330

Section

Requirement

PQAP Section

7.2.A

10 CFR 50 Applicability. Regulations apply to all qualification

activities.

1

728

10 CFR_50 Applicability. Regulations apply to application specific
activities.

Not applicable

7.2.C

10 CFR 50 Applicability. Regulations apply to PLC dedication
activities.

Not applicable

72D

10 CFR 50 Compliance. Quality processes other than 10 CFR 50
shall be shown to be commensurate with 10 CFR 50,

9

7.2.E

10 CFR 50 Compliance. Qualifier shall perform audits to confirm
that manufacturer’s quality process has been applied to the PLC
product.

19

72.F

10 CFR 50 Compliance. Audits performed against manufacturer
programs other than 10 CFR 50 shall demonstrate that the program
process is-commensurate with 10 CFR 50.

6.4
19

7.2.G

V&V Program Evaluation. Qualifier shall evaluate the
manufacturer’s V&V program to the criteria in Section 7.4.

6.4

7.2.H

Qualification Test Witnessing. The qualifier shall have the right to

witness qualification tests.

13.3

7.3

10 CER 21 Compliance Reguirein‘ents. Section lists 10 CFR 21
compliance requirements of a utility which applies the PLC in a

safety-related application.

PLC manufacturer shall support problem reporting and tracking.

16

7.7.2

Hardware Configuration Management Requirements. The scope
shall include revisions to module design, module component
configuration, compatibility of revised modules with existing
hardware, and manufacturer documentation.

6.2

7.7.2.A

Hardware Configuration Management Review. Utility (and
Qualifier) shall evaluate the manufacturer configuration management

_process for design revisions to NQA-1.

6.1
6.4

7.7.2.B

Hardware Configuration Management Review. Utility (and
Qualifier) shall evaluate the manufacturer configuration management

process for methods of identification of each constituent component
within the PL.C modules to NQA-1.

6.1
6.4

7.7.2.C

Hardware Configuration Management Review. Utility (and
Qualifier) shall evaluate the manufacturer configuration management
process for methods of document control to NQA-1.

6.4

7.7.3

Software Configuration Management Requirements. The scope of
software configuration management includes creation and revision of

firmware, runtime software libraries, software engineering tools, and
documentation.

6.1

7.7.3.A

Software Configuration Management Review. Utility (and Qualifier)
shall evaluate the manufacturer software configuration management
process for definition of organization and responsibilities to Reg.
Guide 1.169, Section C.

6.1
6.4

7.7.3.B

Software Configuration Management Review. Utility (and Qualifier)
shall evaluate the manufacturer software configuration management

process for methods of configuration identification, control, status and
audits to Reg. Guide 1.169, Section C.

6.1
6.4

7.7.8.C

Software Configuration Management Review. Utility (and Qualifier)
shall evaluate the manufacturer configuration management process to

ensure sub-tier suppliers maintain comparable levels of configuration

management per Reg. Guide 1.169, Section C.

6.4
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: Fig.20 Quality Assurance Requuen}ent from EPRI TR-107330 PQAP Section
Section . Requirement

Problem Reporting/Tracking Requirements. PLC manufacturer shall
maintain a problem reporting and tracking system that includes
classification of problems, description of problems, identification: of
affected hardware, type of application, description of configuration,

7.8 . : . . 16
name of reporting site and means to contact site, type of site, and
cumulative operating time of PLC when problem occurred.
Manufacturer shall provide a mechanism for making this information
available to all nuclear utility users.
Programmatic Documentation. Reports on audits performed on the

8.6.1.E : : 19

manufacturer shall be prepared. 7
Manufacturers Quality Documentation Requirements. The

8.15 manufacturer shall provide the software process documents in 19
accordance with manufacturer’s QA Plan.

