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1. Scope

This document describes the equipment requirements of the Non Rewritable
(NRW)-Field Programmable Gate Array (FPGA) based units for the Power Range
Monitor (PRM).

The equipment requirements consist of specific functional and design requirements of
the hardware and FPGA logic, including any detailed logic requirements. The
Equipment Requirements Specification (ERS) also specifies qualification requirements.

This ERS is prepared specifically for the NRW-FPGA-Based PRM System
Qualification Project.

The scope of the PRM System described in this specification includes units performing
the functions of the LPRM, APRM and flow measurement, plus the interconnecting
cables between units. The scope does not include requirements for external interfacing
components such as the in-core detectors and differential pressure transmitters.

2. Applicable Documents
2.1. Supporting and Supplemental Documents
2.1.1. Supporting Documents

The latest revision is applicable about following documents.

2.1.1.1. EPRITR-107330
Generic Requirements Specification for Qualifying a Commercially Available
PLC for Safety-Related Applications in Nuclear Power Plants

2.1.1.2. RS-5114010
PRM System Design Specification for Japanese Plants

2.1.1.3. FPGA-based PRM Unit Equipment Design Specifications (for Commercial
Product): | '
5G8HA385  PRM Unit Equipment Design Specification -
5G8HA386 LPRM/APRM Unit Design Equipment Specification
5G8HA381 Flow Unit Design Equipment Specification

2.1.1.4. FPGA-based PRM Unit Equipment Users Manual (for Commercial Product):
6E8H7301 Instructions for TOSDIA LPRM (HNU100)
6ESH7302 Instructions for TOSDIA APRM (HNU200)
6E8H7306 Instructions for TOSDIA FLOW (HNU300)

2.1.1.5. FPGA-based PRM Module Equipment Design Specification (for
Commercial Product);
5G8HA382 SQ-ROOT Module Equipment Design Specification
5G8HA390  APRM Module Equipment Design Specification

TOSHIBA CORPORATION Nuclear Energy Systems & Services Division
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2.1.1.6.

5G8HA391  LPRM Module Equipment Design Specification
5G8HA393  TRN Module Equipment Design Specification
5G8HA394  RCV Module Equipment Design Specification
5G8HA395  DIO Module Equipment Design Specification
5G8HA396  AO Module Equipment Design Specification
5G8HA439  FLOW Module Equipment Design Specification
5G8HA466  LVPS Module Equipment Design Specification
5G8HA475  STATUS Module Equipment Design Specification

FPG-PLN-A70-0001
Project Quality Assurance Manual .

3. Applicable Regulations, Codes and Standards

3.1.
3.1.1.

3.1.1.1.

3.1.1.2.

3.1.1.3.

3.1.2.
3.1.2.1.

3.1.2.2.
3.1.2.3.

3.1.24.
3.1.25.

3.1.2.6.

3.1.2.7.

Applicable Documents

Electric Power Research Institute (EPRI)

TR-102323-R2

Guidelines - for Electromagnetic Interference Testing in Power Plant
Equipment, November 2000

TR-100516 .
Equipment Qualification Reference Manual, November 1992

TR-107330
Generic Requirements Specification for Qualifying a Commercially Available
PLC for Safety related Applications in Nuclear Power Plants

Institute of Electrical & Electronics Engineers (IEEE)
IEEE Std 74.3.2-1993
IEEE Standard Criteria for Digital Computers in Safety Systems of Nuclear
Power Generating Stations

IEEE Std 323-1983, Standard for Qualifying of Class 1E Equipment for
Nuclear Power Generating Stations

IEEE Std 344-1987, IEEE Recommended Practice for Seismic Qualification
of Class 1E Equipment for Nuclear Power Generating Stations

IEEE Std 379-2000
Standard Application of the Single-Failure Criterion to Nuclear Power
Generating Station Safety Systems

IEEE Std 383-1974
IEEE Standard for Type Test of Class 1E Electric Cables, Field Splices, and
Connections for Nuclear Power Generating Stations

IEEE Std 384-1992
IEEE Standard Criteria for Independence of Class 1E Equipment and Circuits

IEEE Std 603-1991

TOSHIBA CORPORATION Nuclear Energy Systems & Services Division
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3.1.2.8.

3.1.2.9.

3.1.2.10.

3.1.2.11.

3.1.2.12.

3.1.2.13.

3.1.2.14.

3.1.2.15.

IEEE Standard for Safety Systems for Nuclear Power Generating Stations

IEEE Std 730-2002
IEEE Standard for Software Quality Assurance Plans

IEEE Std 828-1990
Standard for Software Configuration Management Plans

IEEE Std 1012-1998
Standard for Software Verification and Validation Plans

IEEE Std 1074-1995
IEEE Standard for Developing Software Life Cycle Processes

IEEE Std 352-1987
Guide for General Principles of Reliability Analysis of Nuclear Power

‘Generating Stations

IEEE Std 1050-1996 .
Guide for Instrumentation Control Equipment Grounding in Generating
Stations '

IEEE Std 338-1987
IEEE Standard Criteria for the Periodic Surveillance Testing of Nuclear
Power Generating Station Safety System

IEEE Std 498-1990
IEEE Standard Requirements for the Calibration and Control of Measuring
and Test Equipment Used in Nuclear Facilities

3.1.3. Other Documents

3.1.3.1.

3.1.3.2.

3.1.33.

3.1.34.

3.1.35.

3.1.3.6.

3.1.3.7.

ISA-567.04-1994 ,
Setpoints for Nuclear Safety related Instrumentation Used in Nuclear Power
Plants

ANSI,N45.2.2-1982
Packing, Shipping, Receiving, Storage and Handling of Items for Nuclear
Power Plants

MIL-HDBK 217F
Reliability Prediction of Electronic Equipment

MIL-STD-461E
Requirements for the Control of Electromagnetic Interference Characteristics
of Subsystems and Equipment

IEC61000-4-2-1995

Testing and measurement requirement techniques-Section 2: Electrostatic
discharge immunity test

IEC61000-4-4-1995

Testing and measurement requirement techniques-Section 4:Electrical fast
transient/burst immunity test

IEC61000-4-5-1995

TOSHIBA CORPORATION Nuclear Energy Systems & Services Division
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3.1.3.8.

Testing and measurement techniques-Section 5: Surge immunity test

IEC61000-4-12-1995
Testing and measurement techniques-Section 5: Oscillatory waves immunity
test, Basic EMC publication

3.1.3.9. Toshiba 4401-4“Nuclear Energy QA Program Description * Rev. 1.

3.2. Information Documents

3.2.1. U.S. Nuclear Regulatory Commission (NRC) Regulatory

Guides (RG)

3.2.1.1. RG 1.22, Feb. 1972
Periodic Testing of Protection System Actuation Functions

3.2.1.2. RG 1.29, Rev 3, Sep. 1978
Seismic Design Classification

3.2.1.3. RG 1.47,Rev 0, May. 1973
Bypassed and Inoperable Status Indication for Nuclear Power Plant Safety
Systems

3.2.1.4. RG 1.53,Rev 2, Nov. 2003
Application of the Single-Failure Criterion to Nuclear Power Plant Protection
Systems

3.2.1.5. RG1.75,Rev 2, Sep. 1978
Physical Independence of Electric Systems

32.1.6. RG1.89,Rev 1, Jun. 1984
Environmental Qualification of Certain Electric Equipment Important to
Safety for Nuclear Power Plants

3.2.1.7. RG 1.152, Rev 1, Jan. 1996
Criteria for Programmable Digital Computer System Software in Safety
related Systems of Nuclear Power Plants

3.2.1.8. RG1.153, Rev 1, Jun. 1996
Criteria for Safety Systems

3.2.1.9. RG 1.168, Rev.1, Feb. 2004
Verification, Validation, Reviews and Audits for Digital Computer Software
Used in Safety Systems of Nuclear Power Plants

3.2.1.10. RG 1.169, Sept 1997
Configuration Management Plans for Digital Computer Software Used in
Safety Systems of Nuclear Power Plants

3.2.1.11. RG 1.170, Sep. 1997
Software Test Documentation for Digital Computer Software Used in Safety
Systems of Nuclear Power Plants

3.2.1.12. RG 1.171, Sep. 1997

Software Unit Testing for Digital Computer Software Used in Safety Systems

TOSHIBA CORPORATION Nuclear Energy Systems & Services Division
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of Nuclear Power Plants

3.2.1.13. RG 1.172, Sep. 1997 '
Software Requirements Specifications for Digital Computer Software Used in
Safety Systems of Nuclear Power Plants

3.2.1.14. RG 1.173, Sep. 1997
Developing Software Life Cycle Processes for Digital Computer Software
Used in Safety Systems of Nuclear Power Plants

3.2.1.15. RG 1.180 Rev 1, Oct. 2003
Guidelines for Evaluating Electromagnetic and Radio-Frequency Interference
in Safety related Instrumentation and Control Systems

3.2.1.16. RG 1.100 Rev2, Jan. 1988
Seismic Qualification of Electric Equipment for Nuclear Power Plants

3.2.2. Other Documents

3.2.2.1. NUREG-0800
Standard Review Plan for the Safety Analysis Reports for Nuclear Power
Plants . ‘
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4. System Overview

This section describes the PRM System applied for existing typical US BWR nuclear
power plants having following system features:

o Input signal from172 LPRM Detectors.

e Six APRM channels, two LPRM channels.

Two RBM channels and four Flow channels.

The Reactor Protection System (RPS) logic is one out of two taken twice for

Locking Piston CRD system.

¢ Interconnection to an OPRM System (a protection system for reactor power
oscillation).

Requirements for this system are obtained from the following sources:

o EPRITR-107330
e PRM System Design Specification for Japanese Nuclear Plant
o . IEEE Std 603-1991 and IEEE Std 7-4.3.2-1993

Section 5 of this document provides detailed design requirements for the units and
interfacing cables that make up the test specimen for the qualification project.

Requirements from the Japanese Nuclear Plant System Design Specification, and from
the IEEE standards, are summarized in Section 4 of this ERS.

Compliance traceability matrixes are provided in Appendix A-1 and A-2 to this ERS.
These matrixes show how the requirements of IEEE Std 603-1991 and IEEE Std
7-4.3.2-1993 are addressed in Section 4 of this ERS.

4.1. Functions
4.1.1. Design Basis Event

Following design basis events that require safety functions of the PRM System
specified in Section 4.1.2 are postulated:

¢ Anticipated Operational Occurrences whose result might occur to exceed
acceptable fuel design limits, specified in NUREG-0800 Chapter 15

e Plant Design Basis Accidents specified in NUREG-0800 Chapter 15

e Reactor Power Oscillation specified in NUREG-0800 Chapter 15.9

For design basis events, the postulated initial condition of these events is that reactor
power is at 100% rated power plus power measurement uncertainty.

TOSHIBA CORPORATION Nuclear Energy Systems & Services Division
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4.1.2. Safety-related Functions
The PRM has the following safety-related functions:

1. Generate signals that represent:
a. Local neutron flux
b. Spatially averaged neutron flux
c. Spatially averaged heat flux (Simulated Thermal Power Level)
d. Recirculation flow

2. Provide the following trips to the Reactor Protection System (RPS) - Divisional
APRM trips shall be initiated by any of the following:
a. APRM Upscale (High-High) Trip
b. Simulated Thermal Power Upscale Trip
c. APRM Inoperable Trip

4.1.3. Non Safety-related Functions
The PRM has the following non-safety-related functions:

1. Provide data signals, including recording transient data, and trip indications to the
Process Computer.

2. Provide a rod withdrawal block signal to the Reactor Manual Control System
(RMCS), if any one of the following occurs:

APRM Upscale (High) Trip

APRM Inoperable Trip

APRM Downscale Trip

Recirculation Flow Upscale / Inoperable Trip

RBM upscale Trip

RBM downscale Trip

RBM Inoperable Trip

Recirculation Flow comparison Abnormal Trip

FRme A op

4.2. Summary System Description

The PRM is designed to provide information used for monitoring the average power
level of the reactor core, monitoring the local power density distribution associated with
the withdrawal or insertion of a control rod, and for protecting the core against local and
full-core power transients when the reactor power is in the power range, i.e., above
approximately 10 percent of rated power. It provides trip signals to initiate reactor
scrams under excessive neutron flux conditions or fast increasing neutron flux

* conditions. It provides alarms to the operator warning of the impending and actual
occurrence of these trips. It also provides power information to the operator and

_ performs the rod block monitoring function.

TOSHIBA CORPORATION Nuclear Energy Systems & Services Division
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The PRM has following subsystems:

Local Power Range Monitor (ILPRM) Subsystem
Average Power Range Monitor (APRM) Subsystem
Recirculation Flow Measurement Subsystem

Rod Block Monitor (RBM) Subsystem

oo

The LPRM Subsystem continuously monitors the local neutron flux distribution in the
core. In the PRM System considered in this project, the LPRM subsystem contains 172
neutron detectors distributed throughout the reactor core. The LPRM Subsystem
provides LPRM levels indication and reading of this information to other systems for
operation and control. It also provides alarms when preset levels are reached. The
LPRM detectors provide measurement of core local power from 1% to above 100% of
the rated power. .

The APRM Subsystem provides APRM levels by averaging the output signals from the
selected LPRM signal. Typically, the APRM Subsystem consists of six channels. The
LPRM signals are divided and assigned to the APRM channels. The APRM Subsystem
issues trip signals for generating reactor trip and alarm functions.

Signals from the Recirculation Flow Measurement Subsystem are available for the
APRM Subsystem and RBM trip setpoint determination.

The LPRM, APRM and Recirculation Flow signals are displayed for operators at the
Main Operator Console (MOC).

The RBM Subsystem is not part of the qualification effort. Therefore, its functions are
not described in this document. However, the interfaces of the LPRM, the APRM and
the Recirculation Flow Measurement Subsystems with the RBM Subsystem are
described.

These subsystems include varistors and noise filters in power supply lines of each unit
to prevent surge voltage. Specific requirements are described in Section 5.2.4.7.

4.3. Detailed System Description
4.3.1. System Equipment, Arrangement and Location

This section provides a detailed explanation of the system configuration of the PRM
System. Specific requirements for the PRM hardware components are described in
Section 5.2.

The LPRM subsystem receives signals from the 43 LPRM detector assemblies, each
with four fission chamber detectors (i.e. LPRM detectors) evenly spaced at four axial
positions along the fuel bundle in the vertical direction. These are called the A, B, C,
and D detectors positions. The assemblies are distributed throughout the whole core in
evenly spaced locations such that each assembly is located at every fourth intersection
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of the water channels around fuel bundles not containing a control rod. The LPRM
subsystem also includes cables, electrical penetrations and LPRM signal processing.

Each detector assemblies are housed in and fitted at the incore housmg with
penetrations at the bottom of the RPV.

Each LPRM signal is provided to either an APRM channel or an LPRM channel.

® LPRM detector signals provided to an LPRM channel. The LPRM subsystem
consists of two LPRM channels, one of which is connected to 21 detectors,
and the other of which is connected to 22 detectors. The LPRM subsystem
function is to provide indication and reading of the local neutron flux
information to other systems for operation and control. It also provides alarms
when preset levels are reached.

® LPRM signals provided to an APRM channel. There are six APRM channels
that monitor the average reactor power. Each APRM channel has two
functions: the function of LPRM subsystem, as described above; and the
function of APRM subsystem, to average the selected LPRM signals, provide
the average reactor power to other systems for operation and control, and
issue trip signals.

The APRM subsystem is designed to include redundancy in order to maintain the
system safety functions in the event of a single failure.

Each APRM channel (Channel A through F) receives signals from two Flow channels.
All flow channels (Channels A through D) are identical in design and independent of
each other. The assignment of Flow channels to APRM channels is shown below:

Assignment of Flow Channels
to APRM Channels
FLOW channel A B C D
APRM channel A,CE B.DF A,CE B,D,F

The assignment of the APRM channels to the one out of two taken twice type RPS is

presented below.

Assignment of the APRM Channels to the Reactor Protection System
Divisions

RPS division A | B

RPS trip channel Al A2 B1 B2

APRM channel AE C,E B.F D,F

TOSHIBA CORPORATION Nuclear Energy Systems & Services Division

15/134

B T T ——




FPG-RQS-C51-0001 Rev.7

Three APRM channels are associated with each of the Reactor Protection System
division. Two of the six APRM channels are shared between the RPS trip channels, i.e.
APRM E is associated with the RPS trip channels Al and A2, and APRM F is
associated with trip channels B1 and B2.

APRM channels A, C, and E averages the output signals from 21 LPRM signals.
TAPRM channels B, D, and F average the output from 22 LPRM signals.

The LPRM cables are grouped by associated RPS trip channel (A1, A2, B1 and B2)
under the reactor vessel. Each group of the LPRM cables is routed to the control room
in a separate conduit, with a separate containment electrical penetration, to maintain
separation. The assignment of the APRM and the LPRM channels to the four electrical
penetrations (A through F) is presented below.

Assignment of APRM and LPRM Channel to
Electrical Penetrations
Electric Penetration A B C D
APRM &LPRM | ApRME | APRMA | APRM C | APRMF
Channel LPRM B | APRMB | APRMD | LPRM A

The LPRM detector assignments to each to each APRM channel and LPRM channel are
specified in Table 4-1

TOSHIBA CORPORATION Nuclear Energy Systems & Services Division
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Each of the two Recirculation loops has four pressure differential measurements, for a
total of eight pressure differential measurements. Each of the four Recirculation Flow
Measurement subsystem channels takes inputs from the two differential pressure
transmitters: one from Recirculation Loop A, and the other from Recirculation Loop B.
Each channel calculates a flow signal by processing differential pressure signals from
each of the two Recirculation loops and summing up them, to provide an.output that is
representative of the total core flow rate value.

Assignment of differential pressure transmitter signals to Recirculation Flow
Measurement channels and APRM channels is shown below.

Assignment of the Flow Transmitter Signals to the Flow Channels and
Corresponding APRM Channels
Transmitter Signal A|E|B|F|C|G|D]|H
Flow Channel A B C D
APRM Channel A,CE B,.DF ACE B.D,F

As stated above, the PRM System must provide outputs for the RBM subsystem as
follows:
o LPRM Subsystem: Provides the LPRM levels to the RBM subsystem.
e APRM Subsystem: Provides the APRM levels, and the Simulated Thermal
Power Levels, from each of the six APRM channels to the RBM subsystem.
» Flow Subsystem: Provides the Recirculation flow rate value from each of
the four flow channels to the RBM subsystem. '

All digital signals from these subsystems are transmitted to the RBM subsystem by
| through the optical cables.

To provide the trip signals from the PRM System to the RPS, relays are used.
The requirements for the relays are as follows:

" (a) Connectable to the RPS.

(b) Response time shall satisfy the system requirements shown in Section
5.1.3.1, where response time requirement for relay is described as the
requirement for trip auxiliary unit.

(c) Already qualified for US nuclear safety-related purpose

The PRM System configuration showing the subsystem interfaces is given in Figure 4-1.
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Figure 4-1: PRM System Configuration Diagram
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4.3.2. Safety Features

The following safety features are included in the PRM:

1.

2.

o

10.

11.

12.
13.

14.

The PRM System is safety-related and, thus, is qualified for Class1E applications
per the requirements of IEEE Std 323-1983 and IEEE Std 344-1987.

The delay time from the instant in which a step change is made in the LPRM
detector signal, to the instant in which a state change occurs in the trip circuit (in the
RPS and OPRM system) is designed to be equal to or less than 40 milliseconds.
Each LPRM, APRM, and Flow channel is entirely redundant and identical in design,
and independent of each other.

PRM equipment is protected from electric power transients and disturbances by
using fuses, analog isolators, optical couplers and, fiber optic cables.

The safety-related subsystems of the PRM System are single-failure-proof and
conform to IEEE Std 379-2000 endorsed by R.G. 1.53. The safety-related systems
shall perform all required safety functions for a design basis event in the presence of
the following:

® Any single detectable failure within the safety systems concurrent with all
identifiable, but nondetectable failures.

®  All failures caused by the single failure.

®  All fajlures and spurious system actions that cause, or are caused by, the design

' basis event requiring the safety function.

[Deleted] :

When any one channel is bypassed, the fact shall be indicated in the control room.

The design is to conform to R.G.1.47.

Equipment that is used for both safety and non-safety functions shall be classified as

part of the safety systems. Isolation devices used to affect a safety system boundary

shall be classified as part of the safety system. No credible failure on the non-safety

side of an isolation device shall prevent any portion of a safety system from meeting

its minimum performance requirements during and following any design basis event

requiring that safety function.

The Class 1E equipment and circuits comply with IEEE Std 384-1992 for

independence.

In order to provide assurance that the requirements in the specification can be

applied during the design, construction, maintenance, and operation of the plant, the

requirements of Section 5.11 of IEEE Std 603-1991 are met.

The allowance for uncertainties between the process analytical limit and the device

setpoints is determined in accordance with ISA-S67.040-1994. Design of multiple

setpoints for adequate protection for a particular mode of operation or set of

operating conditions provides positive means of ensuring that the more restrictive

setpoint is used when required.

The PRM reliability requirements are specified in Section 5.1.7.

Digital equipment is designed in accordance with Section 5.3, 5.5 and 5.6 of IEEE

Std 7-4.3.2-1993. ERS Section 5.3 defines these requirements.

System initialization requirements are specified in ERS Section 5.1.2.

TOSKHIBA CORPORATION Nuclear Energy Systems & Services Division
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15. The points in time or the plant conditions for which the protective actions of the
safety system shall be initiated are specified in ERS Section 5.1.3.

16. The points in time or the plant conditions that allow returning a safety system to
normal are specified in ERS Section 5.1.4.

17. Auxiliary features (ex. Cooling fun, Power supply) comply with IEEE 603-1991.

4.3.3. System Availability

Loss of an APRM channel due to bypass or inoperability does not result in loss of the
PRM System safety function, because the LPRM detectors are distributed throughout
the core, at various distances from the core center, various azimuths, and various
elevations, and the LPRM detectors connected to each APRM channel are grouped so
that each APRM channel provides an average power level that is representative of the
spatial average power throughout the core.

Loss of individual LPRM signals due to bypass or inoperability does not result in loss of
the APRM safety function, because each APRM channel receives and averages 21 or 22
LPRM signals. APRMs can function with loss of multiple LPRMs.

Any failure in the interconnection between units shall not defeat the ability of signal
transfer of information between the units.

Loss of power in any units shall not defeat the ability of signal transfer between the
units. :

4.3.4. Environmental Consideration

All safety-related PRM equipments have the ability to operate under the normal and
accident conditions specified in Section 5.5. These conditions must bound condition
under the anticipated Operating Occurrences and the Design base accidents at the rated
power operation.

All safety-related PRM equipments are qualified to minimize both susceptibility to, and
generation of, electromagnetic interference (EMI) and radio frequency interference
(RFI). The PRM Units are subjected to test for EMI, RFI, and surge conditions that
conform to guidelines given in RG-1.180 Revl.

All safety-related PRM components are qualified to IEEE Std 323-1983 and IEEE Std
344-1987.

4.3.5. Maintenance Provisions

The PRM equipment design provides the replacement capability of all modules. All
modules performance is readily measurable.

TOSHIBA CORPORATION Nuclear Energy Systems & Services Division
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4.3.6. Self-Testing
The self-test functions are described in the Section 5.1.6.
4.3.7. Surveillance Testing

The PRM System provides the following functions for surveillance testing:

a. LPRM gain adjustment. (See 4.4.3.)
b. APRM gain adjustment. (See 4.4.3.)
c. LPRM trip test.

d. APRM trip test.

e. Flow trip test.

4.4. Operation
4.4.1. Operation

The PRM System operates continuously during reactor operation. The accuracy of the
APRM channels can be verified by cross-comparison of the each other redundant
channels within the two redundant divisions. The bypass of one channel of three APRM
channels for one RPS division is allowable, because of the one out of two taken twice
type RPS trip logic. The PRM System fully meets the requirements stated in R. G.1.22.

4.4.2. Operating Bypasses

The PRM System uses an operational bypass that changes the reactor trip setpoint and
rod withdrawal setpoint depending on two inputs: reactor mode and recirculation flow
rate. Specifically, the operational bypass functions as follows:

¢ When the reactor operating mode switch is in the “RUN”, the APRM reactor trip
and the rod withdrawal block setpoints are dependent upon the recirculation flow
rate.

e When the reactor operating mode switch is NOT in the “RUN”, the APRM is still
capable of issuing trips and the rod withdrawal block signals, but at a Jower fixed
setpoint.

4.4.3. Calibration

(1) LPRM gain adjustment

LPRM calibration is performed for each APRM channel and LPRM channel. The
operator bypasses the APRM channel to be calibrated (this process is not executed for
LPRM channel). The operator places the LPRM mode switch in the “CAL” position and
enters a new gain adjustment value. After entering new gain adjustment value, the
operator places the LPRM mode switch in the “OP” position. The operator then

" TOSHIBA CORPORATION Nuclear Energy Systems & Services Division
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removes the bypass of the channel. This process is repeated for each LPRM (except for
channel bypass process for LPRM channel), or APRM channel.

(2) APRM gain adjustment

APRM calibration is performed for each APRM channel (this process is not executed
for LPRM channel). The operator bypasses the APRM channel to be calibrated and
places the APRM mode switch.in the “CAL” position and enters new gain adjustment
value. After entering new gain adjustment value, the operator places the APRM mode
switch in the “OP” position and remove the bypass.

An analysis shall be prepared to provide the information needed to support an
application specific setpoint analysis per ISA-RP 67.04. The analysis shall include:

a. Calibrated accuracy, including hysteresis and non-linearity, of the analog
inputs.

Repeatability of the analog inputs.

Temperature sensitivity of the analog inputs.

Drift with time of the analog inputs.

Power supply voltage fluctuation effects on the analog 1nputs

o a0 o

In addition, the qualification process shall identify components, if any, on analog input
modules as follow:

a. Components where vibration during seismic testing could affect accuracy.

b. Components where radiation exposure could affect accuracy.

c. Component where relative humidity over the range given in Section 5.5
could affect accuracy.

(3) Flow Calibration
Flow calibration is performed for each Flow channel. The operator bypasses the Flow
channel to be calibrated and adjust the output signal to test current input signal.