8.16 Manufacturers Certifications Requirements. Certification of 19

) conformance shall be provided by manufacturers.
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3. R R UBRFE

APRM: Average Power Range Monitor £¥gH h iRl E=4

CDR: Critical Digital Review 7 T4/ TU2)LLEa—

CGD: Commercial Grade Dedication B GT T4 —3 3>

CGL Commercial Grade Item &G

CGS: Commercial Grade Service BB RT%

CTM: Compliance and Traceability Matrix & R UBEMETR ISR

ERS: Equipment Requirement Specification #2832 K (L#E

FMEA: Failure Modes and Effects Analysis B{fEE—F & U S22 424

FPGA: Field Programmable Gate Array (a programmable logic device)Z'E45"S LB BE

Fuchu Complex:

W=7 LA OIS LA RSHEERET)
Power System Products Segment of Fuchu Gomplex FFREZFROE AR
T LERFY (FF)

1&C: Instrumentation and Control 5+ B UI{E

IBD: Interlock Block Diagram - >A—DOwo 7 Ovo

ICDD: Control & Electrical Systems Design & Engineering Department [RFHELR
HEBG: |

IED: Instrument Engineering Diagram 5+37 0w 22X

PSNE: Toshiba Corporation, Power Systems Company, Nuclear Energy BREZEH
DRATLIEFI)

LPRM: Local Power Range Monitor BEIH HfEEE=4

MCL: Master Configuration List Y AA—EEBY A+

MTP: Master Test Plan ¥ X 2—E X5 1B

NED: Nuclear Energy Division [EF HZEHER

NICSD: Nuclear Instrumentation & Control Systems Department, Fuchu IP (fF IP) &
FAFERE AT LE EVTD

NQAD: Nuclear Quality Assurance Dept.[BFH S E {RIELR

NRW-FPGA: Non—-Rewritable FPGA. A type of FPGA that cannot be rewritten after the
logic is implemented on it._ 2T FPGA

NUPDM2 : Nuclear Plant Product Data Management System Version 2 R H8 & ~<>x
AN AT LN—230 2

0S: Operating System 1BHRS AT L

OPRM: Oscillation Power Range Monitor IREIH 4Bl E=4

PCDL: Project Controlled Documents List 7O MESIBEEY X M

PHA: Preliminary Hazard Analysis Report 55 — R fEI&ZTIMEE - FIHNEIRER
i

PLC: Programmable Logic Controller A4S LAAHEAE RS woa A—S

PPED: Plant Project Engineering Department [+ AT} [[Ri%]

PQA: Project QA Group 7RV QA BN S L—F

PQAM: Project QA Manual 7O Yk QA T=27JL

PRM: Power Range Monitor i Bl E=4

QA: Qualify Assurance F4E {R:E

QAPD: Nuclear Energy Quality Assurance Program Description([EF )R B IR
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ASSLTAAD) T3y

QC: Qualify Control REEE

QVL: Qualified Vendor List BN A—1) AR

RBM: Rod Block Monitor HllfI#5 k& EE1REE

RTM: Requirement Traceability Matrix 1BFRE< M) O REREIF

SDD: System Design Description R #fs%EtEHEHE

SER: Safety Evaluation Report R iR &HE

SIL: Software Integrity Level YRz FP#HESL )L

SQAP: Software QA Plan Y77 QA TS

SSG: System, Structure and Component > AT, R R (Fi4E52

TE: Technology Executive, Nuclear Energy B+ k&

TuU: Trip Unit. Trip Unit consists of Trip Modules and Calibration Modules.1)w
TES2a— I RUBRIEFEED a—ILMLEDMN)vT1=wk

UFSAR: Updated FSAR B#iSh 1= FSAR(RBREMREITHREE)

VHDL: Very High Speed Integrated Circuit Hardware Definition Language. A
hardware description language which defines FPGA circuit. VHSIC /N\—FHx
TR EFE, FPGA U—FwbEEERT S/ \—Foz 7Rk BiE,

VP: Vice President, Power Systems Company B FHBEIE

V&V: Verification and Validation & 5E & (N E5T

WRNM: Wide Range Neutron Monitor [RiEid{EFE=4

4. 1%
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. 10CFR Part 21 30D IR EFHDEH
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DRAT LERBIEDER . Tzl
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