4.4.4. Unit and Detector Bypass

Each LPRM, APRM or Flow channel can be individually bypassed for maintenance
bypass. Restrictions as to the total number and distribution of bypassed channels (at one
time) must be adhered rigidly to avoid reactor trip due to inoperable PRM channels.

The APRM equipment allows the operator to bypass any one of the 3 APRM channels
for one RPS division during normal plant operation. The APRM channel bypassed
status is displayed on the PRM front panel and provided to the MOC complying with
R.G 147.

All PRM bypass logic control functions are located within the PRM, none are located in
RPS.

Each LPRM modules allows to be bypassed within the permissive numbers to retain the
PRM Safety function. The LPRM module (including LPRM detector) bypass status is

TOSHIBA CORPORATION Nuclear Energy Systems & Services Division
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displayed on PRM front panel.

- 4.5. System Interface

The PRM System has interfaces to other systems, described in the following. Of these
interfaces, Table 4.2 summarizes the PRM System discrete outputs.

4.5.1. Reactor Manual Control System (RMCS)
The PRM System provides discrete signals to RMCS as follows:

The discrete signals from the PRM to the RMCS through the trip auxiliary unit:

APRM Inoperable OR of all APRM channels
APRM Upscale (High) OR of all APRM channels
APRM Downscale . OR of all APRM channels
Recirculation Flow Upscale OR of all FLOW channels
Recirculation Flow Inoperable OR of all FLOW channels

These discrete output signals are used as the rod withdrawal block signals.

4.5.2. Reactor Protection System (RPS)

Each APRM channel provides the trip signal to the RPS as described in Section 4.3.1.
The RPS provides the PRM System with the position and control information of the
reactor mode switch, e.g. RPS provides the signal indicating if the mode switch is in the
“RUN?” position.

Discrete signals from the RPS to the PRM:

Reactor Mode signal
APRM Bypass signal

Discrete signals from the PRM to the RPS through the trip auxiliary unit:

APRM Upscale (High-High) Each APRM channel
Simulated Thermal Power Upscale Each APRM channel
APRM Inoperable Each APRM channel

These signals are used to initiate the reactor scram.

4.5.3. Process Computer System (PCS)

PRM provides data signals, trip indications and operation status to the PCS.

TOSHIBA CORPORATION Nuclear Energy Systems & Services Division
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Analog signals from the PRM to the PCS:

LPRM levels 0 to 160mV signal for 0 to 125%
APRM levels 0 to 160mYV signal for O to 125%
APRM Upscale (High) setpoints 0 to 160mV signal for 0 to 125%
Simulated Thermal Power Levels 0 to 160mV signal for 0 to 125%
Simulated Thermal Power Upscale setpoints 0 to 160mV signal for O to 125%
Loop Flow values 0 to 160mV signal for 0 t0125%
Differential Pressure values 32 to 160 mV signal for 4 to 20mA
Recirculation Flow values '0to 160mV signal for 0 to125%

Discrete signals from the PRM to the PCS through the trip auxiliary unit:

APRM Upscale (High-High) " Each APRM channel
Simulated Thermal Power Upscale Each APRM channel
APRM Upscale (High) Each APRM channel
APRM Inoperable Each APRM channel
APRM Downscale OR of all APRM channels
APRM Bypass Each APRM channel
Recirculation Flow Upscale OR of all Flow channels
Recirculation Flow Inoperable OR of all Flow channels

4.5.4. Oscillation Power Range Monitor (OPRM)

The PRM System can provide the analog signals of the LPRM levels to the OPRM
system. The analog signals are identical to the signals that are provided to the transient
MONitor.

If an LPRM module is bypassed or becomes inoperable, it continues sending the last

LPRM level to the OPRM, so the OPRM may identify the inoperable LPRM by
detecting the constancy of the LPRM levels.

| 4.5.5. Main Operator Console (MOC)

l Discrete signals from the PRM System to the MOC through the trip auxiliary unit:

LPRM Unit Minor failure Each LPRM Unit
LPRM/APRM Unit Minor failure Each LPRM/APRM Unit
APRM Upscale (High-High) Each APRM channel
APRM Inoperable Each APRM channel
APRM Upscale (High) Each APRM channel
Simulated Thermal Power Upscale Each APRM channel
APRM Downscale Each APRM channel
APRM Minor Failure Each APRM channel
APRM Bypass Each APRM channel
Recirculation Flow Upscale Each FLOW channel
Recirculation Flow Inoperable Each FLOW channel

TOSHIBA CORPORATION Nuclear Energy Systems & Services Division
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4.5.6. Annunciator (ANN)
Discrete output from the PRM System to the ANN through the trip auxiliary unit:

OR of all LPRM modules*

LPRM Upscale
LPRM Downscale OR of all LPRM modules*
APRM Upscale (High-High) Each RPS trip system
Simulated Thermal Power Upscale Each RPS trip system
APRM Inoperable Each RPS trip system
APRM Upscale (High) OR of all APRM channels
APRM Downscale OR of all APRM channels
APRM Minor Failure OR of all LPRM Unit Minor
Failure, APRM Minor Failure and
FLOW Unit Minor Failure
Recirculation Flow Upscale OR of all Flow channels
Recirculation Flow Inoperable OR of all Flow channels

*See Section 5.2.3.2 about LPRM module

4.5.7. Recorder

Analog output from PRM System to the Recorder:

APRM levels
APRM Upscale (High) setpoints
Recirculation Flow values

0 to 1V signal for 0 to full scale
0 to 1V signal for 0 to 125%
0 to 1V signal for 0t0125%
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Table4-2. Discrete Output from the PRM System

Destination of Output

Type of Output RMCS RPS
- LPRM Upscale - -
LPRM Downscale - -

LPRM Unit Minor Failure

LPRM/APRM Unit Minor Failure - -

APRM Upscale (High-High) - O

Simulated Thermal Power Upscale - O

APRM Inoperable O

APRM Upscale (High)
APRM Downscale

_APRM Minor Failure - -
APRM Bypass
Recirculation Flow Upscale
Reciculation Flow Inoperable
FLOW Unit Minor Failure

0| 0| ©
|

| |©|O] |

(O:each channel @:each RPS trip system ©):or of all channels A\ :each unit

X: or of all LPRM modules (See Section 5.2.3.2 about LPRM module)

* OR of all LPRM Unit Minor Failure, all LPRM/APRM Unit Minor Failure, all APRM
Minor Failure and FLOW Unit Minor Failure '
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5. Design Requirements

This section specifies the detailed functional requirements for the hardware and
software components of the system (Section 5.1), the hardware requirements for each
hardware component (Section 5.2), and generic software requirements for all logic
(Section 5.3).

5.1. Functional Requirements
5.1.1. Basic Design Requirements

The PRM System shall be designed to provide adequate flux monitoring information
from one percent through 125% reactor power. In order to allow this PRM system
measurement, the LPRM indication shall be adjusted not to exceed 86% at the rated
power. Note that the PRM System can accept 138.9% flux value at maximum, and if the
flux value exceeds the limit, it is clamped to the 138.9%.

The PRM System shall provide trip functions for required safety protection. It shall also
provide continuous and reliable reactor power performance data to the various output
interfaces.

The PRM System shall be able to compare the signal input to the setpoints, and generate
alarms or trip signals.

The PRM System shall be capable of latching alarm conditions and resetting based on
alarm reset conditions. The display for the PRM units (e.g., LPRM Display) shall
provide a manual reset button to perform this action.

The PRM System shall be capable of monitoring its operability and show it external to
the PRM System (i.e., using a discrete output to activate a LED), so that the operator
can visually confirm the PRM System is currently operating.

These functions specified in this section shall be performed by logic in the equipment.

5.1.2. System Initialization Requirements

Whenever power is applied to the PRM equipment, the equipment shall be initialized by
power on reset function.

All trip and alarm outputs shall remain tripped until the initialization process has
completed (about 470ms). After initialization, the trip and alarm outputs shall assume
the states indicated by calculations and bypass settings.

Power on reset function shall also be executed when the power supply low voltage is
detected.
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The module is provided with the power supply monitoring IC, and it executes about

150ms reset action and initial startup of FPGA at the time when the module is energized.

In addition, it executes a reset action also at the time when the power supply voltage
lowers, i.¢. if the power supply low voltage continues to be low, the module shall
remain in initialization state, and keep all trip and alarm outputs tripped.

The PRM System shall be capable of performing run time diagnostics.

5.1.3. Nominal System Setpoints

The PRM trip setpoints shall be adjustable by a technician during equipment
maintenance or an operator during periodical surveillance service. The PRM System
shall support setpoint adjustments of equipment on the front panel. Adjustments shall
include increase and decrease of the setpoint.

Table 5-1 and Table 5-2 show the recommended LPRM and APRM trip setpoints
respectively.

LPRM gain shall be adjusted 400pA.~100% or 2400pA.~100% as long as there is no
special requirements in testing, and shipping.
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Table 5-1. Recommended LPRM trip setpoints

TRIP FUNCTION R%‘ggg“ ACTION SETPOINT TRIP RANGE
Light and
LPRM Upscale -- annunciator 100% 5% to 125%
Light and
LPRM Downscale - annunciator 5% 0% to 10%
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Table 5-2. Recommended APRM trip setpoints

inoperable

REACTOR TRIP POINT
TRIP FUNCTION ACTION
MODE SET VALUE ADJUSTABLE
RANGE
APRM Upscale Only in "RUN"
S 120% 40% to 125%
(High-High) mode cram o o 1o 125%
APRM Upscale Not in "RUN"
Scram 15% 6% to 20%
(High-High) mode ° ° °
Simulated Th | W Clamp: 60% to 125%
imulate erma 0.62 62% .
Power Upscale -- Scram (Max 115%) Slope : 0.40~1.50
Offset: 20% to 125%
Varied with fiowj Clamp: 60% to 125%
APRM Upscale Only in "RUN" Rod Bl : K S .
(High) mode od Bloc 0.62W +55% lope :0.40~1.50
(Max 108) | Offset: 20% to 125%
APRM Upscale Not in "RUN"

(High) mode Rod Block 12% 6% to 20%
APRM Downscale | O™ N IBUN"I - gog plock 2% 2% 10 10%
APRM Inoperable Operative

Scram and Rod
(LPRM bypass - Block LPRM 1410 22
number) Number<14
Simulated Thermal _ Selected Rod o o o
Power Upscale (SRI) Insertion 35% 0% 10 40%
Recirculation Flow Selected Rod o
Downscale (SRI) - Insertion 42% 35% 10 70%
Recirculation Flow - Rod Block 120% 90% to 125%
Upscale
Recirculation Flow . Rod Block _ _
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5.1.3.1.  Response Time Requirements

For the APRM trip signals, Rod withdrawal Block signals, and LPRM signals, the
response times shall be measured as the delay time from an input signal change to the
corresponding output signal change.

“The PRM System shall be capable of transferring data between units.
The actual response time of each module in the PRM System shall be determined during
qualification testing.

| 1. APRM Trip signal
(1) APRM Upscale (High-High)
The response timne, which is measured as the total delay time from a step change of
the LPRM input current to the change of the APRM trip auxiliary unit output, shall
be equal to or less than 40 milliseconds.

The step change shall be made in the following condition:

LPRM input: [ ¥%->[ ¥ step change
LPRM gain : [ 1A/ 100%
APRM gain: [ f'.lethough monitoring range of the APRM level

is 0 to 125%, the APRM module can accept
signals up to 138.9%)
APRM Upscale (High-High) set value: 120%

An expected response time for modules and units shall be as follows:

Item Time
LPRM module [ Tis 2 or less
Transmission between units [ JeGs  or less
APRM module [ Jiis ~orless
DIO module [ Jiis “or less
(APRM trip auxiliary unit) . [ Ims“orless
Total , 40 ms - or less
*1: Transmission from LPRM unit to the LPRM/APRM unit
*2'; Milliseconds

(2) Simulated Thermal Power Upscale

Simulated Thermal Power Level is calculated from APRM output with 6 seconds
time constant delay.

The response time shall be measured by either of the following methods:

a) Method 1
The response time shall be measured as the total delay time from when a step
change is made in the LPRM input current until the APRM trip auxiliary unit
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outputs the Simulated Thermal Power Upscale trip. The response time shall be

equal to or less than[
the following condition.

Tinilliseconds ((  Jiilliseconds* + 40miliseconds**) at

* Time that Simulated Thermal Power, which has[ ]as'ieconds time constant
delay reach TPM Upscale set value at the following condition.

**Time from simulated thermal power reaches TPM Upscale set value to the
change of state of the trip circuit (to RPS).

LPRM input: [ ﬁ:%[ ].7; step change
Time constant: [ Jseconds
LPRM gain: | JiA./100%
APRM gain: [ XAlthough monitoring range of the APRM level
is 0 to 125%, the APRM module can accept
signals up to 138.9%)
TPM Upscale set value: 115%
An expected response time for modules and units shall be as follows:
Item Time '
LPRM module Jms™ or less
Transmission between units = | | Ims“orless
APRM module [ Ims™@orless
DIO module [ Ims“orless
(APRM trip auxiliary unit) [ Ims’orless
Total 40 ms™’ or less

*1: Transmission from the LPRM unit to the LPRM/APRM unit
*2 . Milliseconds

b) Method 2

The response time shall be measured by following 2 steps:

e Stepl
The interval time is measured from when a step change is made in the LPRM
input current until the APRM trip auxiliary unit outputs the APRM Upscale

(High-High) trip. The interval time shall be equal to or less than 40
milliseconds at the following condition:

LPRM input: [ FE ]a%cstep change
Time constant: [ JRecond
LPRM gain: [ 1A./100%
APRM gain: [ I
TPM Upscale set value 115%

o Step2

The interval time is rneasured from when the Simulated Thermal Power Level
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analog output starts rising to the instant when it reaches the 79% level. The
interval time shall be within 6.0+ 0.5 seconds at the following condition:

LPRM input: [ j%cé[ ¥4 step change
Time constant: [ Iseconds e
LPRM gain: [ A ~100%
APRM gain: [ T

. Rod withdrawal block signal

The response time is measured as the total delay time from when a step change is
made in the LPRM input current until the RBM trip auxiliary unit outputs the Rod
withdrawal block trip. The response time shall be equal to or less than 150
milliseconds.

The step change should be made in the following condition:

LPRM input: [ Yol ;%ac step change
LPRM gain: [ A 100%
APRM gain: [

APRM Upscale (High) set value: 108% (in “RUN” mode)
12% (not in “RUN” mode)

The LPRM unit and LPRM/APRM unit response time to the RBM should be:

Item Time
LPRM module ' [ ns * or less
Transmission between units [ Tis™orless
APRM module [ Js™orless
Transmission within unit*2 [ Tis orless
RBM unit transmission *3 [ Tms ' orless
(RBM unit) Tihs™ or less
(RBM trip auxiliary unit) [ Jms™orless
Total ‘ 100 ms * or less

*1: Transmission from LPRM unit to LPRM/APRM unit
*2: Transmission from APRM module to TRN module
*3: Transmission from LPRM/APRM unit to RBM unit
*4: Milliseconds

. LPRM signal

The response time is measured as the total delay time from when a step change is
made in the LPRM input current until the AO module outputs the change. The
response time shall be equal to or less than 100 milliseconds.

The step change should be made in the following condition:
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LPRM input: [ ]%—*[ ]% step change
LPRM Gain : [ Al ]

LPRM analog output signal of the LPRM unit and the LPRM/APRM unit response
time to LPRM analog output signal of Transient Monitor system should be:

Item ' Time

LPRM module [ Jins or less
AO module [ s or less
Total 21 ms or less

5.1.4. Drift and Accuracy Requirements

1. LPRM function
a. The LPRM drift over a period of two weeks shall not exceed £1.0 % full scale
(FS) at control room environmental conditions.
b. The LPRM input-and-output linearity (inaccuracy) shall be within +2.0% FS,
at control room environmental conditions.
Note: 1.FS is from 0% to 125% reactor power.
2. The LPRM drift and linearity are measured from the LPRM input current
to the LPRM output through the AO module.

2. APRM function
a. The APRM drift over a period of two weeks shall not exceed +1.0 %FS at
- control room conditions.
b. The APRM input-and-output hneanty (inaccuracy) shall be within +2.0% FS.
¢. The APRM function shall be so designed that, at control room environmental
" conditions, trip accuracy shall be as follows:
Scram signal:
Within +2.0% FS
Rod withdrawal signals:
Within £3.0% FS (FLOW: 0 to 50%)
Within +2.0% FS (FLOW: 50 to 125%)
d. The trip reset point shall be —1.25% FS below trip set point.

Note: 1.FS is from 0% to 125% reactor power.
2. The APRM drift, linearity and trip accuracy are measured from the LPRM
input current to the APRM output through the AO module.

3. FLOW function

a. The FLOW function shall be so designed that, at control room environmental
conditions, the drift over a period of two weeks shall not exceed 1.0 %FS.

b. The FLOW function shall be so designed that the input-and-output linearity
(inaccuracy) and the trip accuracy at control room environmental conditions is
as follows.

Within £3.0% FS (FLOW: 0 to 50%)
Within +£2.0% FS (FLOW: 50 to 125%)
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c. The trip reset point shall be —1.25% FS below trip set point.

Note: 1.FS is from 0% to 125% recirculation flow.
2. The FLOW drift and linearity are measured from the FLOW unit input
current to the FLOW output through the AO module.

The actual uncertainty of the PRM System shall be determined during qualification

testing and setpoint analysis.

5.1.5. Instrument Modes

The mode switch of the LPRM module shall select the one of the following operation

Performing normal measurement

-Used for LPRM gain calibration and alarm test
-Providing LPRM inoperability signal

-Providing LPRM level signal in the same way as in the
OP mode.

(1) LPRM module
modes.
| | ' a2 OP
‘ b. STAND BY
f c. BYP

-Disconnected from the detector (the detector signal is
ignored, and the detector bias power supply is turned
off). A

-Allowing alarm testing

-Suspending LPRM Upscale alarm and LPRM
Downscale alarm : '
-Providing LPRM inoperability signal.

-Providing LPRM level signal of zero value

-Allowing calibration current input

The APRM module shall exclude the LPRM modules with inoperability signal, i.e. the
LPRM modules that are not in the “OP” mode, from the APRM calculation.

The LPRM module mode switch shall be a key switch.
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(2) APRM module
The mode switch of the APRM module shall select the one of the following operation
modes.

a. OP Performing normal data processing

b. STANDBY  [Providing APRM inoperability signal
Data processing continues in the same way as in the
OP mode.

c. CAL -Allowing APRM gain calibration

-Allowing trip testing .

-Providing APRM inoperability signal
Data processing continues in the same way as in the
OP mode using the injected calibration signal.

APRM inoperable signal shall be provided at the times other than “OP” mode.
The APRM module mode switch shall be a key switch.
(3) FLOW module

The mode switch of the FLOW module shall select the one of the following operation
modes.

a. OP Performing normal measurement

b. CAL1 FLOW [-Allowing trip testing with the total recirculation-flow-rate
values entered from the FLOW unit front panel

-Providing inoperability signal to the LPRM/APRM unit and
other external equipment

-Providing the entered Flow value to the LPRM/APRM unit
and other external equipment.

c. CAL2LOOP |-Allowing checking of the total-flow-rate values entered from
the variable resister of the front panel of the SQ-ROOT
module

-Providing inoperability signal to the LPRM/APRM unit and
other external equipment

-Providing the entered Flow value to the LPRM/APRM unit
and other external equipment.

The FLOW module inoperable signal shall be provided at the times other than “OP”
mode.

The FLOW module mode switch shall be a key switch.
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5.1.6. Failure Detection and Self Test Requirements
The FPGA equipment shall have diagnostic functions as follows:

(a) Monitoring of the Low Voltage Power Supply module
The Low Voltage Power Supply (LVPS) module shall monitor it§ output voltage.
If the voltage of the LVPS becomes lower than the setpoint[ ]%[ :% in either of
the LVPS module, the STATUS module front panel shall provide the indication.

(b) Monitoring Low Voltage Supply for éach module
The LPRM, APRM, SQ-ROOT, FLOW, TRN, RCYV, and STATUS modules shall
monitor the input voltage from the LVPS modules. If the input voltage becomes
lower than the setpoint, the module shall be reset.

(c) Monitoring of the FPGAs with a watchdog
A watchdog timer shall monitor each FPGA that operates periodically. A group of
FPGAs that operates serially may be monitored by[ ]watchdog timer, as long as ]a‘c

the watchdog timer can detect the[ 3 1t af
l the module containing the FPGA shall generate an inoperable signal. The
failure of the[ : Jshall not generate an

inoperable signal, but a Minor Failure Alarm, except for the LPRM module. The
watchdog timers shall be external, and not built into the FPGA logic, nor shall the
watchdog timer depend on the clock signal used by the FPGA. :

(d) [Delete]

(e ) Checking data transmission between units via fiber optic cables
The module receiving data from the other unit shall verify the periodic occurrence
of the data transmissions, and the validity of transmitted data between units over
fiber optic cables. The validity of data shall be verified by parity checks for each
[ Jbit word in the transmitted data frame.

() Checking data transmission from the modules in a same unit
The APRM module shall check the periodic transmission of the data frame from
the TRN modules and the RCV modules in the same unit. If a[ I
occurs, a Minor Failure signal shall be generated.

(g) Checking constants stored in Rewritable ROM
Every Rewritable ROM storing constants used for the signal processing shall
protect its value with parity bits or dual storage. If an error is detected, a Minor
Failure alarm shall be generated.

(h) Checking the voltage of the LPRM High Voltage Power Supply
The LPRM module shall monitor the voltage of the High Voltage Power Supply.
If the voltage becomes lower than the setpoint, the LPRM shall be inoperable.
Inoperable of single LPRM module does not affect the Safety-Related function.

TOSHIBA COFiPORATIDN Nuclear Energy Systems & Services Division
38/134




FPG-RQS-C51-0001 Rev.7

(i) Checking the input value of the SQ-ROOT module

The SQ-ROOT module shall perform range check for the input current value after
digital conversion. If the input current value meets either of the following
conditions, the SQ-ROOT module sh: | output failure mﬁnal

Input Current Value < Setpoint[ % FS (FLOW: [ ko[ :Va .

Input Current Value < Setpoint[ % FS (FLOW: [ Jol ﬁ)

Note: 1. FSis from 0% to 125% recirculation flow.

2. The FLOW drift and linearity are measured from the FLOW umt input current
to the FLOW unit output through the AO module.

5.1.7. Availability/Reliability Requiréments

1.

The overall availability of the PRM units shall be 0.99. An availability calculation
shall be prepared in the manner that conforms to IEEE 352-1987. The availability
analysis shall include random hardware failure rates only for the units and
components that constitute the PRM System.

The availability of the units shall be calculated for the combination of units to be
part of one channel, e.g., 1 LPRM/APRM unit, 2 FLOW units, cables, and the
power supplies.

Each unit shall have an availability goal of 0.99 on the condition that Mean Time To
Repair (MTTR) is 24 hours.

The availability analysis shall include a calculatlon of the surveillance interval
required to support the availability goal for those failures that are only detectable by
periodic surveillance testing. In addition, the availability resulting from 6 months
surveillance intervals shall be calculated.

The mean time between failure (MTBF) of each subcomponent shall be calculated
using the reference given in MIL-HDBK 217F.

A Failure Modes and Effects Analysis (FMEA) shall be performed in accordance
with IEEE Std 352-1987. For each component that constitutes the modules, the
analysis shall evaluate its failure modes and effects on the PRM unit performance.
The FMEA shall also identify the following items:

a. Those faults that will be detected by the run-time diagnostics.
b. Faults that can only be detected by surveillance testing.
¢. For redundant components, e.g., LVPS modules

i) States that result from one or more failures where the system remains
operable as well as where it is not operable.

ii) States where undetected failures have occurred.
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1ii) States where a failure in a single component has caused the PRM System to
fail.
iv) State where failures reduce the effectiveness of self-diagnostics.

5.1.8. Test Circuit Requirements

Any built-in test circuits in a modules or FPGA shall not have adverse effects on the
safety functions of the PRM system.

5.2. Hardware Requirements

5.2.1. Unit Configuration Requirements
5.2.1.1. Assignment of Units for Subsystem

Each APRM channel contains one LPRM unit and one LPRM/APRM unit. Each LPRM
Channel contains two LPRM units. Each Recirculation Flow Measurement channel
contains one FLOW unit. Therefore, the equipment specified in this document
consists of ten LPRM units, six LPRM/APRM units, and four FLOW units.

1. The LPRM/APRM unit has functions of the APRM subsystem, which are receiving
two recirculation flow signals from the two FLOW units, averaging all the LPRM
detector signals in the division to provide the APRM level and the Simulated
Thermal Power Level, and providing appropriate readout and alarms for operator
action or attention.

2. The LPRM unit and the LPRM/APRM unit have functions of the LPRM subsystem,
which are providing local power level information of the reactor core and providing
appropriate readout and alarms for operator action or attention.

3. Each LPRM detector shall be assigned to one LPRM module in an LPRM unit or an
LPRM/APRM unit.

4. The FLOW unit shall provide total recirculation flow information and provide
appropriate readout and alarms for operatof action or attention.

The FLOW unit assignments are described in Section 4.3.

5.2.1.2. Unit Hardware Hierarchy

Modules are placed inside chassis, to form units. Each module contains one or more
Printed Circuit (PC) boards, which mounts FPGAs containing embedded logic. The
logic of the FPGAs is performed by the functional elements, which are discrete
programming elements containing simple logic.
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5.2.1.3. LPRM Unit and Module Configuration

Table 5-3 and 5-4 show module configuration of the LPRM unit.

5.2.1.4. LPRM/APRM Unit Module Configuration

Table 5-5 and 5-6 show module configuration of the LPRM/APRM unit.

5.2.1.5. FLOW Unit and Module Configuration

Table 5-7 and 5-8 show module configuration of the FLOW unit.

5.2.2. Unit Input/Output Requirements

The PRM System consists of the LPRM units, the LPRM/APRM units, and the FLOW
units. The input and output requirements for these units are described in the following.

5.2.2.1. LPRM Unit

The LPRM unit shall have following Analog inputs, Analog outputs, and Discrete
outputs: -

Analog input:
* From LPRM detector
11 LPRM signals for division A:
12 LPRM signals for division B:
Analog output: .
(a) To LPRM/APRM unit digital optical data transmission
11 LPRM signals for APRM channels A, C, E:
12 LPRM signals for APRM channels B, D, F:
LPRM Inoperable information
(b) To Process Computer 0 to 160mV signal for 0 to 125%
LPRM level '
(¢) To Transient Monitor 1 to 5V signal for 0 to 125%
LPRM level
Discrete Output:
+ To trip auxiliary unit
LPRM Upscale OR of 11 or 12 LPRM detector channels
LPRM Downscale OR of 11 or 12 LPRM detector channels
LPRM Inoperable OR of 11 or 12 LPRM detector channels
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5.2.2.2. LPRM/APRM Unit

Analog input:

(a) From LPRM unit digital optical data reception
11 LPRM signals for APRM channels A, C, E:
12 LPRM signals for APRM channels B, D, F:
LPRM Inoperable information

(b) From LPRM detector
10 LPRM signals

(c) From FLOW unit digital optical data reception

Individual Recirculation Flow values
Discrete input:

* From Trip Auxiliary unit
The Reactor Mode signal
The APRM bypass signal
Notice: APRM channels shall be designed to allow bypass one of three
APRM channels that send the trip signals to one RPS division.
2 Flow bypass signals
Analog output:

(a) To Rod Block Monitor digital optical data transmission
LPRM level
APRM level

Simulated Thermal Power Level

(b) To Process Computer 0 to 160mV signal for 0 to 125%
LPRM level
APRM level
Simulated Thermal Power Level
APRM Upscale (High) setpoint
Simulated Thermal Power Upscale setpoint
Selected Recirculation Flow value*

(c) To Transient Monitor 1 to 5V signal for 0 to 125%
LPRM level
APRM level
Selected Recirculation Flow value*

(d) To Recorder 0 to 1V signal for 0 t0125%
APRM level
APRM Upscale (High) setpoint
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Selected Recirculation Flow value*
+ *The lower of the two Recirculation Flow values received from the Flow units.
Discrete output:

(a) To trip auxiliary unit

LPRM Upscale OR of 10 LPRM detector channels
LPRM Downscale OR of 10 LPRM detector channels
LPRM Inoperable OR of 10 LPRM detector channels
APRM Upscale (High-High) Each APRM channel
Simulated Thermal Power Upscale Each APRM channel
APRM Inoperable Each APRM channel
'APRM Upscale (High) Each APRM channel
'APRM Downscale Each APRM channel

LPRM/APRM Unit Minor Failure Each APRM channel
Simulated Thermal Power Upscale Each APRM channel
Simulated Thermal Power Upscale (for SRI)

Each APRM channel
Flow Downscale (SRI) Each APRM channel

5.2.2.3. FLOW Unit

Analog input:
o From the differential pressure transmitters
Individual differential pressure transmitter signals
Discrete input:
e From FLOW bypass switch
FLOW bypass signal

Note: The FLOW unit allows bypassing one of channel A or C, and one of
channel B or D.

Analog output:

(a) To Rod Block Monitor digital optical data transmission
Recirculation Flow value

(b) To Recorder
Loop Flow value 0 to 1V signal for 0 t0125%
Differential Pressure value 0.2 to 1V signal for 4 to 20mA
Recirculation Flow value 0 to 1V signal for 0 t0125%

(c) To Process Computer 0 to 160mV signal for O to full scale |
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Loop Flow value ' 0 to 160mV signal for 0 to125%

Differential Pressure value 32 to 160mV signal for 4 to 20mA

Recirculation Flow value 0 to 160mV signal for 0 t0125%
(d) To LPRM/APRM unit digital optical data transmission

Recirculation Flow value

(e) To Transient Monitor

Loop Flow value 0 to 5V signal for 0 to125%
Differential Pressure value 1 to 5V signal for 4 to 20mA
Recirculation Flow value 0 to 5V signal for 0 t0125%

Discrete output:

(a) To Trip auxiliary unit
Recirculation Flow Upscale
Recirculation Flow Inoperable
Flow Unit Minor Failure

(b) To Rod Block Monitor (digital optical data transmission)
Recirculation Flow inoperable
Flow Bypass

(c) To APRM digital optical data transmission
Recirculation Flow inoperable
Flow Bypass

5.2.2.4 Data transmission through fiber optic cable

The units transmit data through fiber optic cables. The fiber optic transmission has the
following redundant configuration:

i)  The LPRM unit has two optical serial transmission ports to the LPRM/APRM
unit to allow dual transmission.
i) The LPRM/APRM unit has two optical serial transmission ports to two RBM
units, and two serial transmission ports from two FLOW units.
iii) The FLOW unit has five optical serial transmission ports to communicate to
three LPRM/APRM units and two RBM units.

5.2.2.5 Module Configuration of each Unit

The following tables provide the module configurations of each unit. Figure 5-1
shows the FLOW channel and APRM channel configuration of the PRM System.
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Table 5-3. LPRM unit module configuration - Front slot
(for 12 LPRM Detector Signals)

3:'?;:?) Module Name Description

FSL1 LPRM Module LPRM function for LPRM Detector CH 11
FSL2 LPRM Module LPRM function for LPRM Detector CH 12
FSL3 LPRM Module LPRM function for LPRM Detector CH 13
FSL4 LPRM Module LPRM function for LPRM Detector CH 14
FSL5 LPRM Module LPRM function for LPRM Detector CH 15
FSL6 LPRM Module LPRM function for LPRM Detector CH 16
FSL7 LPRM Module LPRM function for LPRM Detector CH 17
FSL8 ' LPRM Module LPRM function for LPRM Detector CH 18
FSL9 LPRM Module LPRM function for LPRM Detector CH 19
FSL10 LPRM Module LPRM function for LPRM Detector CH 20
FSL11 LPRM Module LPRM function for LPRM Detector CH 21
FSL12 LPRM Module LLPRM function for LPRM Detector CH 22
FSL13 BLANK Module Dummy LPRM module (See Section 5.2.3.12)
FSL14 STATUS Module Power-supply-voltage-monitoring status indication
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Table 5-4. LPRM unit module configuration - Back slot

(for 12 LPRM Detector Signals)

SlotID _
(Back) Module Name Description
--- LVPS Module +5V and £15V power supply to each module
iAnalog output of LPRM fevels (Ch. 11 to 22) to the process
BSL AQ Module computer (0 to +160mV / 0 to 125%).
BSL2 -—- Blank panel
iAnalog output of LPRM levels (Ch. 11 to 22) to the Transient
BSL3 AO Module Monitor (+1 to +5V] 0 to 125%).
_IDigital output of LPRM Upscale, Downscale, and Inoperable
BSL4 DIO Module signal by OR of Ch. 11-22 to the trip auxiliary unit
BSL5 --- Blank Panel
BSL6 -—- Blank Panel
BSL7 -~ Blank Panel
Optical data transmission of LPRM level (Ch.11-22),
BSL8 TRN Module Inoperable and LVPS failure information to LPRM/APRM unit
- LVPS Module +5V and +15V power supply to each module
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Table 5-5. LPRM/APRM unit module configuration - Front slot

(Sl!:);r:lt)) . Module Name Description
FSL1 LPRM Module LPRM function for LPRM Detector CH 1
FSL2 LPRM Module LPRM function for LPRM Detector CH 2
FSL3 LPRM Module LPRM function for LPRM Detector CH 3
FSL4 LPRM Module LPRM function for LPRM Detector CH 4
FSL5 LPRM Module LPRM function for LPRM Detector CH 5
FSL6 LPRM Module LPRM function for LPRM Detector CH 6
FSL7 LPRM Module LPRM function for LPRM Detector CH 7
FSL8 LPRM Module LPRM function for LPRM Detector CH 8
FSL9 LPRM Module LPRM function for LPRM Detector CH 9
FSL10 LPRM Module LPRM function for LPRM Detector CH 10
FSL11 IAPRM Module IAPRM function
FSL13 - Blank Panel
FSL14 STATUS Module sthttﬁ Sr?:]:girég?ir; :;z.itys, power-supply-voltage-monitoring
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Table 5-6. LPRM/APRM unit module configuration - Back slot

slot ID
(Back)

Module Name

Description

LVPS Module

+5V and 15V power supply to each module

BSL1

AO Module

Analog outputs of LPRM levels (Ch. 1 to 10), APRM level,
APRM Upscale (High) setpoint, Simulated Thermal Power
level, and Simulated Thermal Power Upscale setpoint to the
process computer (0 to 160mV [/ 0 to 125%)

BSL2

AO Module

Analog outputs of APRM level and APRM Upscale (High)
setpoint to the recorder (0 to +1V/ 0 to 125%)

BSL3

AO Module

/Analog outputs of LPRM levels (Ch. 1 to 10) and APRM level
to the Transient Monitor (1 to +5V [ 0 to 125%)

BSL4

DIO Module

Digital outputs of LPRM Upscale, Downscale, Inoperable, and
various APRM trip signals to the trip auxiliary unit

Digital inputs of reactor mode and APRM bypass signal.

BSL5

RCV Module

Optical data reception of the recirculation flow values from the|
FLOW units

Optical data reception of LPRM levels (Ch. 11 to 22),
Inoperable, and LVPS failure information from the LPRM unit

BSL6

Blank panel

BSL7

Blank panel

BSL8

'TRN Module

Optical data transmission of LPRM level (Ch. 1 to 22), APRM
level, Recirculation FLOW values, Simulated Thermal Power
level, APRM Upscale (High) setpoint and Simulated Thermal
Power Upscale setpoint to RBM unit

LVPS Module

+5V and £15V power supply to each module
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Table 5-7. FLOW unit module configuration - Front slot

Slot ID (Front)

" Module Name

Description

Blank Panel

Blank Panel

Blank Panel

Blank Panel

Blank Panel

Blank Panel

Blank Panel

Biank Panel

Blank Panel

SQ-ROOT Module

Square root arithmetic function for Loop “a”

SQ-ROOT Module

Square root arithmetic function to Loop “b”

FLOW Module

Recirculation-flow calculation, trip and alarm
functions

STATUS Module

FLOW unit status indication function
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Table 5-8. FLOW unit module configuration - Back slot

Siot ID

(Back) Module Name Description
PSSL1 LVPS Module +5V and +15V power supply to each module
BSL1 AQ Module iAnalog outputs to the process computer.
BSL2 AO Module Analog outputs to the recorders.
BSL3 AO Module iAnalog outputs to the transient monitor.
BSL4 DIO Module Digital outputs of the trip signals to the trip auxiliary unit.

Digital input of Bypass signal.

BSL5 Blank -
BSL6 Blank -~
BSL7 TRN Module Optical serial transmission to RBM unit
BSL8 TRN Module Optical serial transmission to APRM unit
PSSL2 LVPS Module +5V and +15V power supply each module
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5.2.3. Module Requirements
5.2.3.1 General

All modules/units shall meet or support the general requircménts described in Section
5.2.1and 5.2.2.

The following sections describe the requirements for each module type.
5.2.3.2 LPRM module

The LPRM module generates LPRM level, which is proportional to the neutron flux
level.

The LPRM module shall be capable of accepting a 0 to 3 mA current signal from the
detector, and convert the electric current signal to the voltage signal. Then, the LPRM
module shall apply a low pass filter for anti-aliasing and high frequency noise rejection
to the voltage signal. The low pass filter has the following characteristics:

Type: R
Stopband: [ JWz+[ B

The filtered voltage signal is converted to a digital value, a moving average digital filter
shall be applied to eliminate the power supply noise. The digital filter has the
following characteristics:

Passband: [ ]ia{ccz

Passband Fluctuation: [ 1dB e

Stopband: above[ JHz

Stopband Attenuation: more than[ EIE% ae
more than[ JdB forl 1Hz

Number of Samples for averaged group; [ T

Sampling Cycle: [ Imicroseconds

Output Cycle: [ IJmiliseconds

LPRM gain compensations shall be provided for each LPRM input. It shall be
possible to enter simulated “LPRM gain” value manually from the LPRM module front

panel, where LPRM gain is LPRM detector current at 100% power (40 to 2400pA).
Full design input range of the LPRM current shall be 0 to 125%.

The LPRM module shall supply power to the LPRM detectors at least 3 mA at 100
VDC.

The LPRM module shall be designed to generate the following signals:

(a) LPRM level
LPRM level signals are transmitted to the APRM module.

TOSHIBA CORPORATION Nuclear Energy Systems & Services Division

52/134




FPG-RQS-C51-0001 Rev.7

(b) LPRM Upscale
The LPRM module shall be designed to provide an upscale alarm when the
LPRM level exceeds the user defined setpoint.
The setpoint shall be adjustable over the range corresponding to the 5.0% up
to 125.0% flux.

(c) LPRM Downscale
The LPRM module shall be designed to provide a downscale alarm when the

LPRM level falls below user defined setpoint.
The setpoint shall be adjustable over the range 0f 0.0 to 10.0% flux.

(d) LPRM inoperable signal
The LPRM module shall generate the LPRM inoperable signal if any of the
~ following occur:
¢ The operation mode is not “OP”
The LPRM module is being initialized
One or more FPGAs halt
An error detected in the memory storing LPRM gain value

High voltage power supply fails

The LPRM module front panel shall display following signals:

.a LPRM level
b LPRM Upscale
¢ LPRM Downscale
d LPRM Inoperable

‘When the LPRM module mode switch is in the “OP” position, the followmg,
minimum, shall be displayed when requested by the user:

a [Delete]
b The LPRM gain
¢ High Voltage monitoring value, Input current monitoring value

d Alarm setpoints

When the LPRM module mode switch is not in the “OP” position, the following; as

minimum, shall be displayed when requested by the user:

a Apply the LPRM gain adjustments
b Alarm trip checks (LPRM alarm outputs)

The operation clock of LPRM module is[ PMHz.
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5.2.3.3 APRM module

The APRM module receives data from the LPRM modules mounted in the same
LPRM/APRM unit through the TRN module, and from the LPRM modules mounted in the
LPRM unit, as well as the FLOW modules through the RCV module.

The dual electrical communication links are used in the data transmission from the TRN
and RCV modules. The link consists of the primary link and the secondary link. The
APRM module receives data though the primary link usually, and when the primary link is
marked as failed, the APRM module uses the secondary link.

The APRM module shall ven'fy that the periodic data transmissions occur in the electrical
communication links to determine if the links are failed. In addition, for each data
transmission over the fiber optic cables, the APRM module receives alarms from the RCV
module if a failure occurs, and uses this alarm to determine if the links are failed.

The APRM module calculates the APRM level in the reactor core based on the LPRM
levels.

If the APRM level exceeds setpoints, the APRM module generates trip signals
corresponding to each setpoint.

APRM module shall be designed to generate the folowing signals:

(a) APRM level
The APRM module shall calculate the APRM level using the following formula:

> LPRM _level,
APRM _level = =" — x APRM _ GAIN
LPRM _ COUNT
Where,
APRM_level: Average power level 0.0-125.0%
LPRM_level;: i-the LPRM level 0.0-125.0%
APRM_GAIN: APRM gain 1.00 - 3.00

LPRM_COUNT: Number of operable LPRM modules. The APRM
module calculates this value from each LPRM
inoperable signal.

The APRM gain shall be adjusted by entering the APRM gain value manually
from the APRM module front panel.

The APRM level and the APRM_GAIN shall be displayed on the APRM module
front panel if requested.

(b) Simulated Thermal Power Level
The APRM module shall calculate the Simulated Thermal Power Level of the
reactor core as the first order lag of the APRM level by applying 0.00 - 9.99
second time constant. The time constant can be set with a rotary switch and
shalil be stored in the dual storage.
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The Simulated Thermal Power Level and the time constant shall be displayed on
the APRM module front panel if requested. :

(¢) Average Power Level for APRM Upscale (High)
The APRM module shall calculate the Average Neutron Flux for APRM Upscale
(High) alarm as the first order lag of the APRM level by applying 0.00 - 9.99
second time constant. The time constant can be set with a rotary switch and
shall be stored in the dual storage.

(d) Flow biased Simulated Thermal Power Upscale Setpoint

The flow biased Simulated Thermal Power Upscale sctpomt shall be calculated as

follows:

Simulated Thermal Power Upscale Setpoint = (Slope X Flow) + Offset

Where,
Slope o Slope of the Power/Flow level line, 0.40 - 1.50
Flow Recirculation flow, 0.0 - 125.0% (The lower of the
two Flow values received from the two FLOW units.
Offset flux offset at zero flow, 20.0 to 125.0%

When the calculated Simulated Thermal Power Upscale setpoint exceeds 115%,
the setpoint is clamped to 115%.

The slope, offset, and the clamp value shall be displayed on the APRM module
front panel if requested.

(e) Flow biased APRM Upscale (High) Setpoint
‘When the reactor mode switch is in the “RUN” position, the flow biased APRM
Upscale (High) shall be calculated as follows:

APRM Upscale (High) Setpoint = (Slope X Flow) + Offset

‘Where,
Slope Slope of the Power/Flow level line, 0.40 to 1.50
Flow Recirculation flow, 0.0 - 125.0%
Offset flux offset at zero flow 20.0 to 125.0%

When the calculated APRM Upscale (High) setpoint exceeds 108%, the setpoint
clamped to 108%.
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®

(g

(h)

®

Thc slope, offset, and the clamp value shall be displayed in the APRM module
front panel if requested.

APRM Upscale (High-High)

The APRM module shall be designed to provide an APRM Upscale (High-High)
trip signal to the RPS when the APRM level exceeds the user defined setpoint.
There are two setpoints depending on the position of the reactor mode switch.
One setpoint shall be adjustable over the range of 40.0 to 125.0% APRM level
when the reactor mode switch is in the “RUN” position.

The other setpoint shall be adjustable over the range of 6.0 to 20.0% APRM level,
when the reactor mode switch is not in the “RUN” position.

Both setpoints shall be displayed on the APRM module front panel if requested.

Simulated Thermal Power Upscale

The APRM module shall be designed to provide an Simulated Thermal Power
Upscale trip signal to the RPS when the Simulated Thermal Power Level exceeds
the setpoint described in (d) of this section.

APRM Upscale (High)

The APRM module shall be designed to generate an APRM Upscale (High)alarm
signal intended to be used as a rod block when the APRM level exceeds the
APRM Upscale (High) setpoint described in (e) and the reactor mode switch is in
the “RUN” position.

The APRM Upscale (High) alarm signal is generated when APRM level exceeds
the user defined setpoint and the reactor mode switch in not in the “RUN”
position. The alarm setpoint shall be adjustable over the range of 6.0 to 20.0%
APRM level.

APRM Downscale
The APRM module shall be designed to generate a downscale alarm signal
intended to be used as a rod block when the APRM level falls below a user

defined setpoint.
The alarm setpoint shall be adjustable over the range of 2.0 to 10.0% APRM

level.
The setpoint shall be displayed on the APRM module front panel if requested.

APRM Inoperable
The APRM module shall provide an inoperable trip signal to the RPS when any

of the following conditions occur:

One or more signal processing FPGAs halt

The APRM module’s mode switch is not in the “OP” position
The APRM module is being initialized

The number of operable LPRM modules is less than the set value

o op
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“The minimum number of LPRM modules” set value shall be displayed on the
APRM module front panel if requested.

(k) SRI Simulated Thermal Power Upscale
The APRM module shall be designed to generate a SRI Thermal Power Upscale
Trip signal intended to be used as a Selected Rod Insertion signal when the
Simulated Thermal Power Level exceeds a user defined setpoint.
The alarm setpoint shall be adjustable over the range of 0.0 to 40.0% thermal
power.

The setpoint shall be displayed on the APRM module front panel if requested.

(1) SRIRecirculation Flow Downscale
The APRM module shall be designed to genereate a SRI Recirculation Flow
Downscale Trip signal to be used as a Selected Rod Insertion signal when the
Recirculation Flow value falls below a user defined setpoint.
The alarm setpoint shall be adjustable over the range of 35.0 to 70.0% flow.

The setpoint shall be displayed on the APRM module front panel if requested.

(m) APRM Minor Failure
The APRM module shall generate a Minor Failure alarm when any one of the
following conditions occur:

a. An error is detected in the EEROM storing the APRM gain.

b. A time-out error i1s detected in the data transmission from the TRN
module.

c. A time-out error is detected in the data transmission from the ILPRM
units.

d. A time-out error is detected in the data transmission from the FLOW
units.

€. One or more Human Machine Interface (HMI) FPGAs halt.

The APRM module front panel shall display the following signals:

e Trip and Alarm signals of (f), (g), (h), (1), (), (k), (1), and (m)

o Chronological order of an APRM Upscale (High-High) trip and a Simulated
Thermal Power Upscale trip

e Reactor mode switch status, i.e. if the mode switch is in “RUN” position

When the APRM module mode switch is in the “CAL” position, the following, as a
minimum, shall be made available when requested by the user:

e APRM gain adjustment
e Trip and Alarm checks
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o Setting of trip setpoints
The operation clock of APRM module is[ MHz.

5.2.3.4 SQ-ROOT module

The SQ-ROOT module calculates the recirculation loop flow from the differential
pressure value obtained from the differential pressure transmitter.
The SQ-ROOT module shall provide at least 20mA at 24 VDC to the differential

pressure transmitter.
The SQ-ROOT module shall be designed to generate the following signals:

(a) Differential Pressure Value
The SQ-ROOT module shall receive a 4-20 mA differential pressure signal from
the differential pressure transmitter, and applying the analog-to-digital converter
and the first order lag filter. The time constant of the filter is adjustable in the range
0.00 - 9.99 seconds.

- (b) Loop Flow Value
The SQ-ROOT module shall calculate the recirculation loop flow from the filtered
differential pressure value as follows:

Flow=125.0x_|AP—1)
' i

Where,
Flow: Loop Flow Value. It is normahzed in the range 0 to 125%
AP:  Differential Pressure Value calculated in (a)
Ib Offset corresponding to 4mA input signal
If Constant corresponding to 16mA input signal

(c) Input signal low alarm
The SQ-ROOT module shall generate the input signal low alarm if the d1fferent1a1
pressure value calculated in (a) falls below the setpomt '

(d) SQ-ROOT inoperable signal
The SQ-ROOT module shall generate the inoperable signal if the following occur:

¢ Input signal low alarm is generated
¢ One or more signal processing FPGAs halt

(e) SQ-ROOT Minor Failure alarm
The SQ-ROOT module shall generate the Minor Failure alarm if the HMI FPGA

halts.

The SQ-ROOT module front panel shall display the following signals.

TOSHIBA CORPORATION Nuclear Energy Systems & Services Division

58/134




FPG-RQS-C51-0001 Rev.7

Differential pressure value
Loop Flow value
Operation mode
Inoperable signal

Minor failure signal alarm

It shall be possible to enter simulated differential pressure signals to the SQ-ROOT

The operation clock of SQ-ROOT module is[ MHz.

5.2.3.5 FLOW module

The FLOW module computes a recirculation flow value from the two SQ-ROOT
modules, one of which measures the recirculation loop A, and the other of which
measures the recirculation loop B. The range of the recirculation flow value is O to
125%. The computed total recirculation flow value is transmitted to the LPRM/APRM
units and the RBM units. When the recirculation flow value exceeds the setpoint, the
FLOW module shall generate the recirculation flow value high alarm.

(a) Recirculation flow value

| The FLOW module shall calculate the total recirculation flow value using the

following equation:

FLOW= (Flow-A + Flow-B) X FLOW GAIN

Where,

. FLOW
Flow-A
Flow-B

|
|
module for calibration.
FLOW GAIN

Recirculation flow value
Loop-A flow value
Loop-B flow value

Gain 0.5 to 2.0

(b) Recirculation Flow Upscale _
The Flow module generates the recirculation flow upscale alarm when the total
recirculation flow rate exceeds the user defined setpoint.
The setpoint shall be adjustable over the range of 90.0 to 125.0% flow.

(c) Recirculation Flow Inoperable ,
The FLOW module shall provide the recircuration flow inoperable signal if any
of the following conditions occur: .
e The FLOW module mode switch is not in the “OP” position.
e Either of the SQ-ROOT modules is inoperable.
e One or more signal processing FPGAs halt.

(d) FLOW module Minor Failure alarm

\\
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The FLOW module shall provide the FLOW module Minor Failure alarm if any
of the following occur:

e HMI FPGA halts

o Either of the SQ-ROOT modules emits the Minor Failure alarm

e A time-out error is detected in the transmission from either of the
SQ-ROOT modules.

The FLOW module front panel display shall display the following signals:

Total flow rate value ( see (a).)
Bypass status

Operation mode

Inoperable signal (see (c).)
Minor failure alarm ( see (d).)

The operation clock of the FLOW module id IMHz.

5.2.3.6 AO module

The AO module hEIS up to 16 analog output ports. The AO module receives digital data

from the unit middle plane, converts the digital data to analog data. Photo couplers and
isolated-type DC/DC converters isolate the unit from the output ports.

There are eight types of AO modules:
5.2.3.6.1 AO module 1

This type of the AO module shall be mounted in the LPRM unit, and provide the analog
signals to Process Computer as described in Section 5.2.2.1.

5.2.3.6.2 AO module 2

This type of the AO module shall be mounted in the LPRM/APRM unit, and provide the
analog signals to Process Computer as described in Section 5.2.2.2.

5.2.3.6.3 AO module 3

This type of the AO module shall be mounted in the LPRM/APRM unit, and provide the
analog signals to Recorder as described in Section 5.2.2.2.

- 5.2.3.6.4 AO module4

This type of the AO module shall be mounted in the LPRM Unit, and provide the analog
signals to Transient Monitor as described in Section 5.2.2.1.
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5.2.3.6.5 AO module5

This type of the AO module shall be mounted in the LPRM/APRM unit, and provide the
analog signal to Transient Monitor as described in Section 5.2.2.2.

5.2.3.6.6 AO module6

This type of AO module shall be mounted in the FLOW unit, and provide the analog
signal to Process Computer as described in Section 5.2.2.3.

5.2.3.6.7 AO module7

This type of AO module shall be mounted in the FLOW unit, and provide the analog
signal to Transient Monitor as described in Section 5.2.2.3.

5.2.3.6.8 AO module8

This type of AO module shall be mounted in the FLOW unit, and provide the analog
signal to Recorder as described in Section 5.2.2.3.

5.2.3.7 DIO module

The discrete input and output module has 16 output ports and 4 input ports. The DIO
module receives discrete signals from the unit middle plane in the unit and transmit
them to external equipment, and receives discrete signals from external equipment.
Photo couplers isolate the unit and other modules from the outpﬁt and input ports.
There are two types of the DIO module.

5.2.3.7.1 DIO module 1

This type of the DIO module is mounted in the LPRM unit, and provides the discrete
outputs described in Section 5.2.2.1 to the trip auxiliary unit.

5.2.3.7.2 DIO module 2

This type of the DIO module is mounted in the LPRM/APRM unit, and provides the
discrete outputs to the trip auxiliary unit, and receives discrete inputs as described in
Section 5.2.2.2.

5.2.3.7.3 DIO module 3
This type of the DIO module is mounted in the FLOW unit, and provides the discrete

outputs to the trip auxiliary unit, and receives discrete inputs as described in Section
5.2.2.3.
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5.2.3.8 TRN module

The TRN module collects digital signals from other modules in the unit, multiplexes
them in the defined frame format, and transmits the frame to the LPRM/APRM unit or
external equipment through the fiber optical cables. The TRN modules are mounted in
the FLOW unit and APRM units.

Each TRN module has two separate, independent data processing paths. Each of the
data processing paths has two outward communication links, transmitting identical data.
One of the links is used as the primary, and the other is used as the secondary.

The TRN module has the two watchdog timers that monitors the periodic operation of
the FPGAs. If the watchdog timer detects the failure of the FPGAs, the front panel
LED shall light for each data processing path.

The operation clock of TRN module is [:S/HIZ

The TRN module has three operatlonal modes corresponding to the unit type on Wthh
it is mounted.

5.2.3.8.1 In the LPRM unit

The TRN module collects LPRM levels and the LPRM inoperable signals, and
transmits them to the LPRM/APRM unit as described in Section 5.2.2.1.

5.2.3.8.2 In the LPRM/APRM unit

When the TRN module is mounted in the LPRM/APRM unit, it has following two
functions:
¢ The TRN module collects the LPRM levels and the LPRM moperable signals
from the LPRM modules in the LPRM/APRM unit, and transmits them to the
APRM module over the middle plane wiring.
¢ The TRN module collects signals and transmits them to the. Rod Block Monitor as
described in Section 5.2.2.2.

5.2.3.8.3 In the FLOW Unit

The TRN module collects signals and transmits them to the LPRM/APRM unit as
described in Section 5.2.2.3.

5.2.3.9 RCV module

The RCV module is mounted in the LPRM/APRM unit. The RCV module receives
the data from the TRN modules in the LPRM unit, and provides them to the APRM
module.
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An RCV module has four separate, independent optical receivers, each of which receives
serial data at 1 megabit per second (Mbps) every[ ]amﬂhseconds from a TRN module by
a one way fiber optic cable. The RCV module sends the received data in the same frame

format over the copper lines inside the unit.

The RCV module checks for the periodic data transmission through each fiber, optic cable.
If the RCV module fails to receive the three consecutive data frame for]  Imillisecond
per cycle ( Tmlhsecond cycle time plus some margin), the RCV module marks the link
failed.

The RCV module checks for the parity bit on every[ ]blt word in the received data through
each fiber optic cable.

The RCV module has one watchdog timer that monitors the periodic operation of the '
FPGAs. The watchdog timer detects a failure of the FPGAs.

The operation clock of RCV module is[ ]lachHz

5.2.3.10 LVPS module

The LVPS module supplies +5VDC,=+15VDC to the other modules in the unit.

5.2.3.11 STATUS module

The STATUS module displays the status of other modules on the front panel There are
two types for LPRM unit, LPRM/APRM unit and FLOW unit. :

The STATUS module has a watchdog timer that monitors the periodic operation of its
HMIFPGA. If the watchdog timer detects the failure of the FPGA, it shall be
indicated on the front panel.

The operation clock of STATUS module is [f\h{z
5.2.3.11.1 STATUS module 1

This type of the STATUS module is mounted in the LPRM/APRM unit and display the
followings:

- LVPS alarm Indicate that either of the LVPS module fails

- Fail ' Indicate if either of the LVPS module fails, or any one of the
LPRM or FLOW module fails, or the FPGA of the STATUS
module halts.

- LINE status Status of the following data transmission:
(a) From the TRN module in the LPRM/APRM unit to the

APRM module

(b) From the LPRM unit to the LPRM/APRM unit
(c) From the FLOW units to the LPRM/APRM unit
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(a) and (b) are dual transmission.
5.2.3.11.2 STATUS module 2

This type of the STATUS module is mounted in the LPRM or FLOW units, and display
the followings:

-~ LVPS alarm Indicate that either of LVPS module fails
- Fail Indicate if the FPGA. of the STATUS module halts, or both of
the LVPS module fail.

5.2.3.12 BLANK Module

The BLANK module shall be mounted in the LPRM unit or the LPRM/APRM unit as a
dummy LPRM module. The BLANK module provides the mock normal signals for
the LPRM Inoperable signal, the LPRM Upscale alarm, and the LPRM Downscale
alarm, in order to prevent false alarms, because the LPRM or LPRM/APRM unit
generates an alarm by ORing all LPRM modules and the BLANK modules for those
alarms.

5.2.4. General Design

5.2.4.1 Chassis Requirements

Chassis that are used as the enclosure of the units must be suitable for mounting in a
standard 19 inch rack, and must have adequate strength and provide positive hold down
for the modules. Chassis are fixed in the rack with 4 screws in the front side and 8
screws in the backside. The torque to tighten the screws in the front side is 2.6 - 3.4 N-
m, in the backside is 1.3 - 1.7 N-m.

Outline dimension 177 mm Height
(Excluding protrusion) 482.6mm = Wide
4408 mm = Depth

Weight 19 kg or
(Excluding built-in) less
Material Aluminum

The use of extender is permitted and, if needed, shall be included as part of the
qualification testing.

The side plate of chassis must have sufficient strength and to meet seismic requirements
specified in Section 5.5.2.

5.2.4.2 System Cables and Connectors
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1. The PRM System shall include all cabling and wiring necessary to connect and
operate the units (and the system).

2. All cables and connectors shall not contain any polyvinylchloride (PV.C).
3. [Delete]

4. All cables shall be suitable for UL Class 2 service. Specifically, withstand rating
shall be more than 3 times the signal level voltage or 150 volts.

5. Temperature rating shall be 60°C or greater.

5.2.4.3 Data Retention Capability Requirements

Any EEPROM used for field modifiable constants shall be capable of at least 100,000
write cycles.

5.2.4.4 Transferring information between modules in the same unit

1. Each unit of the PRM System shall be capable of transferring information between
modules in the same unit.

2. Failures of other units shall not defeat the concerned unit’s capability to transfer data
in the concerned umnit.

3. Loss of power to one module shall not defeat the capability of other modules in the
same unit.

4. [Delete]
5. Surge withstand capability shall be included as given in Section 5.5.4.

5.2.4.5 Grounding/Shielding Requirements

The PRM System shall meet IEEE 1050 and EPRI TR-102323 grounding requirements.
This includes supporting connection to single point, multi-point and floating ground
systems, and providing a ground connection point on each chassis.

The PRM System shall meet IEEE 1050 and R.G. 1.180 shielding requirements. This
includes providing shielding connection points for the I/O module field terminations.

5.2.4.6 Termination Requirements

Features shall be provided to substitute test signals or monitoring instruments for field
connections. ‘

Any connectors and terminations to the units shall be included in qualification testing.

5.2.4.7 Requirements for the power supply lines
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Varistors and noise filters shall be inserted in the power supply lines of each LPRM,
I LPRM/APRM, and FLOW unit as provisions for surge withstand. Following varistors
and noise filters shall be applied:

e  Varistor (between line for AC connection and ground): [ ],
i [ Jor the equivalent one.
ﬂ e  Varistor (between neutral for AC connection and ground){ ]?'c
| Jor the equivalent one.
| _
E e Varistor (between line and neutral for AC comnnection):[ 1"
| [ ]or the equivalent one.
e Noise Filter (between line and neutral for AC connection){ Jor
( the equivalent one. :

5.3 Software Requirements

1. The baseline configuration of the qualified units shall be controlled by NED itself.
I All moduies and units shall be marked with an identifier that includes revision level.-

2. The Software integrity level required for the safety—related functions of the units
shall be integrity level 4.

3. FPGA based units application loglc shall be designed in VHDL, which is a hardware
description language.
4. Application logic shall be modular in structure and shall employ structured
| programming.
5. The loglc capacity of FPGA shall be suﬁicient to execute application logic.

6. The application logic contained in the FPGA shall not be rewritable. Therefore,
non-rewritable FPGA type shall be used. '

7. Aslong as the system is normal, the non-rewritable FPGA shall retain the loglc
8. NICSD shall specify the FPGA availability.
9

. Functional Elements (FE) shall be used to program the FPGA. Only FEs that are
I - completely tested (by exhaustive pattern testing), shall be used in the FPGA design.

10. Any memory used for field modifiable constants shall be capable of at least 100,000
write cycles.

] 11. The application logic shall provide the features required for the satisfactory system
performance.

12. The self-test function shall determine the specific failures of any module within the
system for its replacement.

13. Verification and Validation Requirements:

A. NICSD shall have a V&V Plan for the PRM logic design.
B. NICSD shall take a life cycle approach to PRM logic design development, with
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14.

15.

16.

17.

18.

19.

20.

21.

V&YV activities performed throughout the life cycle.

C. The PRM logic design requirements shall be documented to be reviewable for
completeness, correctness and consistency.

D. NICSD shall provide traceability of software requirements throughout the life
cycle.

E. There shall be both functional and structural testing of the PRM logic design.

F. NED shall evaluate the NICSD’s V&V program plan against the following
documents:

(1) Section 5.3.4 of IEEE Standard 7-4.3.2
(2) IEEE Standard 1012
(3) NED’s V&V Plan

G. If NICSD’s V&YV processes do not meet requirements applicable to Nuclear
Power Plants, then compensatory measures shall be implemented.

Commercial digital equipment shall be controlled in accordance with applicable
commercial grade dedication process.

Software tools shall be identified within the logic design development process.
V&YV tasks of witnessing, reviewing, and testing are not required for software tools,
but are provided for the software that is produced using the tools is subject to V&V
activities that will detect flaws introduced by the tools. Software tools shall be
identified and controlled under configuration management.

Digital equipment qualification testing shall be performed with each required
functions and each diagnostic functions as specified in Section 5.1.6.

The test and calibration as specified in Section 5.1.6 shall not adversely affect the
ability which the digital equipment performs its safety function as specified in
Section 4.1.2.

Data communication between units or with other safety and non-safety systems shall
not inhibit the performance of the safety function as specified in 4.1.2.

The PRM System application logic shall be developed to meet all software
standards and codes in accordance with the design process specified in the Software
Quality Assurance Plan (SQAP).

NICSD shall ensure upward compatibility, maintain the same or enhanced level of
rigor in the processes.

NICSD shall ensure to maintain continuously the same versions of software tools, or
capability to reconstruct same functionality with the revised tools.

5.4 Design Life

The design goal of the qualified life for the system shall be 15 years, considering

The material and equipment selection for the system components are based on a 15 year
design life, with appropriate provisions for maintenance and replacement. Reparability
is enhanced by the modular design of PRM electronic equipment. Channel redundancy
and bypass capabilities are provided in PRM design; hence, failed components can be
replaced with little or no effect on system operation.
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The safety-related components are repaired or replaced as they fail but completed within
the times allowed by the plant Technical Specifications. All PRM instruments (not
including sensors) in the Main Control Room are designed such that they can be
maintained, tested and calibrated during normal plant operation without the adverse
plant shutdown or scram. ‘

| A periodic surveillance and maintenance interval shall be determined per IEEE Std 323
to account for any significant aging mechanisms.
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5.5 Environmental Conditions
5.5.1 Environmental Requirements

The PRM System shall not only operate within the normal environmental condition in
the located area, but also within the abnormal environmental conditions of anticipated
transients and accidents, in order to preserve the safety system functions.

The PRM System will be located in a mild environment such as the main control room,

so only mild environment condition is considered in this specification. Table 5-1
shows the environmental conditions. '

Table 5-1 Environmental Conditions

Normal Environmental Abnormal Environmental
Temperature Range | 16 to 40°C 4 to 50°C
Humidity Range 40 to 95% 10t0 95%
(non-condensing) (non-condensing)
Radiation Exposure* | Up to 10Gy Up to 10Gy

EPRI TR-107330 requirements

* Section 6.3 (Table 6.6) of EPRI TR-100516, Nuclear Power Plant Equipment
Qualification Reference Manual, provides a basis for the specified 1 kRAD or 10 Gy
radiation exposure level. Section 6.3 of EPRI TR-100516 further defines the 1 kRAD
exposure level as the gatnma 40-year dose from normal/abnormal service
(approximately 2.9 millirem per hour). In this specification, SI units should be used.

So here, 10 Gy radiation exposures is shown.

Radiation exposure is a rate phenomena, so the difference of the exposure rate will
cause the different aging effects on the test specimen even if the integral doses were the
same. However, the radiation exposure rate as shown in TR-100516 is too low to
simulate the condition at the qualification testing.

The higher-level exposure rate will cause the severer aging effects to the test specimen.
So the higher level exposure rate will provide the safety side simulation of the radiation
aging. Hence we provide only the integral exposure level here, because the exposure
times in any realistic qualification tests are shorter than 40 year.

 The environmental qualification shall follow the requirement of RG 1.89 and IEEE Std
323 to assure that the instrument is able to complete its safety function under the those
conditions of Table 5-1.

PRM units shall operate for the temperature/humidity profile given in Fi gufe 5-2.
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4 Hours Minimum

60°C, 90% Relative Humidity

Operability Check

Stabilize Conditions
AMBIENT i
_ N perability Checl/! \\
- 4°C, 5% Relative Humidity
Operability Check

i
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i
i
i
i
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i
i

8 Hours Minimum

Figure 5-2 Temperature and Humidity Profile
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5.5.2 Seismic Requirements

The PRM safety-related equipment shall be designed to operate during and after seismic
events.

The qualification shall be implemented in accordance with the requirements of IEEE
Std 344 and RG 1.29. The PRM System shall be suitable for qualification as a
Category 1 Seismic device. The PRM System shall meet performance requirements
during and after exposure to the Operating Basis Earthquake (OBE) and the Safe
Shutdown Earthquake (SSE) levels (Figure 5-3).
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Figure 5-3 Requirement Response Spectrum
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5.5.3 EMI/RFI Requirements

| The PRM units shall be design to minimize susceptibility to, and generation of the
electromagnetic interference (EMI) and radio frequency interference (RFI).

| The PRM units shall be subjected to test for EMI/RFI conditions that conform to the
guidelines given in RG 1.180.

‘When subjected to this level of EMI/RFI, any PRM unit shall continue to function as
follows:

a. The transfer of I/O data shall not be disrupted.
b. The emissions shall not cause the discrete I/O to change state.
i c. Analog I/O levels shall not vary more than 2 %.

‘ For convenience, Figure 5-4 through 5-10 has been reproduced in this document from
original RG 1.180 requirement, therefore it is required to consult the originals when
these tests are executed.

5.5.3.1 Low-Frequency Conducted Susceptibility Testing got AC Power Leads
(CS101)

The PRM units shall not be susceptibie to a test signal with levels as specified in Figure
5-4 that complies with RG. 1.180 Section 4.1.1. This test is performed for evaluating the
conducted electromagnetic transients injected on power input leads over a frequency
range from 30 Hz to 150 kHz. This test shall be performed in accordance with
MIL-STD-461E, CS101.

150

T

#1
[
#2
1267 | : \L

1
|__ Voltage source:

~over 28V:#1 v
*not over 28V :#2 ”
90 — “

g0 L LI 1 LI

1.00E+01 1.00E+02 1.00E+03 1.00E+04 1.00E+05 1.00E+06
Frequency(Hz)

N iedab bt 1065

¥ 96.5

Figure 5-4 Low-Frequency Conducted Susceptibility Operating Envelopes
(R.G. 1.180 CS101)
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5.5.3.2 High-Frequency Conducted Susceptibility Testing for AC Power Leads
(CS114)

The PRM units shall not be susceptible to a test signal with levels as specified in Figure
5-5 that complies with R.G. 1.180 Section 4.1.2. This test is performed for evaluating
the conducted electromagnetic transients injected on power input leads over a frequency
range from 10 kHz to 30 MHz. This test shall be performed in accordance with
MIL-STD-461E, CS114.
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Figure 5-5 High-Frequency Conducted Susceptibility Operating Envelopes for
Power Leads (R.G.1.180 CS114)

5.5.3.3 High Frequency Conducted Susceptibility Testing for Signal Cable (CS114,
CS115, CS116)

The PRM units shall be designed to withstand radio frequency interference coupled
onto the instrument cabling, and shall be tested by following the measurement
procedure CS114, CS115 and CS116 of MIL-STD-461E to meet the requirement of
being subjected to a test signal levels 91dBuA (frequency range from 10 kHz to 30
MHz) (CS114), 2A (CS115) and 5A(frequency range from 10kHz to 100MHz)(CS116).

5.5.3.4 Radiated Susceptibility, Magnetic Fields (RS101)

The PRM instruments shall not be susceptible to the electromagnetic field levels as
specified in Figure5-6 that complies with R.G.1.180 Section 4.3.1. This test is
performed in the frequency range of 30 Hz to 100 kHz. This test shall be performed in
accordance with the MIL-STD-461E RS101.
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Figure 5-6 Low-Frequency Radiated Susceptibility Envelopes (R.G.1.180 RS101)

5.5.35 Radiated'Susceptibility, Electric Fields (RS103)

The PRM instruments shall not be susceptible to the electromagnetic field strength of 10
V/m. This test shall be performed at frequency range of 30 MHz to 1 GHz. This test
shall be performed in accordance with MIL-STD-461E, RS103. ’

5.5.3.6 Low-Frequency Conducted Emissions (CE101)

The PRM units shall not be susceptible to the electromagnetic emissions specified in
Figure5-7 that complies with R.G.-1.180 Section 3.1. This test shall be performed at the
frequency from 30Hz to 10kHz. This test shall be performed in accordance with
MIL-STD-461E, CE101.
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Figure 5-7Low-Frequency Emissions Envelopes (R.G.1.180 CE101)

5.5.3.7 High-Frequency Conducted Emissions (CE102)

The high-frequency conducted emissions from the PRM units on power leads shall be
tested. Conducted emissions on power leads should not exceed the applicable values
shown in Figure5-8 that complies with R.G.1.180 Section 3.2. This test shall be
performed at the frequency from 10kHz to 2MHz. This test shall be performed in
accordance with MIL-STD-461E, CE102.
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Figure 5-8 High-Frequency Conducted Emissions Envelopes(RG 1.180)

(R.G.1.180 CE102)
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5.5.3.8 Radiated Emissions, Magnetic Field (RE101)

The radiated magnetic field emissions from the PRM units shall be tested. Magnetic
field emissions should not be radiated in excess of the levels shown in Figure 5-9 that
complies with R.G.1.180 Section 3.3. This test shall be performed at the frequency from
30Hz to 100kHz. This test shall be performed in accordance with MIL-STD-461E,
REI101.
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Figure 5-9 Magnetic-Field Radiated Emissions Envelope (R.G.1.180 RE101)

5.5.3.9 Radiated Emissions, Electric Fields (RE102)

The radiated electric field emissions from PRM units shall be tested. Electric field
emissions should not be radiated in excess of the rms values shown in Figure 5-10 that
complies with R.G.1.180 Section 3.4. This test shall be performed at the frequency from
2MHz to 1000MHz. This test shall be performed in accordance with MIL-STD-461E,
RE102.
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Figure 5-10Electric-Field Radiated Emissions Envelopes (RG 1.180 RE102)

5.5.4 Surge Withstand Capability Requirements

The PRM instruments shall be qualified to withstand surge voltages from switching and
lightning effects as specified in IEC61000-4-5 and IEC61000-4-12. Low exposure level
of R.G 1.180 shall be applied.

The withstand level shall be as follows:
A. Surge (Ring Wave) (RG1.180 rev. 1. --IEC 61000-4-12.)

Limits (Applied peak voltage)

e Voltage = 2 k'V: for secondary or derived power distribution systems

e Voltage = 4 kV: for primary power connected to external lines

e Voltage = 2 kV: for shields and ground leads connected to remote (> 30 m)
grounds

Pulse Shape
e 100 kHz, ring wave (0.5 ps rise time, 10 us pulse width)

‘Number of tests
e At least five positive and five negative at the selected points

B. Surge (Combination Wave) (RG1.180 rev.1. -- IEC 61000-4-5, severity level:
Level 3, Level 4 (Cables that connect to external))

Limits (Applied peak voltage)
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¢ Voltage = £2kV : for secondary or derived power distribution systems

¢ Voltage = £4kV : for primary power connected to external lines

e Voltage = *2kV : for shields and ground leads connected to remote (> 30 m)
grounds

Pulse Shape

o Impulse of 1.2 us (=30 %) rise time, 50 ps pulse width, open circuit, double
exponential

e Impulse of 8 ps (20 %) rise time, 20 us pulse width, short circuit, double
exponential

Number of tests
o At least five positive and five negative at the selected points

' Surges withstand capability shall include surge applied to following points, if exist:
A. Between line and neutral for AC connections to the power supplies.
B. Between line and AC ground for AC connections to the power supplies.
C. Between neutral and AC ground for AC connections to the power supplies.

Applying the specified level of surge to the specified points does not damage any other
module or device or cause disruption of the operation that could result in a loss of the
safety-related function. '

If there is more than one module or input that are the same type of modules or inputs,
surges can be applied to only one representative module for each type.

5.5.5 EFT/B Withstand Requirements

The PRM instruments shall be qualified to perform when they are subjected to repetitive
Electrically-Fast Transient/Burst(EFI/B) as specified in JEC61000-4-4 on supply, signal
or control lines.

The withstand level shall be as follows:

A. EFT/B Level (Section C 5.3 of RG 1.180 rev.1-- IEC 61000-4-4, severity level:

Level 3, Level4.)

Limits (Applied peak voltage)

e Voltage = +2kV : for secondary or derived power distribution systems (Level
3)

e Voltage = +4kV : for primary power connected to external lines (Level 4)

s Voltage = +2kV : for shields and ground leads connected to remote (> 30 m)
grounds (Level 3)

Pulse Shape
e Impulse of 5 ns (=30 %) rise time, 50 ns pulse width, double exponential
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Repetition

» Repetition rate = 5 kHz (+2 kVp-p), 2.5 kHz (4 kVp-p)
e Burst duration = 15 ms

o Burst period = 300 ms

EFT/B pulses shall be applied to following points, if exist:
A. Between line and neutral for AC connections to the power supplies.

B. Between line and AC ground for AC connections to the power supplies.
C. Between neutral and AC ground for AC connections to the power supplies.

5.5.6 ESD Withstand Requirements

The PRM instruments shall be qualified to cope with electrostatic discharges at a

severity of Level 4 as specified in IEC 61000-4-2. (EPRI TR-107330 Section 4.3.8. and

EPRI TR-102323, Appendix B, Section 3.5).

The withstand level shall be as folows:

A. ESD Level (IEC 61000-4-2 Level 4)
Pulse Wave Shape:  Specified as current output from 150pF storage capacitor

through a 330 ohm discharge resistance into a specific load
defined in each Referenced standard

Pulse Rise Time: Equal or less than 1 ns
Pulse Decay Time:  Approximately 30 ns at 50% height

Pulse Amplitude: Specified as charge voltage to simulator. For uncontrolled
ambient temperature, pressure, and humidity

Air discharge: +15kV
Contact discharge:  +8kV

Pulse repetition: Apply minimum of ten simulations for each polarity at
each test point while the digital system is operating

Relative Humidity: Between 30%RH and 60%RH
Test Points should be selected on the basis of accessibility during operation.

Subjecting the PRM equipment to this level of ESD shall not disrupt operation or cause
any damage.
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5.5.7 lIsolation Requirements

1. Isolation capability of Class 1E/Non-Class 1E is shown at least 600VAC and 250
VDC applied for 30 seconds. Applying a signal within the specified range for the
time shall not disrupt the operation of any other module. AO modules connected to
non-class 1E equipment shall be qualified under.the condition specified in Section
55.1.

2. The group-to-group isolation of DIO module shall be shown at least 40 volts peak,
which means that applying this level to an input shall not disrupt operation or cause
any damage of any other input channel on the module.

3. TRN modules shall be isolated to non-class 1E equipment through the one way fiber
optic cable. '

5.5.8 Power Supply

The power supply to the PRM System shall be from 120VAC class 1E uninterrupted
power sources and Low Exposure levels described in R.G. 1.180 Section 5.

The PRM System shall operate for AC source range of 90 to 150 VAC and frequency
range of 57 to 63 Hz (EPRI TR-107330 Section 4.6.1).

Sources shall be capable of supplying 1.2 times bus loading for a fully loaded main
chassis. '

The supply modules shall operate over the temperature and humidity range given in
Section 5.5.1.

Each PRM unit has the two LVPS modules that operate in parallel. Each LVPS module
- has enough capacity to supply power to all modules mounted in the chassis.

During Hold up time for AC power sources (40 msec), digital I/Os shall not change and
the change of analog I/Os shall be within 5% of full scale (EPRI TR-107330 Section
4.6.1). .

Failure of one of the redundant power supplies for more than 2 msec shall not cause the
discrete I/O to change state, the analog ¥/O signals shall not change more than 5%, and
the application logic shall continue to opérate.

Redundant power supply modules shall be protected so that undervoltage and

overvoltage, shorts to ground, and other faults in one power supply do not prevent
operation of the alternate power supply.

5.5.9 (delete)

5.6 Classification
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The PRM Units are classified as safety-related. The PRM units shall be designed to
meet all requirements of IEEE Std 603.

5.7 (Delete)
5.8 Maintenance Requirements

1. Corrective maintenance of any hardware component shall not be required more
frequently than every 14 days over the entire design life.

2. Repair of equipment shall normally be accomplished by simple modular
replacement in the field as specified in Section 5.2.4.6.

3. No activity associated with expected maintenance or repair of the equipment shall
prevent any plant safety or protection system from fulfilling its required function. In
addition, the systems shall be designed to permit expected maintenance, to the
greatest extent practical, while the plant is on power.

4. The PRM safety-related instruments shall be designed to allow periodic testing and
calibration in accordance with the requirements of IEEE Std 338.

5. The module shall be designed for easy access of removal and installation.

6. The design baseline of the qualified units shall be maintained as NED own
activities.

7. The information necessary to fulfill tasks specified in Item 6 above shall be obtained
from NICSD.

5.9 Design Method

Equipment shall be designed accordance with this requirement specification.

5.10Material requirements

If any hazardous materials are used as part of the system equipment, then Material Data
Sheets (MDSs) shall be provided for these materials.

5.11 Requirements for Third Party/Sub-Vendor liems

All items provided by sub-vendors or third parties shall be subjected to all applicable
requirements and tests. Compatibility of operation with the FPGA-based unit shall be
demonstrated through tests.

6 Fabrication Requirements

The PRM System is a safety-related system. Therefore, the design and fabrication of the
PRM System shall satisfy this specification and the required codes and standards stated
herein.
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The design and fabrication of the PRM System shall be made in accordance with the
requirements of the US Nuclear Regulations and the Toshiba Corporation, Power
Systems Company, Nuclear Energy (PSNE) QA Program.
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7 Test Requirements

This section describes the test requirements for the PRM System. The Test Specimen
Requirements are specified in 7.3.1.

The following tests shall be performed:

° Unit and Module Tests

. Pre-Qualification Tests
. Qualification Tests

Before performing the tests, detailed test procedures shall be issued.
In addition to these tests, the system validation testing shall be performed For the
system validation testing, refer to.the V&V Plan.

7.1 Unit and Module Test

Unit and Module test shall be performed by NICSD to prov1de evidence that the units
meet the design requirements.

Unit test shall include the following:
A. Visual and Dimensional Inspection
] The dimension of the module and unit shall be inspected to verify that they are

fabricated in accordance with the applicable drawings.

B. Insulation Resistance test
Insulation resistance of the units shall be measured before the withstand voltage test.

C. [deleted]

D. FPGA Tests
All FPGAs shall be tested adequately to verify their functions.

E. Performance Test
The module and unit shall be tested to verify their pcrformance which meets the
requirements in the applicable requirements specification. .

| 7.2 Pre-Qualification Test and Test Requirements

This section describes the requirements for the pre-qualification test that are performed
as the first category of the qualification test, to demonstrate that the Test Specimen
| operates as intended, and provides a baseline for the qualification test.
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This test shall be performed before the qualification test in order to ensure the
correct operation of the system and to provide baseline performance data on
operation of the Test Specimen.

The following tests are performed as pre-qualification test and generally described
in7.2.1.

System Set-up and Check-out Test
Burn-in Test

Operability Test

Prudency Test

Power Quality Tolerance Test

moNwp

| 7.2.1 Pre-Qualification Test

This test shall include the following items:
More detail explanation for item D is shown in section 7.2.2 and for item E is shown in
7.2.3.

A. System Set-up and Check-out Test

Wiring Inspection

All wiring shall be inspected through a point-to-point continuity check per
Electrical Cable Wiring Diagram (ECWD). All errors or omissions shall be
corrected before proceeding with further testing. Incorrect wiring shall be
completely removed from the test system.

Initial Calibration .

Units shall be calibrated to National Institute of Standards and Technology (NIST)
traceable source. The AS LEFT data is used as a baseline for qualification testing.
The acceptance criteria are that the equipment accuracy meets the requiremnents
specified in Section 5.1.4.

] System Integration
The system integration testing portion of the V&V phase in the digital system life

| cycle shall be performed during system validation testing. The acceptance criteria
for these tests shall be based on the requirements specification for the test specimen
specified in Section 4.1.2.
Setpoint variation test shall also be performed during system testing. The
acceptance criteria for setpoint variation shall be in accordance with Section 5.1.3.

B. Bum-in Test
A minimum 352 hours burn-in test shall be performed on the Test Specimen. The
objective of this test is to detect any early hardware failures that might otherwise
impact the subsequent qualification test activities. The acceptance criteria are that
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Test Specimen shall pass the operability test following the burn-in test. If any
failure occur, the failed component shall be replaced and the replaced, items shall
be burned in and retested.

Operability Test

The operability test and its requirement is described in Section 7.2.2. The
operability test shall be performed during pre-qualification test, and during
qualification test as described in Section 7.2.4.

This test establishes the Test Specimen baseline performance and verifies the
suitability of the operability test procedure to be used for later qualification test.

Prudency Test

The prudency test and its requirement is described in Section 7.2.3. The
prudency test shall be performed during pre-qualification test, and during
qualification test as described in Section 7.2.4.

This test establishes the Test Specimen baseline performance and verifies the
suitability of the prudency test procedure to be used for later qualification test.

Power Quality Tolerance Test

Power guality tolerance test to the given input voltage and frequency range shall be
performed during pre-qualification test, and during qualification test. The power
source requirements are given in Section 5.5.8.

In addition, the testing shall include the decreasing the source voltage to meet the
minimum voltage requirement specified in Section 5.5.8.

Redundant power supply module shall be tested with the same AC power supply
connected to both modules during the testing in accordance with Section 5.5.8.

7.2.2 Operability Test Requirements

Operability test shall cover the following items:

A. Accuracy

Accuracy checks shall be performed for safety-related functions defined in
Section 4.1.2 for analog inputs and outputs.

Minimum five point linearity checks shall be made on the analog inputs and
outputs. The test shall be performed on at least one channel of each type of
analog inputs and /outputs in the qualification envelope.

Trip accuracy and trip reset accuracy shall be checked on the DIO module. The
test shall be performed on at least one channel of each type of DIO module in the
qualification envelope. '

The acceptance criterion is to meet the requirements given in Section 5.1.4.

B. Response Time

The response time between receiving an analog input and generating a digital
output for safety-related functions, and the response time between receiving a
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digital input and generating a digital output for safety-related functions defined
| in Section 4.1.2 shall be measured in such a way that the repeatable results can

be obtained. The acceptance criteria are that the measured response time for the

baseline testing shall be equal to or less than the response time given in 5.1.3.1.

C. Discrete Input Operability
The discrete inputs shall be tested for their ability to detect changes for
I safety-related functions defined in Section 4.1.2. These tests shall be
performed on at least one channel of each type of discrete input module. The
acceptance criteria is that the operational modes of safety-related functions
’ shown in Section 4.1.2 shall be changed according to discrete input within the
unit and module requirements given in Section 5.2.2.2 and 5.2.2.3.

D. Discrete Output Operability
The discrete output for safety-related functions defined in Section 4.1.2 shall be
tested for their ability. The test shall be performed on at least one channel of each
‘ type of discrete output in the qualification envelope. The acceptance criteria are
that the discrete output of safety-related function which is shown in Section 4.1.2
shall be changed within the unit and module requirements given in Section
| 5.2.2.1,5.2.2.2,and 5.2.2.3.

E. Failure Detection and Self Test
The functions to detect failures shall be tested. The acceptance criteria for
detecting the failure shall meet the requirements of Section 5.1.6 (except (), (f),
(g)- These functions should be qualified by vendor.)

F. Loss of Power Test

The AC power source shall be shut off for at least 30 seconds and reapplied. The

acceptance criteria are that all output for safety-related functions shown in
Section 4.1.2 shall turn to the power off default and power on default states and
normal operation shall resume after the restoration of power.

G.. Power Interruption Test
The AC power source shall be interrupted for 40ms.
The acceptance criteria are that the Discrete Outputs for safety-related functions
as shown in Section 4.1.2 shall not change, and the PRM System shall not be
reset.

7.2.3 Prudency Test Requirements

This test shall be applied as specified in Section 7.2.4. The prudency test shall include
the following tests: -

A. Burst of Events Test
This test consists of simultaneous actions as follows:
(1) Simultaneously toggling all +24V discrete inputs at 1 second =+ 10% interval
(if sampling interval of PRM modules is shorter than 0.1sec, interval for
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toggling is 1 second =+ one sampling interval) for at least one minute.

(2) Simultaneously driving all inputs from 0 to 125% at 1 Hz £10% interval (if
sampling interval of the PRM System is shorter than 0.1sec, interval should be
1 Hz % one sampling interval) for at least one minute.

The acceptance criteria are that the:
Response time for safety-related functions complies with the requirements shown in
Section 4.1.2 during the Burst of Events Test.

B. [Deleted]
C. [Deleted]

D. Fault Simulation Test

Failure of one of the redundant LVPS module shall be simulated. The system
successfully detects the failure (using self-diagrosis) and transfers to another LVPS
module, and continues normal operation. The acceptance criteria are follows:

1. Trips for the safety-related functions as shown in Section 4.1.2 do not occur.
2. The discrete outputs of the safety-related functions in Section 4.1.2 do not

change.

3. The analog outputs of safety-related functions in Section 4.1.2 do not change

more than 5%.

Note that this item is same as Item E of Section 7.2.2 applied for the Section

5.1.6 Item (b).

7.2.4 Operability and Prudency Test Applicability

The operability test of Section 7.2.2 and prudency test of Section 7.2.3 shall be
performed at the points given in the following table.

Test Condition Operability Test Prudency Test
Pre-qualification test All All
. . All
Environmental test All (At th'e points shown in (At end of high temp/RH
Figure 5-1)

only)

Post SSE All None
Performance-Proof All All

test

7.3 Qualification Tests

This section describes the qualification tests to be performed on the test specimen. The
[ following two categories of qualification tests shall be performed:
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D

)

7.3.

Qualification Tests

Qualification Tests for Environmental test and post SSE test shall be performed in
order to confirm that the Test Specimen meet the requirements provided in this
ERS. In addition, these tests shall be performed to operate of the Test Specimen
under the subjected stress conditions.

Qualification Tests shall be performed on the Test Specimen after successfully
performing the pre-qualification Test. ' {
The following tests are performed as part of the Qualification Tests:

A. System Set-up and Check-out Test
* This test is performed before the each step at B through H. If the test location
is changed, this test is performed prior to any new test.
Environmental Test -
Seismic Test
(Resonance Search Test and tri-axial Seismic Withstand Test)
EMI / RFI Test
Surge Withstand Test
EFT/B Test
ESD Test
Class 1E to Non-Class 1E Isolation Test

aw

QT ED

Performance-Proof Test
This test shall be performed on the qualification tested Test System as a final
demonstration of acceptable system performance.

' The following tests are performed as part of the performance-proof tests:

A. System Set-up and Check-out Test
B. Operability Test
C. Prudency Test

1 Test Specimen Requirements

7.3.1.1 Test Specimen Hardware Configuration and Arrangement Requirements

The hardware configuration of the Test Specimen shall conform to the PRM System
configuration specified in Section 5.2.1. The Test Specimen is a part of the PRM
System; the Test Specimen includes one LPRM/APRM Unit, one LPRM Unit, and one
FLOW unit. LPRM unit shall include 12 LPRM modules.

7.3.1.2 Test Specimen Software Requirements
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The Test Specimen shall include the FPGAs in which the application logic have been
embedded.

7.3.1.3 Test Support Equipment Requirements

I The test support equipment to support test shall be provided in accordance with EPRI
TR-107330 Section 6.2.3.
The supporting equipment included is:

e Panels or other devices for connecting to the inputs and outputs, which contains
| procedures for connecting, simulating inputs and monitoring outputs.
e Test and measurement equipment shall have the accuracy needed to support the test
acceptance criteria.
e Any special tools and devices needed to support testing.
e All test equipments shall be controlled per IEEE 498.

In addition, the following requirements shall be met.

o Relays used in the Test Equipment that generates the simulated output signals to
the RPS shall comply with the relay requirements shown in Section 4.3.1.

o Input signal specification for relays used in the Test Equipment that generates the
simulated output signals to the RPS shall comply with the output signal
specification for DIO module shown in Section 5.2.3.1.

7.3.2 Qualification Tests and Analysis requirements
Qualification tests shall be performed as described in the following sections.
All testing shall be performed on the calibrated PRM System with setpoint values

adjusted to nominal values.

7.3.2.1 Aging Requirements

The following tests represent the aging factors that the PRM System will be exposed to
during qualification tests: ’

(1) Environmental (Abnormal Temperature and Humidity)
(2) Seismic

3) EMI/RFI
(4)  Surge Withstand
(5) ESD

(6) EFT/B Test

The environmental test must be performed before the other tests. The order of the
other five tests is permutable.
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7.3.2.2 EMI/RFI Test Requirements

EMI/RFI test shall be performed to the level and for the emission types specified in
Section 5.5.3.

The acceptance criteria are specified in Section 5.5.3.

If the Test Specimen does not satisfy the acceptance criteria for each test in the
application of the specified level, the reduced susceptibility tests shall be additionally
performed.

7.3.2.3 EMI/RFI Test Mounting Requirements

Test Specimen shall be connected to ground. The grounding used for these tests shall
meet grounding and shielding requirements specified in Section 5.2.4.5.

7.3.2.4 Environmental Test Requirements

Environmental test shall be performed to the environmental withstand requirements
given in Section 5.5.1 to assure that the PRM System does not have fail its performance
due to service conditions of temperature and humidity.

Abnormal environmental test shall be performed using the profile given in Flgure 5-2
with power supply that maximum dissipate heat into the PRM System.

7.3.2.4.1 Environmental Test Mounting Requirements

The Test Specimen shall be mounted in the environmental chamber on a simple
structured rack that does not enclose the chassis. The environmental air shall be
monitored at the bottom of the chassis. No additional cooling fan should be included
in the chamber. :

7.3.2.5 Seismic Test Requirements

The Test Specimen shall meet its performance requirements for the seismic loads
specified in Section 5.5.2. All seismic tests shall conform to IEEE Std 344.  Tri-axial,
random, multi-frequency shakmg table shall be used for seismic withstand capability.

The vibration aging shall use the five OBEs with the Required Response Spectrum
(RRS) as shown in Figure 5-3 followed by an SSE with the RRS as shown in Figure
5-3.

7.3.2.5.1 Seismic Test Mounting Requirements
The Test Specimen shall be mounted on a structure that shall be stiff enough so that

there are no resonances below 100Hz with the Test Specimen mounted on it. Each unit
should be fixed to the shaking table.
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7.3.2.6 Seismic Test Measurement Requirements

The relay contact monitor shall be connected to all relay output channels in the Test
Specimen. During seismic test, the relay contacts should be capable of changing state
from energized to de-energized and de-energized to energized. Any spurious change
of state should be not exceeding 2 milliseconds for both energized and de-energized
relays.

In addition to the control accelerometer, one or more response accelerometer for Test
Specimen shall be mounted on each chassis (the Test Specimen consist of four chassis).
The additional accelerometers shall be located to establish the maximum acceleration
that occurs in each chassis.

7.3.2.6.1 Seismic Test Performance Requirements
The following tests shall be performed in the order shown:

(1) Resonance Search
(2) Five tri axial OBEs
(3) Atri-axial SSE

(4) Operability Test

7.3.2.6.2 Seismic Test Spectrum Analysis Requirements

In addition to reporting the test response spectrum from the control and specimen
response accelerometers at the damping given in Figure 5-3 (5%), the spectrum is also
reported for 1/2, 1, 2 and 3% damping.

7.3.2.7 Surge Withstand Capability Test Requirements

Surge withstand capability test shall be performed per the requirement of Section 5.5.4.
The surge shall be applied to the points indicated in that section. For the AO module
and the DIO module, the surge needs to be applied to representative points for a given
type of module. The test shall be conducted in accordance with IEC61000-4-5 and
IEC61000-4-12. '

7.3.2.7.1 Surge Withstand Capability Test Mounting Requirements

The Test Specimen shall be connected to ground. The grounding and shielding shall
meet requirements specified in Section 5.2.4.5.

7.3.2.8 Class 1E to Non-Class 1E Isolation Test Requirements

Class IE to Non-Class 1E isolation capability test shall be performed per requirements
specified in Section 5.5.7. The test only needs to be applied to representative points
for AO modul, DIO module, and TRN modules.
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7.3.2.8.1 Class 1E to Non-Class 1E Isolation Test Mounting Requirements

The Test Specimen shall be connected to ground. The grounding and shielding shall
meet the requirements specified in Section 5.2.4.5.

7.3.2.9 EFT/B Test Requirements

EFT/B withstand capability test shall be performed per the requirements of Section
5.5.5. For the AO module and the DIO module, the EFT/B test needs to be applied to
representative points for a given type of module. The test shall be conducted in
accordance with IEC61000-4-4.

7.3.2.10 ESD Test Requirements

ESD test shall be performed to assure that the Test Specimen does not fail due to service
condition for the ESD level specified in Section 5.5.6. The Test Specimen shall be
connected to ground.. The grounding and shielding shall meet requirements specified
in Section 5.2.4.5. :

The acceptance criteria following application of the ESD are given in Section 5.5.6.

7.3.2.10.1 ESD Test Mounting Requirements

Test Specimen shall be connected to ground. The grounding and shielding shall meet
the requirements specified in Section 5.2.4.5.

7.3.2.11 Power Quality Tolerance Requirements

The power source requirements are listed in Section 5.5.8. Power Quality Tolerance test
to the input voltage range given in Section 5.5.8 shall be performed (1) during the
system validation test, (2) at the end of the elevated temperature in the environmental
test while the Test Specimen is still at high temperature, and (3) after the Seismic test.
The test shall include reducing the source to a level sufficient to test the requirement per
Section 7.2.1.

Redundant power supply module shall be tested with the same AC power supply
connected to both modules during the test.

7.3.3 Requirements for Compliance to Specifications

The Test Plan shall define the acceptance criteria of the Qualification Test conforming
to the requirements in Section 6.4.4 of EPRI TR-107330.

8 Packaging and Shipping

Packaging and shipping shall be in accordance with ANSIN45.2.2 Level A.
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8.1 Packaging Requirements

Packing requirements shall be provided by NICSD. Requirements shall include:

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

b. Packagingssha]l include desiccant materials as required.

c. Items shall be inspected for cleanliness prior to packaging. Items 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 handling or storage requirements shall be marked on the containers.

E @ ot A

8.2 Shipping Requirements

Shipping requirements shall be provided by NICSD. Requirements shall include use of
fully enclosed vehicles, special handling and stacking instructions as necessary, and
container markings and protective covers.

The means of transportation shall be consistent with the protection classification of the
_ item and with the packaging methods employed.

Transportation shall be by use of fully enclosed vehicles from reputable shipping firms
to minimize the possibility of theft and vandalism during shipment of items.

Where special care is deemed necessary to avert damage, written instructions covering
the located and stacking limit of the crates or boxes on the transport vehicle shall be
specified; these shall be marked on the container.

Identification and marking on the outside of packages shall be maintained during
shipping.

8.3 Storage Requirements
Storage shall be in accordance with ANSIN45.2.2 Level A.

Storage requirements shall be provided for all items by the manufacturer. Requirements
for storage shall include temperature, humidity, and any static control requirements.
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9 Documentation Requirements

9.1 Equipment Documentation Requirements
The following documents shall be prepared.

9.1.1 Equipment General Overview Documentation

The system documentation shall include an overview of the generally qualified the
PRM System. The overview should include the Equipment Design Specification and the
Electrical Cable Wiring Diagram.

The Equipment Design Specification shall include the following information:
A. Description of the equipment structure
B. [Deleted]
C. Installation information
1. Any variations in mounting.
2. Information on torques to use for any mounting screws.
3. Any requirements or limitations on the structure on which the PRM System
can be mounted on, including space and clearance requirements
4. Any limitations on distance between the equipment and other components.
5. Requirements and specification for any user-supplied hardware required for
mounting and connection to the PRM System.
6. Any special handling restriction while installing the units and modules.
7. Grounding and shielding requirements
D. Handling and storage requirements
E. A description of the self-diagnostics and redundancy features.

The Electrical Cable Wiring Diagram (ECWD) shall include information on the types of
the interconnections to be used between units based on Figure4-1.

9.1.2 (Deleted)

9.1.3 Users Manual
The Users Manuals shall include the following information:

A. Information on the operation of the units
¢ Significance of any status indication
e Any special procedures that should be used for operation
e  The use of any switches or controls that are part of a module
o  Operation and use of any redundancy feature included in the units

B. Information on the maintenance of the modules and the units

e  Any hardware configuration item for each module
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¢ Information for calibration

e Information for troubleshooting

e Information for maintenance
(Measuring and Test Equipment connection,)

¢ Information for preventive maintenance
(i.e. air filter cleanliness, terminations checks power supply checks, and
instrument ground checks)

o [Deleted]

e Trouble shooting, errors, and self-diagnostics messages

9.2 Final Documentation Requirements

All documentations supporting the qualification of the PRM System shall be provided.
The requirements for documents to define and record the qualification process include
programmatic items to meet Sections 4 and 8 of IEEE Std 323 plus the technical items
and acceptance criteria. The items that are to be covered in the documentation are given
in the following Subsections.

9.2.1 Programmatic Documentation.
The following items are required to document all aspects of the qualification process.
A. Master Test plan that include:

. Pre-Qualification test plan

. Environmental qualification test plan

. Seismic qualification test plan

. Surge withstand capability qualification test plan

. Class 1E to Non-1E isolation qualification test plan
. EMI/RFI qualification test plan

EFT/B test plan

ESD test plan

Test Performance proof test plan

NoR-CIEN I- NV N PO

B. Following test procedures :

1. System Set-up and Check-out test procedure

2. Burn-in test procedure

3. Operability Test procedure

4. Prudency test procedure

5. Environmental test procedure

6. Seismic test procedure

7. Surge withstand capability test procedure

8. Class 1E to Non-Class 1E isolation test procedure
9. EMI/RFI test procedure

10. ESD test procedure
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C. Testreport

Test report shall include reports that correspond to each of the plans described in
item A.

Report on all audits
Report on all audits shall include the findings and observations from the audits,
and document the closure of any open issues resulting from the audits.

Reports on design evaluations
Reports on design evaluations shall address requirements that cannot be reasonably
addressed by test.

9.2.2 Technical ltems

| The documentation of technical items is used to establish and document the Test
Specimen, describe the environmental conditions to be tested, design life determination,
and pre-aging requirement.

This ERS includes following technical items:

oWy

Test specimen requirements

Test specimen purchasing records

Test specimen documentation, see Section 9.2.6,9.2.7,9.2.8,9.2.9, 9.2.10
Test document per Section 9.2.11

9.2.3 Application Guide

The Application Guide shall describe the qualification envelop in detail, and provide all
of the configuration information needed for guidance in applying the FPGA-based Units
to the PRM System.

Application Guide shall include:

| A

| C

The results of the environmental operability tests shall be evaluated and the
performance measurements and other suitable information used to describe the
qualification envelope for accuracy, response time, and etc. The sufficient detail
information to permit comparing the test results to the needs of the particular safety
system shall be described. .
The applied seismic level from the test response spectrum where the PRM System
met the requirements per Section 5.5.2 shall be reported as the seismic withstand
capability. The seismic withstand capability shall be reported for all damping value
used in the test data analysis. The spectrum for the Test Specimen accelerometers
as well as the control accelerometers shall be included.

The Class 1E to Non-Class 1E isolation level used in the test shall be reported as
the qualification value for this parameter.

TOSHIBA CORPORATION RNuclear Energy Systems & Services Division
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The surge withstand capability level used in the test shall be reported as the
qualification value for this parameter.

The performance of the PRM System during EMI/RFI test shall be reported for all
test levels including the performance of each unit.

The actnal variation of the PRM System performance during power supply quality
test shall be included.

A complete description of the PRM System configuration and detail test
configuration of each module shall be provided.

The configuration information shall include mounting, grounding, and shielding
methods used during the tests.

The summary of the FMEA and availability analysis shall be included for each unit
in the qualification shall be provided.

Setpoint analysis support information produced per Section 5.1.3.

Information from the surveys and audits of the manufacturer’s process that are
applicable to future purchasing shall be included.

A description of the redundancy features included in the qualification.

A description of external devices applied by the qualification or needed to meet
any requirement applicable to the qualified equipment.

A description of the configuration management

[Deleted]

Any special practical mounting methods that were used to meet the seismic
requirements.

A definition of qualification envelops for specific modules that are different from
the overall envelope.

A description of any application hardware or software features that are assumed in

order to meet qualification requirements.

9.2.4 Supporting Analyses Documentation

An FMEA report that is specific to the qualified PRM shall be provided.

An Availability/Reliability Analyses report that is specific to the PRM
configuration shall be provided.

The analysis includes the basis for values used in the analysis including the nse of

operating experience (if used).

9.2.5 V&V Documentation

The following documents are needed to support the V&V process and related software

quality processes.

A. Unit and Module specification
B. FPGA specifications

C. Software V&V plan

D. Software V&YV report

E. Users Manuals

9.2.6 Test System Description

TOSHIBA CORPORATION Nuclear Energy Systems & Services Division
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The Equipment Design Specification describes the Test Specimen hardware and
software shall be provided. The contents should be similar to that of the hardware
design description.

9.2.7 Ciritical Characteristics

The Preliminary Technical Evaluation Report shall include a definition of the critical
characteristics covered by the qualification Test Specimen and qualification test
including pre-qualification test.

9.2.8 Test System Drawing

“

As part of the generic qualification, a set of documents sufficient to define the Test
Specimen shall be provided.

The document shall include:

A. Electrical Cable Wiring Diagram containing a schematic of the Test Specimen,
including the external devices to create inputs of the PRM and capture outputs of
the PRM, and Test Specimen wiring, power distribution and grounding

B. Layout of Test Specimen chassis and qualification test fixtures

C. Test Specimen mounting and mounting fixtures, including special installation
requirement.

9.2.9 System Software/Hardware Configuration Document

Software and hardware configuration used for pre-qualification and qualification test
shall be documented. This includes:

A. The identification and revision of the application logic
B. The serial numbers of the hardware

9.2.10 System Setup/Calibration/Checkout Procedure

All of the system setup, calibration and checkout procedures for pre-qualification and
qualification test shall be included in the qualification document.

9.2.11 System Test Documentation

The System Validation Test Plan and the Test Report shall be provided. The documents
shall include:

A. Test requirements

B. Acceptance criteria for all acceptance, and qualification test. The acceptance
criteria are developed from the system requirements, configuration, and test
instrumentation '

TOSHIBA CORPORATION Nuclear Energy Systems & Services Division
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SAVEe

Sequence of test
Vehicles for recording the test results
Requirements for Test Equipment, including the required instruments list and a

performance specification for each instrument. These requirements shall conform
to IEEE Std 498.

A Test Report summarize the test results.

10 Abbreviations

Al Analog Input

AO Analog Output

APRM Average Power Range Monitor

BWR Boiling Water Reactor

DI Discrete Input

DO Discrete Output

ECWD Electrical Cable Wiring Diagram

EEPROM Electrically Erasable Read Only Memory
EFT/B Electrically-Fast Transient/Burst

EMI . Electro-Magnetic Interference

EPRI Electric Power Research Institute

ERS Equipment Requirements Specification

ESD Electrostatic Discharge

FE Functional Element

EMI Electromagnetic Interference

FMEA Failure Modes and Effects Analysis

FPGA Field-Programmable Gate Array .

FS Full Scale

HMI Human Machine Interface

IEEE Institute of Electrical and Electronic Engineers
LED Light Emitting Diode '
LPRM Local Power Range Monitor

LVPS Low Voltage Power Supply

MDS Material Data Sheet

MTTR Mean Time To Repair

NED Nuclear Energy systems & services Division
NICSD Nuclear Instrumentation & Control Systems Department, Fuchu

Complex

NIST National Institute of Standard and Technology
NRC Nuclear Regulatory Commission

NRW-FPGA Non-Rewritable Field Programmable Gate Array
OBE Operating Basis Earthquake

PRM Power Range Monitor

PRS Problem Reporting Sheet
"PSNE Toshiba Corporation, Power Systems Company, Nuclear Energy
RCV Receiver

RFI Radio Frequency Interference

RPS Reactor Protection System

TOSHIBA CORPORATION Nuclear Energy Systems & Services Division
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RRS
SSE

SIL
SQAP
SQ-ROOT
TRN
VHDL
V&V

Requirement Response Spectrum

Safe Shutdown Earthquake

Software Integrity Level

Software Quality Assurance Plan

Square Root

Transmit

Very high speed integrated circuit Hardware Description Language
Verification and Validation

TOSHIBA CORPORATION Nuclear Energy Systems & Services Division
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Attachment A-1: Compliance and Traceability Matrix of Chapter 4 with IEEE Std 603-1991

SECTION IEEE Std 603-1991 REQUIREMENTS ERS Chapter 4 COMPLIANCE COMMENTS
1 Scope. Description of IEEE scope. e e No requirements.
2 Definitions. List of definitions used in the JEEE. -— f— No requirements.
Reference. List of documents referenced in the —_— — No requirements.
3 1EEE.
4 Safety system designation. _— — (Section heading)

A specific basis shall be established for the design
of each safety system of the nuclear power
generating station. The design basis shall also be
available as needed to facilitate the determination
of the adequacy of the safety system, including
design changes. The design basis shall be
consistent with the requirements of ANSI/ANS
51.1-1983 or ANSI/ANS 52.1-1983 and shall
document as a minimum:

4.1 Safety system designation. 4.1.1 Design Basis Event Comply
The design basis events applicable to each mode
of operation of the generating station along with
the initial condition and allowable limits of plant
conditions for each such event.

42 Safety system designation. 4.1.2 Safety~ Related Functions Comply
The safety functions and corresponding protective
actions of the execute features for each design
basis event

43 Safety system designation. 4.4.2. Operating Bypass Comply
The permissive conditions for each operating
bypass capability that is to be provided.

4.4 Safety system designation. 4.1.2 Safety—Related Functions Comply
The variables or combinations of variables, or 4.2 Summary System Description

both, that are to be monitored to manually or
automatically, or both, control each protective
action; the analytical limit associated with each
variable, the ranges (normal, abnormal, and
accident conditions); and the rates of change of
these variables to be accommodated until proper
completion of the protective action is ensured.

45 Safety system designation. _— N/A The PRM system does not
The following minimum criteria for each action contain any safety action
identified in 4.2 whose operation may be by manual means.

controlled by controlled by manual means initially
or subsequently to initiation. See IEEE Std 494—

1974 (R1990).
4.6 Safety system designation. 4.3.1 System Equipment, Comply
For those variables in 4.4 that have a spatial Arrangement and Location

dependence (that is, where the variable varies as
a function of position in a particular region), the
minimum number and locations of sensors
required for protective purposes.

47 Safety system designation. 4.3.4 Environmental Consideration Comply
The range of transient and steady—state
conditions of both motive and control power and
the environment (for example, voltage, frequency,
radiation, temperature, humidity, pressure, and
vibration) during normal, abnormal, and accident
circumstarices throughout which the safety
system shall perform. ’

48 Safety system designation. -_— N/A These events may depend
The conditions having the potential for functional ori the plant in which the
degradation of safety system performance and for PRM system will be
which provisions shall be incorporated to retain installed.

the capability for performing the safety functions
(for example, missiles, pipe breaks, fires, loss of
ventilation, spurious operation of fire suppression
systems, operator error, failure in non—safety—
related systems).

49 Safety system designation. 4.3.2. Safety Features 12 Comply Section 5.1.7 adresses
The methods to be used to determine that the hardware reliability goal.
reliability of the safety system design is And the method is
appropriate for each safety system design and described in EPRI TR~
any qualitative or quantitative reliability goals that 107330. Section 5.1.7 is
may be imposed on the system design. confirmed to comply with

EPRI TR-107330 in
Attachment B.
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SECTION

IEEE Std 603-1991 REQUIREMENTS

ERS Chapter 4

COMPLIANCE

COMMENTS

4.10

Safety system designation.
The criﬁical points in time or the plant conditions,
after the onset of a design basis event, including:

(Section heading)

4.10.1

The point in time or plant conditions for which the
protective actions of the safety system shall be
initiated.

4.3.2, Safety Features 15

Gomply

Section 5.1.3. specifies
nominal system setpoints.

4.10.2

The point in time or plant conditions that define
the proper completion of the safety function.

N/A

The PRM system does not
contain such safety
function.

The PRM system initiates
safety functions, but does
not finish itself.

4.103

The point in time or the plant conditions that
require automatic control of protective actions.

N/A

The PRM system does not
corttrol such protective
action.

4104

The point in time or the plant conditions that
allow retuming a safety system to normal.

4.3.2. Safety Features 16

Comply

411

Safety system designation.

The equipment protective provisions that prevent
the safety systems from accomplishing their
safety functions.

N/A

FMEA in the qualification,
and the hazard analysis
report will provide

finfomartion.

Safety system designation.

Any other special design basis that may be
imposed on the system design (example, diversity,
interlocks, regulatory agency criteria).

N/A

ERS 4.3.1 describes a
typical plant sensor
arrangements in which the
PRM system is expected

Safety system criteria.

The safety systems shall, with precision and
reliability, maintain plant parameters within
acceptable limits established for each design
basin event. The power, instrumentation, and
control portions of each safety system shall be
comprised of more than one safety group of which
any one safety group can accomplish the safety
function. (See appendix A for an illustrative
example.)

(Section heading)

5.1

Single—failure criterion.

4.3.1 System Equipment,
Arrangement and Location

4.3.2.5 Safety Features 3.4,5

Comply

The PRM system allows
the relating plant safety
functions to meet the
single—failure criterion as
long as appropriately
installed.

5.2

Completion of protective action.
The safety systems shall be designed so that,

once initiated automatically or manually, the
intended sequence of protective actions of the
execute features shall continue until completion.
Deliberate operator action shall be required to
return the safety systems to normal. This
requirement shall not preclude the use of
equipment protective devices identified in 4.11 of
the design basis or the provision for deliberate
operator interventions. Seal—in of individual
channels is not required.

N/A

Completion of protective
action, once initiated, is
accomplished by the
Reactor Protection System
(RPS).
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SECTION

IEEE Std 603-1991 REQUIREMENTS

COMPLIANGE

COMMENTS

53

Quality.

Components and modules shall be of a quality
that is consistent with minimum maintenance
requirements and low failure rates.

Safety system equipment shall be designed,
manufactured, inspected, installed, tested,
operated, and maintained in accordance with a
prescribed quality assurance program
(ANSI/ASME NQA-1-1989).

ERS Chapter 4

N/A

Quality assurance
requirement is achieved by
the NED QA program

5.4

Eaquipment qualification.

Safety system equipment shall be qualified by
type test, previous operating experience, or
analysis, or any combination of these three
methods, to substantiate that it will be capable of
meeting, on a continuing basis, the performance
requirements as specified in the design basis.
Qualification of Class 1E equipment shall be in
accordance with the requirements of IEEE Std
323-1983 and IEEE Std 627-1980. :

4.3.2 Safety Feature 1

Comply.

For further detail, refer to
the Qualification Plan

5.5

Svstem integrity.

The safety systems shall be designed to
accomplish their safety functions under the full
range of applicable conditions enumerated in the
design basis.

4.3.3 System Availability
4.3.4 Environmental Consideration

Comply

The qualification test and
the V&V efforts will provide
adequate confidence that
system integrity is
maintained under the full
range of applicable
conditions enumerated in
the design basis.

5.6

Independence.

(Section heading)

56.1

Between redundant portions of a safety system.
Redundant portions of a safety system provided
for a safety function shall be independent of, and
physically separated from, each other to the
degree necessary to retain the capability to
accomplish the safety function during and

following any design basis event requiring that

4.3.2. Safety Features 3,4

Comply

The PRM system design
allows to make the
redundant portions of the
safety system independent.

56.2

Between safety systems and effects of design
basis event.

Safety system equipment required to mitigate the
consequences of a specific design basis event
shall be independent of, and physically separated
from, the effects of the design basin event to the
degree necessary to retain the capability to meet
the reguirements of this standard. Equipment
qualification in accordance with 5.4 is one method
that can be used to meet this requirement.

4.3.2 Safety Feature 1
4.3.4 Environmental Consideration

Comply

For further detail, refer to
the Qualification Plan *

Between safety systems and other systems.

The safety system design shall be such that
credible failures in and consequential actions by
other systems, as documented in 4.8 of the design
basis, shail not prevent the safety systems from
meeting the requirements of this standard.

N/A

(Section heading)

56.3.1

Interconnected equipment,

(1) Classification. Equipment that is used for
both safety and non—safety functions shall be
classified as part of the safety systems. Isolation
devices used to effect a safety system boundary

4.3.2. Safety Features 8

Comply

shall be classified as part of the safety system.
(2)  fsolation. No credible failure on the non—
safety side of an isolation device shall prevent
any portion of a safety system from meeting its
minimum performance requirements during and
following any design basis event requiring that
safety function. A failure in an isolation device
shall be evaluated in the same manner as a failure
of other equipment in a safety system.

4.3.2. Safety Features 4,8

Comply
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SECTION

IEEE Std 603-1991 REQUIREMENTS

ERS Chapter 4

5.6.3.2

Eaquipment in proximity.

(1) Separation. Equipment in other systems
that is in physical proximity to safety system
equipment, but that is neither an associated
circuit nor another Class 1E circuit, shall be
physically separated from the safety system
equipment to the degree necessary to retain the
safety systems’ capability to accomplish their
safety functions in the event of the failure of non—
safety equipment. Physical separation may be
achieved by physical barriers or acceptable
separation distance. The separation of Clans 1E
equipment shall be in accordance with the
requirements of IEEE Std 384-1981 [B3].

N/A

COMPLIANCE

COMMENTS

Separation from other
equipment is achieved by
the plant design

(2)  Barrier. Physical barriers used to effect a
safety system boundary shall meet the
requirements of 5.3, 5.4 and 5.5 for the applicable
conditions specified in 4.7 and 4.8 of the design
basis.

N/A

Barriers are determined by
the plant design.

5.6.3.3

Effects of a single random failure.

Where a single random failure in a non-safety
system can (1) result in a design basis event, and
(2) also prevent proper action of a portion of the
safety system designed to protect against that
event, the remaining portions of the safety
system shall be capable of providing the safety
function even when degraded by any separate
single failure. See IEEE Std 379-1988 for the
application of this requirement.

4.3.1 System Equipment,
Arrangement and Location
4.3.2. Safety Features 3,4, 5

Comply

The PRM system allows
the relating plant safety
functions to meet the
single—failure criterion as
long as appropriately
installed.

Detailed criteria.

IEEE Std 384-1981 provides detailed criteria for
the independence of Class 1E equipment and
circuits.

4.3.2.9 Safety Features

Comply

5.7

Capability for testing_and calibration.

Capability for testing and calibration of safety
system equipment shall be provided while
retaining the capability of the safety systems to
accomplish their safety functions. The capability
for testing and calibration of safety system
equipment shall be provided during power
operation and shall duplicate, as closely as
practicable, performance of the safety function.
Testing of Class 1E systems shall be in
accordance with the reguirements of IEEE Std
338-1987. Exceptions to testing and calibration
during power operation are allowed where this
capability cannot be provided without adversely
affecting the safety or operability of the
generating station. In this case:

(1) Appropriate justification shall be provided
(for example, demonstration that no practical
design exists),

(2)  Acceptable reliability of equipment
operation shall be otherwise demonstrated, and
(3) The capability shall be provided while the
generating station is shut down.

4.3.6 Self-Testing,
4.4.3 Calibration

Comply

5.8

Information displays.

(Section heading)

Displays for manually cortrolled actions.

The display instrumentation provided for manually
controlled actions for which no automatic control
is provided and that are required for the safety
systems to accomplish their safety functions shall
be part of the safety systems and shall meet the
requirements of IEEE Std 497-1981. The design
shall minimize the possibility of ambiguous
indications that could be confusing to the
operator,

N/A

The PRM system does not
cortain any safety action
by manual means.
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SECTION

IEEE Std 603—1991 REQUIREMENTS

ERS Chapter 4

COMPLIANGE

COMMENTS

5.8.2

System status Indication.

Display instrumentation shall provide accurate,
complete, and timely information pertinent to
safety system status. This information shall
include indication and identification of protective
actions of the sense and command features and
execute features. The design shall minimize the
possibility of ambiguous indications that could be
confusing to the operator The display
instrumentation provided for safety system status
indication need not be part of the safety systems.

4.4.4 Unit and Detector Bypass
4.5.5 Main Control Room
4.5.6 Annunciator

Compy

5.83

Indication of bypasses.

If the protective actions of some part of a safety
system have been bypassed or deliberately
rendered inoperative for any purpose other than
an operating bypass, continued indication of this
fact for each affected safety group shall be
provided in the control room.

4.4.4 Unit and Detector Bypass
4.5.5 Main Control Room
4.5.6 Annunciator

Comply

Location.

Information displays shall be located accessible to
the operator. Information displays provided for
manually controlled protective actions shall be
visible from the location of the controls used to
affect the actions. '

4.4.4 Unit and Detector Bypass
4.5.5 Main Control Room

Comply

59

Control of access.

The design shall permit the administrative control
of access to safety system equipment. These
administrative controls shall be supported by
provisions within the safety systems, by provision
in the generating station design, or by a
combination thereof. :

N/A

The administrative control
of access is depending on
plant design

Repair.

The safety systems shall be designed to facilitate
timely recognition, location, replacement, repair,
and adjustment of malfunctioning equipment.

4.3.5 Mairtenance Provisions

Comply

Identification.

In order to provide assurance that the
requirements given in this standard can be applied
during the design, construction, maintenance, and
operation of the plant, indetification requirements

N/A

Identification will be met
depending on plant design
and installation.

5.12

Auxiliary features.

4.3.2 Safety Features 17

Comply

5.13

Multi—unit stations.

The sharing of structures, systems, and
components between units at multi-unit
generating stations is permissible provided that
the ability to simultaneously perform required
safety functions in all units is not impaired.
Guidance on the sharing of electrical power
systems between units is contained in IEEE Std
308-1980: Guidance on the application of the
single failure criterion to shared systems is
contained in IEEE Std 379-1988.

N/A

The PRM is not shared
between units at multi-unit
generating stations.

Human factors considerations.

Human factors shall be considered at the initiat
stages and throughout the design process to
assure that the functions allocated in whole or in
part to the human operator(s) and maintainer(s)
can be successfully accomplished to meet the
safety system design goals, in accordance with
IEFE Std 1023-1988.

N/A

Because the PRM Units are|
commercial grade
equipment, the human
factors were qualified by
cofirming the compliance
with EPRI TR-107330 in
Attachment B.
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SECTION

IEEE Std 603-1991 REQUIREMENTS

ERS Chapter 4

COMPLIANGE

COMMENTS

5.15

Reliability.

For those systems for which either quantitative or
qualitative reliability goals have been established,
appropriate analysis of the design shall be
performed in order to confirm that such goals
have been achieved. [EEE Std 352-1987 and IEEE
Std 577-1976 provide guidance for reliability
analysis.

4.3.2. Safety feature 12

Gomply

design requirements.

In addition so the functional and design
requirements in Section 5, the following
requirements shall apply to the sense and
command features:

Sense and command features—functional and —_—

(Section heading)

6.1

Automatic control.

liustified in 4.5. The safety system design shall be
such that the operator is not required to take any
action prior to the time and plant conditions
specified in 4.5 following the onset of each design
basis event. At the option of the safety system
designer, means may be provided to automatically
initiate and control those protective actions of
4.5.

4.1.2 Safety— Related Functions
Means shall be provided to automatically initiate |4.5.2 Reactor Protection System
and control all protective actions except as (RPS)

Comply

6.2

Manual control.

(Section heading)

6.2.1

implemertt manual initiation at the division level of
the automatically initiated protective actions. The
means provided shall minimize the number of
discrete operator manipulations and shall depend
on the operation of a minimum of equipment
consistent with the constraints of 5.6.1.

Means shall be provided in the control room to —

N/A

The PRM system does not
contain any safety action
by manual means.

6.2.2

implement manual initiation and control of the
protective actions identified in 4.5 that have not
been selected for automatic control under 6.1.
The displays provided for these actions shall meet
the requirements of 5.8.1.

Means shall be provided in the control room to —_—

N/A

The PRM system does not
cortain any safety action
by manual means.

6.2.3

actions necessary to maintain safe conditions
after the protective actions are completed as
specified in 4.1. The information provided to the
operators, the actions required of these
operators, and the quantity and location of
associated displays and corntrols shall be
appropriate for the time period within which the
actions shall be accomplished and the number of
available qualified operators. Such displays and
controls shall be located in areas that are
accessible, located in an environment suitable for
the operator, and suitably arranged for operator
surveillance and action.

Means shall be provided to implement the manual [4.3.2. Safety Features

Comply

For the PRM system,
resetting is the only manual
action that should be taken
after the protective actions
are completed.
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SECTION

6.3

IEEE Std 603-1991 REQUIREMENTS

ERS Chapter 4

COMPLIANCE

COMMENTS

Interaction between the sense and command
features and other systems.

(Section heading)

6.3.1

Where a single credible event, including all direct
and consequential results of that event, can
cause a non-safety system action that result in a
condition requiring protective action and can
concurrently prevent the protective action in
those sense and command feature channels
designated to provide principal protection against
the condition, one of the following requirements
shall be met:

(1) Alternate channels not subject to failure
resulting from the same single event shall be
provided to limit the consequences of this event
to a value specified by the design basis. Alternate
channels shall be selected from the following:

(a) Channels that sense a set of variables
different from the principal channels.

(b) Channels that use equipment different from
that of the principal channels to sense the same
variable.

(c) Channels that sense a set of variables
different from those of the principal channels
using equipment different from that of the
principal channels. Both the principal and
alternate channels shall be part of the sense and
command features.

(2) Equipment not subject to failure caused by the
same single credible event shall be provided to de
the event and limit the consequences to a value
specified by the design bases. Such equipment is

N/A

The non-safety action of
the PRM system dous not
require any protective
actions.

6.3.2

requirements in 6.3.1 can be met in conjunction
with the requirements of 6.7 if a channel is in
maintenance bypass. These provisions include
reducing the required coincidence, defeating the
non—safety system signals taken from the
redundant channels, or initiating a protective
action from the bypassed channel.

Provisions shall be included so that the —

N/A

The answer to this
requirements should be
provided by the plant
design.

6.4

Derivation of system inputs.

To the extent feasible and practical, sense and
command feature inputs shall be derived from
signals that are direct measures of the desired
variables as specified in the design basis.

4.3.1 System Equipment,
Arrangement and Location

Comply

6.5

Capability for testing and calibration. —

(Section heading)

6.5.1

Checking the operational availability.

Means shall be provided for checking, with a high
degree of confidence, the operational availability
of each sense and command feature input sensor
required for a safety function during reactor
operation. This may be accomplished in various
ways;

4.3.6 Self-Testing

Comply

6.5.2

Assuring the operational availability.

One of the following means shall be provided for
assuring the operational availability of each sense
and command feature required during the post—
accident period:

N/A

There is no requirement for|
PRM system to operate
during post—accident
period.

6.6

Oberating bypasses.
Whenever the applicable permissive conditions are

not met, a safety system shall automatically
prevent the activation of an operating bypass or
initiate the appropriate safety function(s). If plans
conditions change so that an activated operating
bypass is no longer permissible, the safety system
shall automatically accomplish one of the required

4.4.2 Operating Bypasses

Comply
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SECTION-

IEEE Std 603-1991 REQUIREMENTS

ERS Chapter 4

COMPLIANGCE

COMMENTS

6.7

Maintenance bvpass.

Capability of a safety system to accomplish its
safety function shall be retained while sense and
command features equipment is in maintenance
bypass. During such operation, the sense and
command features shall continue to meet the
requirements of 5.1 and 6.3.

EXCEPTION: One—out—of-two portions of the
sense and command features are not required to
meet 5.1 and 6.3 when one portion is rendered
inoperable, provided that acceptable reliability of
equipment operation is otherwise demonstrated
(:chat is, that the period allowed for removal from
service for maintenance bypass is sufficiently
short to have no significarttly detrimental effect
on overall sense and command features
availability).

4.3.1 System Equipmert
Arrangement and Location
4.3.3 System Availability

4.4.1 Operation

4.4.4 Unit and Detector Bypass

Comply

6.8

Setpoints.

(Section heading)

6.8.1

The allowance for uncertainties between the
process analytical limit documented in Section 4.4
and the device setpoint shall be determined using
a documented methodology. Refer to ISA S67.04—
1987

4.3.2 Safety Features 11

Comply

Section 4.3.2 states the
expectation to utilities

Where it is necessary to provide multiple
setpoints for adequate protection for a particular
moade of operation or set of operating conditions,
the design shall provide positive means of
ensuring that the more restrictive setpoint is used
when required. The devices used to prevent
improper use of less restrictive setpoints shall be
art of the sense and command features.

N/A

The multiple setpoints are
not applicable for the PRM
Units.

|Executive features—functional and design
requirements.

In addition to the functional and design
requiremerts in Section 5, the following
requirements shall apply to the execute features.

N/A

The PRM does not contain
execute features.

Power source requirements.

N/A

The design of power source,
is not included in PRM
design specification.
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basics

shall include the electromagnetic environment,
inciudeing electrostatic discharge

Consideration

JEEE Std 7-4.3.2-1993 ERS Chapter 4 COMPLIANCE COMMENTS
1 Scope e f— No requirements.
2 Reference — — No requirements.
3 Definitions and —_ —_— No requirements.
abbreviations
4. Safty System design the range of transient and steady state conditions 4.3.4 Environmental Comply

5 Safety system criteria

No requirements.

5.1 Single Failure
IEEE Std 603 1991

No requirements.

5.2 Completion of
proctective action
JEEE Std 603 1991

No requirements.

between safety and nonsafety systems shall not
inhibit the performance of the safety function
Safety and nonsafety portions of computer software
of firmware may be difficult to separate.

5.3 Quality —_— -—_ The requirements are
described in following
subsections.

5.3.1 Software 4.3.2 Safety Features 13 Comply SQAP is established for the

Development requirements,

5.3.2 Qualifcation of 4.3.2 Safety Features 13 Comply SQAP is established for the

existing commercial requirements

computers

5.3.3 Software tools 4.3.2 Safety Features 13 Comply SQAP and VVP are
established for the
reguirements

5.3.4 Verification and 4.3.2 Safety Features 13 Comply VVP is establised for the

validation (V&V) requirements

5.3.5 Software 4.3.2 Safety Features 13 Comply SQAP includes the software

configuration Management configuration management

5.4 Equipment qualification |Equipment gualification testing shall be performed -—_ N/A Executing equipment

with the computer functioning with software and Qualification testing is
- |diagnostics described in Qualification
that are representative of those used in actual Plan
operation. All portions of the computer necessary to
accomplish the safety function, or those portions
whose operation or failure could impair the safety
function, shall be exercised during testing.

5.5 System integrity — _— The requirements are
described in the following
subsections.

5.5.1 Design for computer [the computer shall be designed to perform its safety [4.3.4 Evironmental Gonsideration [Comply

integrity function when subjected to all conditions, external or 14.3.6 Sel~Testing

internal, that have significant potential for defeating [4.4.1 Operation
the safety function [e.g., input and output processing [4.4.3 Calibration
failures, precision or roundoff problems, improper
recovery actions, electrical input voltage and
frequency fluctuations, maximum credible number of
coincident signal changes, electromagnetic
interference (EMI), and others].
If the design basis identifies a safety system 4.3.2 Safety Features 14 Comply
preferred failure mode, failures of the computer shall
not preclude the safety system from being placed in
that mode. Performance of the computer restart
operations shallnot result in the safety system being
inhibited from performing its function
§.5.2 Design for test and  [The test and calibration function shall not adversely [4.4.3 Calibration Comply
calibration affect the ability of the computer to perform its
safety function. Appropriate bypass of one redundant
channel is not considered an adverse effect in this
context. It shall be verified that the test and
calibration function does not affect any computer
function not included in a calibration change (e.g., -
setpoint change).
V&Y, configuration management, and QA are not —_— N/A The calculation of “Ical” is
required when the test and calibration function, executed by the process
resident on a separate computer, does not provide computer. But the function
. the sole verification of test and calibration data for of the process computer is
the computer that is part of the safety system. out of scope of this project.
5.6 Independence Data communication between safety channels or 4.3.2. Safety Features 13 Comply

5.7 Capability for testing
and calibration
IEEE Std 603 1991

No requirements.

5.8 Information displays
IEEE Std 603 1991

No requirements.

5.9 Control of access

IEEE _Std 603 1991

No requirements.
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required, the proof of meeting the goals shall include
software used with the hardware. The method for
determining reliability may include combinations of
analysis, field experience, or testing. Software error
recording and trending may be used in combination
with analysis, field experience, or testing.

IEEE Std 7-4.3.2-1993 ERS Chapter 4 COMPLIANCE COMMENTS
5.10 Repair _ —_ No requirements.
IEEE Std 603 1991
5.11 Identification —_ —_— No requirements.
IEEE Std 603 1991
5.12 Auxiliary features _— -—_ No regquirements.
IEEE Std 603 1991
5.13 Multi-unit stations —_ —_— No requirements.
IEEE Std 603 1991
5.14 Human factors —_— —_— No requirements.
considerations :
IEEE Std 603 1991
5.15 Reliability When qualitative or quantitative reliability goals are 4.3.2. Safety Features 12 Comply

6 Sense and command
features—functional and
design requirements
IEEE Std 603 1991

No requirements.

7 Execute features—
functional and design
requirements

1IEEE Std 603 1991

No requirements.

8 Power source
requirements

IEEE Std 603 1991

No requirements.
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Vendor Package Compliance with EPRI TR-107330
cm TEM| suMmARY OF EPRI TR-107330 REQUIREMENTS ERS Chapter 4 Informatian Dacument SEC"%:'PE"S or Requirements
: . ! (or N/A or Not Applicable)
1 Scope. Description of TR scope. — - -~ —- No requirement
2 Definitions, Abbreviations, Acronyms. List of — - - - No requirement
definitions, abbreviations, and acronyms used in the TR.|
3 Reference Documents. List of documents referenced in|-— — - — No requirement
the TR
4 tlem Requirements. (section heading) -~ - — - No requirement
4.1 Overview of Performance Basis. Descriptive - -~ — — No requirement
informatiop,
4.2 Functional Requirements. (section heading) — — - —- No requirement
4.2.1 General Functional Requirements. Descriptive - — - - No requirement
information.
4.2.1.A Response Time. The overall response time from an e — ERS 5.1.3.1. Response Tim¢|Comply with intent. The Toshiba NRW-FPGA-
analog or discrete input exceeding its trip condition to Requirements Based PRM hardware are application specific.
the resulting discrete outputs being sat shall be 100 The i overall resp: time i
milliseconds or less. Response time shall include time with the requirsments described in ERS 5.1.3.1.
required for input filtering, input module signal
ion, main p input data isition, two
scan times of an application program containing 2000
simple logic elements, main processor output data
transmission, digltal output module signal conversion,
and of sl ics and
4.21.B Discrete /0. The PLC shall have the ility to — - NiA - NfA. The IfO configuraticn of the Toshiba
provide a total of at least 400 discrets I/O points. NRW-FPGA-Based PRM hardware are
application specific. Theretore, the system
configurations are known and fixed.
4.21.C Analog IfQ. The PLC shall have the capability ta — — NJA — NJA. The lfO configuration o the Toshiba
provide a total of 100 analog /O peints. NRW-FPGA-Based PRM hardware are
application specific. Therefore the system
{configurations are known and fixed.
4.2.1.0 Combined Q. The PLC shall have the capability to -~ - N/A — N/A. The I/O configuration of the Toshiba
provide a total of 50 analog and 400 discrete l/O points. NRW-FPGA-Based PRM hardware are
application specific, Theretore the system
configurations are known and fixed.
42,2 Contral Function Requirements. The PLC shall provide [— — N/A -— NJA. The Toshiba NRW-FPGA-Based PRM
a high-level i for cantrol it hardware systems are application specific. The
control function configuration {i.e., logic) is
therefore fixed.
423 Availability/Reliability and FMEA. {section heading) — - — —~ No requirement
4231 Availabllity/Reliability Overview. Descriptive — - - - No requirement
information.
4.23.2 Availability/Reliability and Basic Requirements. The  [4.3.2 System Availability [— ERS 5.1.7. Comply
overall availability goal of the PLC is 0.99. 12  Availability/Refiability
Requirements
1
4.23.3 wailability/Reliability Calculation Requiremments. An 4.3.2. System Availability |— ERS 5.1.7. Camply
itabilit ion shall be which 12 Availability/Reliability
conforms to IEEE 352, Requirements
1
4.234.1 Availability/Raliability Calculation Reguirements 4.3.2. System Availability |[— ERS 5.1.7. N/A. The Toshiba NRW-FPGA-Based PRM
| Applicable to Redundant PLCs. For PLCs thatinclude |12 Availability/Reliability  |system does not include redundant components{
the availability cak bon shall adress Requirements for signal processing.
dditianal pecific i 5
4.2.3.4 PLC Fault Tolerance Requirements. Fault tolerance  [4.3.2. System Availabilily {— NfA -~ Comply.
ity shail be add: din the 12
{calculation, and included as part of the gualification
envelope definition.
4235 Failure State/FMEA Requirements. An FMEA analysis |4..2. System Availabiity |— ERS 51.7. Camply
shall be performed in accordance with IEEE 352. The |12 Availability/Reliability
analysis shall evaluate the effects of failures of Requirements
p in the PL.C modules on the PLC S
performanca, .
4236 Failura Detection Requirementts, The PLG shall contain |— — NIA = Comply
features to penmit generating an alarm when the on-line
fault detection detects a failure. Processor-to-processor|
communication for fault detection shall meet the given
specific performances requirements.
4237 A |Recovery Capahility Requirements. The PLC shall 4.3.6 Seif-Testing — ERS 5.1.6. Failure Detection [Comply
include a watchdog timer and power bus monitoring and Self Test
features. Requirements
4.23.7.8  |Recovery Capability Requirements, The PLC el - — N/A N/A. The Toshlba NRW-FPGA-based PRM
processor shall contaln pewer bus menitoring features hardwara does not perform any memory writes
to assure that the processor successfuily completes any during normal operation. Should the plant
memory writes and goes into a reset state when the power suppy fail or go out of range, the affected|
supply voltage is outside of the range. PRM Unit will reinitialize upon restoration of
power.
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Vendor Package Cempliance with EPRI TR-107330
‘mrg gEM SUMMARY OF EPRI TR-107330 REQUIREMENTS ERS Chapter 4 Infarmation Document SEC“‘;';ZLERS or Requirements
) {or N/A or Not Applicable)

4.237.C |Recovery Capabllity Requlrements. Cutput modules  |[— e ERS 5.1.2. System Comply

shall initialize to a known state. {initialization
Requirements.

4238 Reguirements for Use of Operating Experience. If — — N/A — NJA. Operating experience is not used as a
operating experience is used as a basis for establishing basis for establishing module failure rates of the,
module failure rates, the PLC manufacturer must have Toshiba NRW-FPGA-based PRM system.
a problem reporting and tracking program.

4.2.4 Setpoint Analysis Suppost Requirements, An analysis [4.3.2.Safety Features 11 |-— ERS 5.1.3. Nominal System |Comply
shall be prepared to provide the information needed to Setpoints
suppert an application specific setpoint analysis per ISA
RP 67.04.

4.3 Hardware Requirements. (section heading) — — - — No requirement

4.3.1 General. (section heading) — - - — No requirement

4.3.1.1 Background, Descriptive information. - —-- — — No requirement

431.2 Reguirements Common to All Modules. All modules  |— B s (See Compliance (See Compliance Traceahility Matrix, Sections
shall mest or support the general requirements given in Traceability Matrix, 4.2.1 and 4.3.6.)

Section 4.2.1, and shall meet the range of Sections 4.2.1 and
l j ions given in Section 4.3.6. 4.3.6))

Special requirements apply to single module

assemblies that includa both inputs and outputs.

4.3.1.3 Extemnal Device Reguirements. External devices used [— — NjA - N/A. Qualification testing does not include use
to meet I/O modula requiremants shall meet the given of external devices.
specific requirements,

4.3.1.4 General Redundancy Requirements. Redundant — — NJA -ee NJA. The Toshiba NRW-FPGA-Based PRM

|components may be included in the generic PLC System does not include redundant
|plattorm. for signal p:

4.3.2 Input Requirements. (section heading) — — o— L—- No requirement

4.32.1 Analog Input Requirements. The PLC shall include — SGBHA386 LPRM/APRM [ERS 5.2.2. Unit Input Comply. The Toshiba NRW-FPGA-Based PRM
modules that provide analog inputs. Unit Equipment Design Output Requirements  janalog inputs are designed to interface with

Specification |industry standard LIPRM datectors and Flow

3.1 LPAM Module transmitters. The required analog input design
specifications are, therefore, known and

5G8HA381 Flow Unit satisfied.

Equipment Design

Specification

3.1 SQ-ROOT module

4.3.2.1.A {Monotoricity. The analog inputs shall be monotonic to 3 — -— N/A —- Comply with intent; see Compatability
1/2LSB. Traceability Matrix Item 4.3.2.1.

43218 |Number of Channels. Each analog inputmodule shalt |— -~ N/A - Comply with intent; see Compatability
provide a minimum of four input channels. Traceability Matrix ltem 4.3.2.1.

4.3.21.C |Over Range. The converted value of each analog input [4.1.2 Safety-Related 5GBHA386 LPRM/APRM |ERS 5.2.3 Module Comply with intent; see Compatability
'module shall remaln at its maximum value for over Function Unit Equipment Design Requirements Traceability Matrix ltem 4.3.2.1.
range inputs up to twice rated. Specification

3.1 LPRM Module
5GBHA381 Flow Unit
Equipment Design
Specification

3.1 SQ-ROOT module

4.32.1.0 |Lnder Range. The converted value of each analog 4.1.3 Non-Safety-Related |5GBHA386 LPRM/APAM 5.2.3 Module Comply with intent; see Compatability
input module shall remain at its minimum value forlow |Function Unit Equipment Design 'Requirements Traceability Matrix ltem 4.3.2.1,
range inputs up to the negative of the rated input value, Specification

3.1 LPRM Module
5GBHA381 Flow Unit
Equipment Design

| Specification

3.1 SQ-ROOT module

4.321.E |Out of Rangs Indication. Over and under range 4.5.5 Main Control Room  |5G8HA386 LPRM/APRM [ERS 523 Module Comply with intent; see Compatability
conditions shall be indicated in a manner available to Unit Equipment Design Requirements Traceability Matrix Item 4.3.2.1,
the application program. pecificath

3.1 LPRM Module

5G8HA381 Flow Unit

Equipment Design

|Specification

3.1 SQ-ROOT module
4.32.1.1 Voltage Input Requirements. had e N/A — N/A. There are rio analog voltags Inputs in the

Toshiba NRW-FPGA based PAM system,

4.3.21.2  |Current Input Requirements. (section heading) — — - - No requirement
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Vendor Package Compliance with EPRI TR-107330
CTIITEM | SUMMARY OF EPRI TR-107330 REQUIREMENTS ERS Chapter 4 information Document | SECTION of RS or Requirements
: (or N/A or Not Applicable)
4.32.1.2.A |Analog Curent Input Module Ranges. The PLC shall [~ 5GBHA386 LPAM/APRM (ERS 5.2.3 Module Comply with intent. The Toshiba NRW-FPGA-
include analog cument input medules with ranges of: 4 Unit Equipment Design Requirements Based PRM analog input range of 4 10 20 mA is
to 20 mA and 10 to 50 mA or 0 to 50 mA. Specification designed to Interface with industry Flow
3.1 LPRM Module transmitters. The Input range of 0 to 3mA is
designed o interface with the LPRM detectors.
5G8HA381 Flow Unit The required analog input design specifications
Equipment Design are, therefore, known and satisfied.
Specification
3.1 SQ-ROOT module
\
4.3.2.1.2.8 [Anzlog Current Input Module Accuracies. Overall — 5G8HA386 LPAM/APRM |ERS 5.1.4. Driftand Comply with intent. The Toshiba NRW-FPGA-
accuracies shall be + 0.35% of the specified range. Unit Equipment Design Accuracy Requirements|Based PRM analog inputs are designed to
Specification interface with industry standard LPRM detectors|
3.1 LPRM Module and Flow transmitters. The required analog
input design specifications are, therefore,
5G8HA381 Flow Unit known and satisfled.
Equipment Design
Specification
3.1 SQ-ROOT module
4.3.2.1.2.C |Analog Current Input Module Resolution. The minkmum [4.3.2 Safety features - ERS 5.2.3 Module Comply with intent. The Toshiba NRW-FPGA-
resalution shali be 12 bits. 1. Requirements Based PRM analog inputs are designed to .
interface with industry standard LPRM detectors|
and Flow transmitters. The required analog
input design specifications are, therefore,
known and satisfied.
4.3.2.1.2.D |Analog Current Input Module Common Mode Veltage. |-~ - ERS 5.2.3 Module NJA since the analog inputs are not general
The common mods voltage capability shall be at least Requirements purpose and are self-powered.
10 velts,
4.3.2.1.2.E {Analog Gumrent Input Module Common Mode Rejection [-— — ERS 5.2.3 Module NjA sinca the current inputs are not transformed|
[Ratio. The commen mode rejection ratio shall be at Requirements 1o voltage by external resistors, this
least 80 4B, i i i
4.3.2.1.2.F |Analog Curent Input Module Response Time. The -— — — (See C [ (See C Traceablility Matrix ltem
overall response time of the analog current input Traceablility Matrix item|4.2.1,A. Response Time)
'modules must support the response time requirement 4.2.1.A. Response
given in Section 4.2.1.A, Time)
4.3.2.1.2.G |Analog Current Input Module Group-to-Group Isolation. {— — N/A -— N/A. The Toshiba NRW-FPGA based PRM
The group-to-group isolation shall be at least + 30 volts system analog current input modules (LPRM
peak for 4 to 20 mA inputs. Medule and SQ-Roat Medule) are not grouped.
4.3.2.1.2.H |Analog Cument Input Module Class 1E to Non-1E — — N/A — N/A. The LPAM module and the SQ-ROOT
isolation. The Class 1E to Nen-1E isclation capability module are only used for Class 1E inputs, but
shall meet the requirements of Section 4.6.4. not for Non-1E inputs.
4.3.21.2) [Analog Gument Input Module Surge Withstand. Surge [— — -— (Sea C (See Cs Traceablility Matrix ltemn 4.6.2
withstand shall be as given in Section 4.6.2. Traceablility Matrix Item {Surge)
4.6.2 Surgs)
43.2.1.2.) |Analog Cument Input Module Input Impedance. The — — |[ERs 5.2.3 Module Comply. The Toshiba NRW-FPGA-Based PRM
input impedance shall be 250 ohms maximum. Requirements analog inputs are designed to interface with
industry standard LPRM detectors and Flow
transmitters. The required analog input design
specifications are, therefore, known and
satisfied.
43213 HATD Input Requirements. — === INJA - NJA. There is no RTD input in the Toshiba
NRW-FPGA based PAM systemn.
4.3.2.1.4 harmocouple Input Requirements. — o NIA — N/A. There is no T/C input in the Toshiba
NRW-FPGA based PRM system.
4.3.2.2 Discrete Input Requirements. The PLC shall include —- 5G8HA386 LPRM/APRM |ERS 5.2.3 Module Comply with intent. The design only includes
modules that provide discrete inputs. Each module unit Equipment Design Requirements four input channels.
shall provide & minimum cf 8 Input channels and Specification. The DIO module does not include input channel
include indicators that show the ONJOFF status of each 3.6 DIO madule status ON/OFF indicators for each point.
point. However, the APRM module and FLOW
5GEHA381 FLOW unit module include indication of an input signal
Equipment Design ONJOFF status of each paint.
Specification.
3.2 DIO module
43221 |Discrete AC Input Requirements. — — N/A — NJA. The Toshiba NRW-FPGA-Based PRM
harcdware does not Include Discrete AC Input.
43222 |Discrete DC Input Requirements. (section heading) [~ |- - — No requirement
4.3.22.2 A |Discrete DC Input Module Types. The PLC shall — 5GBHA386 APRM/LPRAM |ERS 5.2.3 Module N/A. Qualified relays will be used to interface tof
include discrete DC input modules for nominal inputs of unit Design Equipment Requirements plantinputs. See Compliance Traceability
125 VDC, 24 VDC, 15 VDC and 12 VDC. Specification. Matrix ltem 4.8.
3.6 DIO module
5GBHA386 FLOW unit
Design Equipment
| Specification.
3.2 DIO module
4.3.22.2.8 |Discrete DC Input Module ON Transition. The input 4.5 System Interface e ERS 5.2.3 Module N/A. Qualified relays will be used to interface to|
must transition to ON at 80 VDC max. (125 VOC input) Reguirements plant inputs. See Compliance Traceability
or 20 VDC max. (24 VDC input). Matrix ltem 4.8.
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Vendor Package Compliance with EPRI TR-107330
CTIn g EM SUMMARY OF EPR! TR-107330 REQUIREMENTS ERS Chapter 4 information Document SECTK,JJAZLERS or Requirements
" . (or N/A ar Not Applicable)
4.3.222.C |Discrete DC Input Module OFF Transition. Theinput (4.5 System Interface — ERS 5.2.3 Module NJA. Qualified relays will be used to interface to
must transition to OFF between 65 1o 25 VDC (125 Requlrements plant inputs. See Compliance Traceability
VDC input) or 15 10 6 VDC (24 VDC Input). Matrix ltem 4.8,
4,3.22.2.D [Discrate DG Input Module Operating Range. The 4.5 System Interface — ERS 5.2.3 Module N/A. Qualified relays will be used to interface to|
module must operate for inputs up to atieast 150 VDC Requirements plant inputs, See Compliance Traceability
(125 VDC Input) or 40 VDG (24 VDC input). Matrix ltem 4.8,
4.322.2.E |Discrete DC Input Module Response Time. The overall [— B oem (See C I (See Compliance T ility Matrix Item
response time of the discrete DC input modules must  Traceability Matrix Item 14.2.1.A, Aesponse Time)
support the response time requirement given in Section 4.2.1.A, Responss
421 A Lime)
4.3222.F |Discrete DC Input Module Graup-to-Group Isolation. — — -— (See Compliance N/A. Discrete inputs are not grouped in the
The group-to-group isclation shall be at least 600 volts Traceability Matrix ltem |modules.
peak for 125 VDC inputs or 40 volts peak for 24 VDC 4.6.4, Class 1E to Non-
inputs. 1E Isolation) !
4.3.2.22.G |Discrete DC Input Module Class 1E to Non-1E Isolation.(— -~ == (See C (See Ci i Tr Matrix ltem 4.6.4,
The Class 1E to Non-1E isolation capability shall meet Traceability Matrix ltem [Class 1E to Non-1E [sclation)
the requirements of Section 4.6.4. 4.6.4, Class 1E to Non-
1E Isolation)
4.3222H |Discrete DC Input Module Surge Withstand. Surge - — = {See Compliance (See Compliance Traceability Matrix Item 4.6.2,
withstand shall be as given in Section 4.6.2 Traceability Matrix Item |Surgs)
4.6.2, Surge)
4.3.2.23 |TTL Input Requirements. — -~ N/A — N/A. There is no TTL input in the Toshiba
NRW-FPGA based PRM system,
4.3.2.3 Other Inputs. (section heading) [~ — [-— - No requirement
43231 |Puse Input Requirements. — — NIA - N/A. There is no pulse input in the Toshiba
NRW-FPGA based PAM system,
433 Output Requirements. (section heading) — - — — No requirement
4.3.3.1 Analog Qutput Requirements. The PLC shall include  [4.5 System Interface 5G8HA386 LPRM/APRM |ERS 5.2.3 Module Comply. The PRM System analog outputs are
modules that provide analog outputs. Unit Equipment Design Requirements to the plant data recorders and computer.
Specification,
2.2 output
5G8HA381 FLOW Unit
Equiprnent Design
| Specification.
2.2 output
4.3.3.1.A  [Monotonicity. The analog outputs shall be monotonic to|— - N/A — Comply with intent. The monotanic accuracy of
+1/2 LSB. analog output is included in the system
uncertainty. See ERS Section 5.1.4.
4.3.3.1.8  |Number of Channels. Each analog output module shall |4.5 Systemn Interface 5GBHA386 LPRM/APRM [ERS 5.2.3 Module Comply.
provide a minimum of four output channels. Unit Equipment Design Requirements
Specification.
3.5 AO moudle
5G8HA381 FLOW Unit
Equipment Design
| Specification.
3.3 AO moudle
4.33.1.1 Analog Voltage Dutput Requirements. (section — — e - No requirement
headina)
4.3.3.1.1.A [Analog Volitage Output Module Ranges. The PLC shall [— 5G8HA386 LPRM/APRM [ERS 5.2.3 Module Exception. The PRM Systemn analog voltage
include analog voltage output modules with ranges of: Unit Equipment Design Requirements output module ranges are 0 to Svolts, 0to 1
0 to 10 VDC, -10 to 10 VDC and 0 to 5 VDC. The PLC Specification. volt, and 0 to 160 mvolt, as appropriate, to
shall provide differential oulputs for these ranges. 3.5 AO moudle match the of the plant
5GBHA381 FLOW Unit
Equipment Design
3.r3 AOmoudle
4.3.3.1.1.B |Analog Voltage Output Medule Accuracy. Overall - 5GBHA386 LPAM/APRM 5.2.3 Module Comply with intent; see ERS section 5.1.4.
accuracy shall be & 0.3% of full range. Unit Equipment Design |Requirements
Specification.
3.1 LPRM module
5GBHA381 FLOW unit
Equipment Design
Specification.
3.1 SO-ROOT module
4.3.3.1.1.C |Analog Voltage Output Module Resclution. The — - ERS 5.2.3 Module Comply with intent; see ERS section 5.1.4.
minimum-resolution shall be 12 bits, Requirements
4.3.3.1.1.D |Analog Voltage Output Module Load Impedance. The  [4.5 System Interface - ERS 5.2.3 Module Comply.
outputs shall support a load impedance of 1 Kehm or Requirements
less.
4.3.3.1.1.E |Analog Voltage Output Module Response Time. The |[— — - (See Compliance (See Compliance Traceability Matrix ltem
overall response time of the analog veltage output Traceability Matrix item |4.2.1.A, Response Time)
modules must support the response time requirement 4.2.1.A, Response
given in Section 4.2.1.A. Time)
4.3.3.1.1.F |Analoq Voltage Output Module Isolation. The group-to- |— — — (See Compliance N/A. Analog voltage cutputs are not grouped in
group, module-to-module and module to backplane Traceability Matrix ltem |the modtles.
|isolation shall meet the requirements of Section 4.6.4. 4.6.4, Class 1E ta Non-
1E isclation)
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overall response time of the discrete DC output
rmodules must support the response time requirement

Vendor Package Compliance with EPRI TR-107330
SUMMARY OF EPRI TR-107330 REQUIREMENTS ERS Chapter 4 Information Document | SECTION of ERS or Aequirements
PQAP :
(or N/A or Not Applicable)
Analog Voltage Outoul Module Surge Withstand. Surge|-— — --- (See C (See C i Tr Matrix lem 4.6.2,
withstand shall be as given in Section 4.6.2. Traceability Malrix Item |Surge)
4.6.2, Surge)
Current Output Requirements. - — NIA e NfA. The Toshiba NRW-FPGA-based PRM
system dees not includs current output
Discrete Qutput Requirements. The PLC shall include [4.5 System Interface - ERS 5.2.3 Module Comply
modules that provide discrete outputs. Reguirements
Numnber of Channels. Each module shali provide a 4.5 System interface - ERS 5.2.3 Module Comply.
tminimum of 8 output channels. Requirements
Leakage Currant. Leakage current In the OFF state of [4.5 System Interface - ERS 5.2.3 Module Comply.
nan-supervised (no Internal ringback) modules shall be Requirements
less than 80% of the minimum current needed to tumn
ON any digital input module.
Outnut Gireult Interrupter. Outputs must include a 4.5 System Interface — HEES 5.2.3 Module Exception. The Toshiba NRW-FPGA-based
circuit interrupter. Requirements PRM system does not include output circuit
interrupter.
Status Indication, Medules must include indicators that (— — N/A — Exception. The DIO module does nit include
show the ON/OFF status of each paint. output channel status ONJOFF indicators far
leach point.
Discreta AC Qutput Reguirements. — — N/A - NfA. There is no discrete AC output in the
Toshiba NRW-FPGA based PRM system.
Discreta DC Output Requirements. {section heading) [— - — - Mo requirement
Discrete DC Output Module Types. The PLC shall 4.5 System Interface — ERS 5.2.3 Module Comply with intent. The PRM System output is
include discrete DG output modules for nominal outputs Reguirements used to trip a qualified relay that is selected to
of 125 VDC, 48 VDC, 24 VDC, 15 VDC and 12 VDC. meet the specific plant application needs (e.g.,
vohtage). See also Compliance Traceability
Matrix ltem 4.8.
Discrete DC Output Module Output Current. The 4.5 System Interface — [ERS 5.2.3 Module Comply with Intent. The PRM System output is
outputs must operate with an cutput curent between 50 Requirements usad to trip a qualified relay that is selected to
mA and 0.5 amps with an inrush capability of at least 2 mest the specific plant application needs (e.g.,
amps. current). See also Compliance Traceability
Matrix tem 4.8
Discrate DC Outnut Module ON State Voltage Drop. 4.5 System Intarface — ERS 5.2.3 Module Comply with Intent. The PRM System output is
The ON state voltage drop shall not exceed 2 VDC at Requirements usad td trip a qualified relay that is selected to
0.5 amps. meet the specific plant applicalion needs (e.g.,
voltage). See also C T bili
Discrate DC Output Module OFF State Leakage. The (4.5 System Interface — ERS 5.2.3 Module Comply with intent. The PRM System output is
|OFF state leakage current shall not exceed 2mA. Requirements used to trip a qualified relay that s selected to
meet the specific plant application needs. See
alsa Com i i
Discrete DC Quiput Modufe Oparating Range. The 4.5 System Interface — ERS 5.2.3 Moduls N/A. Qualified relays will be used lo interface to|
module points must operate for source inputs of 90 to Requirements plant inputs. See Compliance Traceability
140 VDC min. (125 VDC output), 35 to 60 VDC min. (48 Matrix ltem 4.8.
'VDC output), and 20 to 28 VDC min. (24 VDC output).
Discrete DC Quiput Module Response Time. The — — - (See C {See C Traceability Matrix Item

 Traceability Matrix ltem
4.2.1.A, Respansa

4.2.1.A, Response Time)

Isolation. The Class 1E to Non-1E isolation capability
shall meet the requirements of Section 4.6.4.

given in Section 4.2.1.A. Time)
Discrete DC ut Module Group-to-Group Isotation. (4.5 Systen Interface — hﬁis 5.2.3 Module N/A. The PRM System Discrete DC output
The group-to-group isolation shall be at least twice Aequirements module in not grouped.
nominal output.
4.3.322H |Discrete DC Output Module Class 1E to Non-1E - — - (See C (Sea C Traceability Matrix tem 4.6.4,

Traceability Matrix item |Class 1E to Non-1E Isolation)

4.6.4, Class 1E to Non-
1E isolation)

Discrets DC Qutput Module Surga Withstand. Surge
withstand shall be as given in Section 4.6.2.

Bee G

Traceability Marix ltem 4.5.2,

Traceability Matrix ltem (Surge)

(See G

of the analog input canversion time or the period
associated with 2.5 times the analog fitter cutoff
frequency.

4.6.2, Surge)
Relay Output Requirements. — — N/A — N/A. The relays are not in the scope of supply
{or qualification or commaerclal sales.
TTL Quiput Requirements. - — N/A — N/A. There is no TTL output module in the
Toshiba NRW-FPGA based PRM system,
Processor/Other System Component Requirements. - — — - No requirement
{section heading)
Processor Loop Time Requirements. Processorloop  |[— - - (See C: (Sea C T Matrix Item
time shall support the response time requirement given Traceability Matrix ltem [4.2.1.A. Response Time)
in Section 4.2.1.A. b 4.2.1,A. Response
Time)
Also, processor loap time shall be faster than the longer|{4.3.2.2 Safety Features - ERS 5.1.3.1. Respansa Time |Comply.

Requirements
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Vendor Package Compliance with EPRI TR-107330
om TEM| SUMMARY OF EPRI TR-107330 REQUIREMENTS ERS Chapter 4 Information Dacument | SECTION of ERS or Requirements
i {or N/A or Not Applicable)
4.3.4.2 Mermol acity and Data Retention Capabili - -~ ERS 5.2.4.3. Memory N/A. There is no memory used ta contain the

Requirements. The memory capacity of the main Capacity and Data. program in the Toshiba NRW-FPGA based
processor shall provide sufficient memory to execute a Retention Capability PRM system.
single application program with the number of program Reguirements.
elements given.
The memory used to contain the program shall be — - [ERS 5.2.4.3.Memory N/A. There is no memory used to contain the
capable of retaining the informaticn for a minimum of 6 Capacity and Data lprogram in the Toshiba NRW-FPGA based
months with no power applied. Retention Capability PRM system.

. Requirements.
 Any memary used for field modifiable constants shall bef-— = ERS 5.2.4.3.Memory Comply
capable of at least 700,000 write cycles. Capacity and Data

Retention Capability
Lfequiremems.
4.34.3 Data Acquisition Reguirements. The PLC shall be = - ERS 5.2.4.4. Transferring Comply
pable of ing il ion between the main information batween
processor and /O modules mounted in the same or modules and modules
p 1 chassis. The data transfer rate shall support

the response time requirement given In Section 4.2.1.A.

4.34.3A |Main Chassis Interconnect Device Operation, Devices |-— e 'ERS 5.2.4.4, Transferring Comply
used to interface remote or expansion chassis to the information between
main chassis shall meet the range of envircnmental modules and modules
conditions glven in Section 4.3.6. Failures of the in the same chassis,
chassis interconnect devices shall not defeat the ability units
to transfer data on the main chassis.

43438 |Main Chassis Interconnect Device Failure. Failures of |— e ES 5.2.4.4, Transferring Caomply
the chassis interconnect devices shall not affect information between
memory capacity or main processor data retention. modules and modules

. in the same chassis,
units

4.3.43.C |Main Chassis Interconnect Device Loss of Power. Loss|-—~ — ERS 5244, Transferring Comply
of power to chassis interconnect devices shall not information between
dafeat the abillty to transfer data on the main chassis or modules and modules
1/O on any other chassis. in the same chassis,

units

4.3.4.3.D0 |Main Chassis Interconnect Device Class 1E to Non-1E |- = ERS 5.2.4.4. Transferring Comply. -Non-conductive fiber optic cable
Isolation. The Class 1E to Non-1E isolation capability information between Inherently provides Ciass 1E to Non-1E
shall meet the requirements of Section 4.6.4. dules and !} i i

in the same chassis,
units

4.343E [Main Chassis Interconnect Device Surqe Withstand.  [— — N/A — Comply. Nen-conductive fiber optic cable
Surge withstand shall be as given in Sectien 4.6.2. y provides surge p i

4.3.43F |MainChassis Interconnect Device Data Acquisiion  |4.3.2.2 Safely Features  |— |ERS 5.1.3.1. Response Time |Comply
Time, Data isition time shall be inistic or Requirements

irer shall provide Information to establish
timing effect.

343G |Redungant Inter-Processor Data Acquisttion Backpiane |— — NiA — NJA. The Toshiba NRW-FPGA based PAM
Busses. Descriptive information. system hardware does not need redundant

backplane busses.

4344 Communication Port Requirements. The main — |- N/A — Exception. There are no communication ports
processor shall provide at least one communication In the Toshiba NRW-FPGA based PRM system|
port

4.34.5 Coprocessor Module Requirsments. Detailed — - N/A - NfA. There is no Coprocessor in the Toshiba
requirements for coprocessors that may be installed in NRW-FPGA based PRM system,

1O slats but contain local processing capability
independent of the main processor.
4.3.4.6 Chassis Requirements. Chassis must be suitable for  |-— 5GBHA385 PRM Unit ERS 5.2.4.1. Chassis Comﬁy
ing ina 19 inch rack, and must have Equipment Design |Requirements
ladequate strength and provide positive hold down of Specification
imodules sutficient to meet seismic withstand 3.2 Chassis
requirements.
Backup DevicesfRedundancy Requirements. e — = - Nao requirement
Descriptive information.

4.3.4.7.A |Redundant Device Requirements. Transfer to a |—- 5GBHA385 PRM Unit ERS 5.5.8 Power Supply Comply
redundant davice shall occur within the larger of the Equipment Design
main processor scan cycle or three data conversion Specification
cycles of the failed module. 3.3 Unit Power Supply

4.3.47.8 |Redundant Device Requirements. Undetected failures {— — N/A — N/A. The tailure of one LVPS module is
in redundant components shall be detectable during indicated in STATUS Module. So there are no

|periodic surveillance. d failures in redund

4.3.4.7.C [Hedundant Device Requirements. Diagnostics shall notf-- -_— NfA — N/A. The redundant LVPS modules opsrate
result in indeterminate failure states and repetitive parallel, So repetitive switching between LVPS

ing b: modules does not occur.
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Vendor Package Compliance with EPRI TR-107330
CTMITEM | SUMMARY OF PRI TR-107330 REQUIREMENTS ERS Chapter 4 Information Document | SECTION of ERS or Requirements
NO. PQAP
(or N/A or Not Applicable)
4.3.47.D |Redundant Device Requirements. Requirements for  |— - ERS 5.5.8 Power Supply Comply
affect of transfer i peration on i
module opsration.
4.3.5 F—‘ro ramming Terminal Requirements. Special — e N/A = N/A. The Toshiba NAW-FPGA systems do not
pre terminal or shall meet require end user programming terminal
the requirements of Sections 4.4.4,7.7.2and 7.5.2. hardware or software.
4.9.6 Environmental Reguirements. (section heading) — = -— —_ No requirement
4.3.6.1 Nomnal Environmental Basic Requirements, The 4.3.4 Environmental - ERS 5.5.1. Environmental  |Comply
normal PLC operating environment is: Consideration Requirements
4362 Abnormal Environmental Basic Requirements. The 4.3.4 Environmental [ LE{S 5.5,1. Environmental  |Comply
perati is: Conslderation Requirements
Environmental Withstand Specific Requirements. PLC |4.3.4 Environmental —~ ERS 5.5.1. Envionmental  |Comply
shall operate for the temperaturefhumidity profile given |Consideration Reguirements
in TR Figure 4-4 with operability as given in Section 5.3, -
Evaluations may be used to establish radiation
withstand capability.
4.3.7 EMI/RFI Withstand Requirements. The PLC shall 4.3.4 Environmental — ERS 5.5.3. EMI/RF) Exception. All requirements met except CE101
withstand EMI/RF! levels given in EPRI TR-102323. Consideration Requirements lavel given in MIL Std 461E. For the CE101
When exposed o the radiated and canducted test requirement, mitigation is needed for PRM
levels, the PLC processors shall continue to function, System Unit.
1/O data transfer shall not be interrupted, discrate IJO
shali not change state, analog IO shall not vary more
than 3%.
4,3.8 Electrostatic Discharge (ESD) Withstand Requirements.{4.3.4 Environmental — ERS 5.5.6. ESD Withstand  |Comply
The PLC shall withstand ESD levels given in EPRI TR- |Consideration Requirements
102323,
4.3.9 Seismic Withstand Requirements. PLC shali be 4.3.4 Envirenmental = ERS 5.5.2, Seismic LExcepﬁon
sultable for qualification as a Category 1 Seismic Consideration {Requirements
device. The PLC shall mest performanca requirements
during and after exposure to OBE and SSE levels
shown in TR Figure 4-5. Relay contacts of relay output
imodules shall net chatter.

4.4 Software/Finmware. (section headin — — = - No requirement

4.4.1 Executive. (section heading) — — - — No requirement

4.4.11 Background. D - — - — No requirement

4.4.1.2 Main Processor Executive Capability Requirements, — - - - No-Requirement

The main procassar executive shall: (section Heading)
4.4.12A |A Acquire inputs from the modules. -— e ERS 5.2.3 Module Comply
Requirements
44128 (B, Impl the ication program ina — [~ ERS 5.2.3 Module Comply
loop. Requirements
4.4.1.2.C |C. Load outputs to the modules. — e ERS 5.2.3 Module Comply
Requirements
4.4.1.2D0 |D. Perform p p and run time’ 4.3.6 Self-Testing - ERS 5.1.2. System Comply
Initialization .

4.4.1.2E |E. Manage cammunications. — - NIA -— NJA. The Toshiba NRW-FPGA-based PAM
systemn does not include communication ports.

4412F |[F. Upload appfication programs. = — NIA -— NJA. The Toshiba NRW-FPGA-based PRM
systemn is non-rewritable and therelore this
requirement does not apply.

4.4.1.2G |G, Supporton-line diagnostics, maint. and 4.3.6 Self-Testing -— ERS 5.1.6. Failure See Compliance Traceability Matrix items 4.4.6

troubleshooting. Detection and Self Test [and 4.7.
Requirements

4.4.1.2H [H. implement the application program functions. - — N/A — NJA. Each execution of the Toshiba NRW-
FPGA based PRM system has application logic.
[ This feature is not required.

44121 |I. Perform power-up initialze functions. 436 Self-Testing = [ERs 5.1.2 Systemn Comply

. Initialization
|Requirements

4.41.2J  |J. Implement redundancy functions. -— — N/A — N/A. The Toshiba NRW-FPGA based PRM
system does not use redundant [/O.

4.41.3 | Program Flow Contral Requirements. o - N/A — Comply. Each execution of the Toshiba NRW-
FPGA based PRM systemn application logic is
preceded by an input module data request. The|
FPGA loglc does not use interrupts.

4.4.1.4 Unintended/Unused Function Isclation Requirements. |- — — — No requirement

Descriptive informatior.

4415 Coprocessor Executive Capabliity. — — N/A — NJA. The Toshiba NRW-FPGA based PRM
|systern does not use coprocessors,

4.4.2 Media Requirements. Software media provided by the |- e N/A — N/A. The Toshiba NRW-FPGA based PRM

manufacturer shall be high quality and new. CD-AOMS system does not provide software media ta

or 3-1/2 Inch fioppy disks are acceptable, Packaging utilittes. The NRW-FPGA is not rewritable, so
shall preclude damage during shipping. Media shall be no media will be provided.

clearly labsled including revision and serfal number.

Media shall include electronic identification.
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Attact B: G | and Tracability Matrix of Units Level Requirements with EPRI-TR107330 and System Level Requirements
Vendoy Package Compliance with EPRI TR-107330
CTMITEM | SUMMARY OF EPRI TR-107330 REQUIREMENTS ERS Chapter 4 Informatlon Document | SECTION of ERS or Requirements
. (or NJA or Not Applicahle)
4.4.3 Ladder Logic Reguirements. —- — N/A - N/A. The FPGA-based PRM system
logle will be designed in VHDL, which Is a
specific hardware programming language.
4.4.4 Software Tools Requirements. A toc! shall be provided |--- - N/A - NJA. The Toshiba NRW-FPGA based PRM
for programming, debugging and documentation. system is provided with an application specific
logic. Toshiba does not need to provide end
user software tools. Therefor utifity can not
modify this logic.
4.4.5 Confiquration [dentification. (section heading) -— n — — No requirement
4.4.5.1 Configuration Identification Background. Descriptive  |— e — [— No requirement
information,
4452 Confiquration Management Aids Requirements. — = o — No requirement
Descriptive information,
4.452A |Configuration Management The PLC executive shall |- - N/A — N/A. The Tcshiba NRW-FPGA based PRM
include a retrievable, embedded electronic revision systern does not have an equivalent of a PLC
level. executive.
4.45.2.B Configuration Management. Configuration information |[— — N/A — N/A. The Toshiba NRW-FPGA based PRM
of configurable modules shall be retrievable in the field. system reconfig are anly plished
through mechanical devices {switches,
p s, elc.) provided on the hardh
4.452.C |Configuration Management. Software tools for — — N/A — NJA. The Toshiba NRW-FPGA based PRM
modifying device ions shall provide system can not modify device configurations via;
to prevent unauthorized access. software tool.
4.452D [Configuration Management. PLC end support tocls - — NA [~ N/A. The Toshiba NRW-FPGA systems do not
shall provide capability to extract and record database need to implement data bases and medifiable
i ion, including program constants. p
4.4.52E |Configuration Management. All PLC devices that 4.3.2.13 Salety Features |- ERS 5.3. Saftwara Comply
include firmware shall be marked with an identifier that Requirements
“fincludes revision level.
4.4.52.F Configuration Management. For PLCs with — - N/A — N/A.
redundancy, tools shall provide capabillity to confirm that
configurations are consistent.
4.4.6 Diagnostics Requirements. (section heading) - — — - No requirement
4.4.6.1 General Diagnostic Reguirements, PLC must have 4.3.6 Sa"—T.esﬁm - ERS 5.1.6. Failure Detection |{Comply
i i ics and test ility to detect all and Self Test
failures that could prevent the PLC from performing its |Requirements
intended safety function.
Iltems 4.4.6.1.1 through 4.4.6.1.6 mustbe covered by [~ e e (See Compliance (See Compliance Traceability Matrix ltems
on-line self test. ltems 4.4.6.1.7 and 4.4.6.1.8 mustbe Traceability Matrix 4.4.6.1.1 through 4.4.6.1.8))
|covered in power-up tests. ltems 4.4.6.1.1 through
4.4.6.1.8.)
- T ==
Shart term diagnostics changss in rodule cutputs shall [— — N/A — N/A. The Teshiba NRW-FPGA based PRM
be 2 msec or less for DC outputs and 1/2 cycle or less does not imp i i
for AC outputs. Capability to disable these diagnostics changes in module outputs.
shall be provided.
4.4.6.1.1 Processor Stall. For PLCs with redundant processors, |-— - N/A — N/A. The Toshiba NRW-FPGA-Basaed PRM
the PLC shall delect processor stall and halt operation system do not include redundant processors.
of the failed processor.
4.46.1.2 |Executive Program Error. Check of executive fimware {-— e N/A - N/A. The Toshiba NRW-FPGA based PRM
integrity using a checksum or similar test, - system does not use executive firmware,
4.4.6.1.3  |Application Program Error. Check of application — — N/A - Comply with intent. A checksum Is verified
program integrity using a checksurn or similar test. during FPGA fusemap implementation.
4.4.6.1.4 Variable Memory Eror. Read/Write memory test by — — N/A — N/A. The Toshiba NRW-FPGA based PAM
writing and reading back bit patterns that test both system does not use readjwrite memory, and
states of all bits, or similar test. the application cannot be modified.
4.4.6.1.5 |Module Communication Error. Check of 4.3.6 Self-Testing em ERS 5.1.6. Fallure N/A. The PRM system does not include a
communication data integrity. Detection and Self Test jcommunication port. However, the system will
Requirements monitor optical serial transmission data
between units.
4.4.6.1.6 Memory Batiery Law. Check of memory battery - — N/A — NJA. The Toshiba NRW-FPGA based PRM
|capacity. systern does not use memory batteries.
4.4.6.1.7  [Module Loss of Configuration. For software -~ — N/A — NJA, The Toshiba NRW-FPGA based PRM
r validate igurat systemn does not usa software configurable
modules.
4.4.6.1.8  |Fallure of Watchdog Timer. Check of operation of 4.3.6 Self-Testing - ERS 5.1.6. Failure Detection [Comply
watchdog timer. and Self Test
Reguirements
4.4.6.1.9  |Application not Executing. Fallure to complete 4.3.6 Selt-Testing - ERS 5.1.6. Failure Detection [Comply
application program scan. and Self Test
Regquirements

S ——
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Vendor Package Compllance with EPRI TR-107330
CTMIEM | SumMARY OF £PRI TR-107330 REGUIREMENTS ERS Chapter 4 Information Document | SECTION of ERS or P Reduirements
. PQAP
(or N/A or Not Applicable)
4.4.6.1.10 |Analog Output not Fallowing. Failure of analog output  [4.3.6 Self-Testing — ERS 5.1.6. Fallure Ecepﬁon. The Toshiba NRW-FPGA-Based
to follow commanded value. Detection and Self Test |PRM system does not have function to detect
|Requirements faflure of analog output follow commanded
value.
4.4.6.1.11  [Analog Input not Responding. Failure of analog input to[4.3.6 Self-Yesting — ERS 5.1.6. Failure 'E;cspﬁon. The Toshiba NRW-FPGA-Based
[respond to input signal. Detection and Self Test [PRM system does not have function to detect
Requirements failure of analog input to respond to input signal.
4.4.6.1.12 |Discrete InpuyQuput not Responding. Failure of 4.3.6 Self-Testing - |ERS 5.,1.6. Failure Exception, The Toshiba NRW-FPGA based
discrete inputioutput to operate comectly. Detection and Self Test |PRM system does not have function to detect
Requirements the failure of discrete Input/output.
4.4.6.1.13 |Analog /O out of Calibration. Analog input or output 4.3.6 Seit-Testing -ne ERS 5.1.6. Failure IComply. These diagnostic featuras are only
point out of calibration. Datection and Self Test |input signals.
Requirements
*[4.4.8.1.14 |Power Supply out of Tolerance. Power supply to PLC is[4.3.6 Self-Testing 5G8HA385 PRM System |ERS 5.1.6. Faliure Detection (Comply
linterrupted or a chassis power supply module fails. |Equipment Design and Self Test
Spacification Requirements
3.3 Unit Power Supply
4.4.6.2 On-Line Self-Test Requiraments. On-jine self-tests — — — (See Ci (See C T Matrix ltams
shall caver at least items 4.4.6.1.1 through 4.4.6.1.6 Traceability Matrix 4.4.6.1.1 lhrough 4.4.6.1.6)
above. Results shall be mads avaitable to the ltems 4.4.6.1.1 through
application program. 4.4.6.1.6)
4.4.6.3 [Power Up Diagnestics Reauirements. Power up - ~- ERS 5.1.2 System Comply
shall include all on-line self tests, itializati
configuration verification, and test of failure to complete Regq|
a scan. Application program execution shall be
inhibited H power up diagnostics detect a failure.

447 Data and Data Base, - — N/A - N/A. The Toshiba NRW-FPGA based PRM
system user defined program constants are not
supported. The system does not have a
resident data base.

4.4.8 Other Non-Laddar Logic Programming Lanquages. — -— N/A o N/A. The FPGA-based PRM system application|
legic will be designed in VHDL, whichIs a
specific hardware programming language.

4.4.9 Sequence of Events Processing Aequirements. —— — N/A [~ N/A. The Toshiba NRW-FPGA based PRM
system is provided with an application specific
logic. Sequence of events logic is not

|necessary.

4.4.10 System Integration Requirements. An apprepriate level [-— ~— (See Ci (See C: iance Tr Matrix ltem

of system integration and integration testing shall be Traceability Matrix Item [5.2.C.}
applied to the test specimen and TSAP, 52.C.)
4.5 Human/Machine Interface {HMI). (section heading) — — — - No requirement
4.5.1 Hurmnan/Machine Interface (HMI} Background. — — — — No requirement
Descriptive information,
4,52 }ﬁmulramems for Human/Machine Interface Functions. |— — [~ — No requirement
Descriptive Information.
452A HMI Functions. PLC shall support switching a loop — — N/A — NfA. The Toshiba NRW-FPGA based PRM
manual and e via switch system applications do not include loop
inputs. For control loops with |megml a::wn, controllers logics.
) tracking shalt he
4.528 HMI Functions. PLC shall support setpoint adjustments|— — ERS 5.1.3 Nominal System |Comply
wa switch inputs. A shall includa i Setpoints
and rate of chanaa of setogint,
452C HMI Functions. PLC shall support manual inftiation of |— — NfA — NJ/A. The Toshiba NRW-FPGA based PRM
|equipment via switch inputs. PLC shall support systemn application logics do not require manual
| detection of manually initiated equipment. initiation of equipment.
4.5.2.0 HMI Functions. PLC shall support display of status of  [— — ERS 5.2.3 Module Comply
discrete and continuous value parameters via Requirements
connected devices.
4.52.E HMI Functions. PLC shall support sending information [-— — NJA -— Exception. The Toshiba NAW-FPGA based
to a serial port device. Information sent shall include PHM system does not support sending
input, output and internal variable values, on-line information to a serial port device.
|diagnostics, sequence of evsms {SOE) data, and
esilts ot andhit

4.53 Requirements for Interactive Features. The PLC shall {— — N/A — N/A. The Toshlba NRW-FPGA Based PRM
provide i to prevent ized access to ided with an i
or inadvertent use of on-line functions. specific Inglc that cannot be modified. This

feature is not required.
4.5.4 Requirements for Operator Action System Response  |— - ERS 5.1.1 Basic Comply
Times. For any operator action that requires PLC Performance
lconfirmation, the PLC shall include features to enable Requirements
confinmation within 0.5 seconds.
455 Display Requirements. Status shall be easily visble.  [-— -— ERS 5.2.3 Module Comply
Requirements

4.5.6 Alarm Processing Reguirements. Descriptive — — - — No requirement

information.

4.5.6.A Alamm Processing. PLC shall have ability to compara |- — ERS 5.1.1 Basic Comply

inputs or derived parameters to setpcints. Performance

4.5.6.8 Alarm Processing. PLC shall have ah1|ty to latch an — -—- ERS 5.1.1 Baslc Comply

alam condition and reset based on alarm reset Performance

4.56.C  |Alam Progessing. PLC shall have ability o blinkan | — — NA - Exception. The PRM System provides alarm

output indicatar. signals to the plant annunciator system, which
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Vendor Package

Compliance with EPRI TR-107330

modules shall provide isolation of at Jeast 600 VAG and
250 VDG applied for 30 seconds. Isolation features
shall contorm to IEEE 384. Isolation testing shall be

performed on the modules.

requirements

CTMITEM | o\ \MMARY OF EPRI TR-107330 REQUIREMENTS ERS Chapter4 Information Document { SECTION of ERS or Requirements
NO. PQAP -
{or N/A or Not Applicable)
4.5.6.D Alarm Processing. PLC shall have ability to - — N/A — [Exception, The PRM System provides alarm
acknowledge an alarm. signals that lock in until the alarm condition
clears and Is resst.
4.5:6.E Alarm Processing. Application program shall have 4.3.6 Seli-Tesling —- ERS N/A. The Toshiba NRW-FPGA-Based PRM
ability to capture results of self-diagnostics. system does not use application program to
{Requirements capture results of self-diagnostics.
4.5.6.F Alamn Processing. Application program shall have — — N/A -~ NJA. The Toshiba NRW-FPGA-Based PRM
ability to store resulls of items A through E in a buffer system doas not use communication perts.
and transmit the data via a communication port.
457 Hard Manual Backup. Descriptive inforration. - - - - -INo requirement
4.6 Electrical. (ssction header) - — -— - No requirement
4.6.1 Power Supply Requirements. (section heading) —- — - ke Na requirement
4.6.1.1 PLC Power Sources and Power Supply Requirements. |— — g — No requirement
Descriptive information.
4.6.1.1.A° |Power Sources. AC sources shall operate from at least [ 5G8HA385 PRM System |ERS 5.5.8. Power Supply Comply.
90 VAC to 150 VAC and 57 to 63 Hz. Equipment Design
Specification
AC sources shall operate at the temperature and 2.9 Environmental
humidity range given in Section 4.3.6. Conditions
4.6.1.1.B  |Power Sources. DC sources shall operate from at least |- — N/A -— N/A. The Toshiba NRW-FPGA systems are not,
20.4 VDC 10 27.6 VDC. connected DC power sources.
DG sources shall opérals atthe temperature and
humnidity range given in Section 4.3.6.
4.6.1.1.C  |Power Sources. DC sources shall operate for seven - . N/A . N/A. The Toshiba NRW-FPGA systems ara not|
days from a 30 VDC source. DG power sources.
4.6.1.1.D F'owsr Sourcss. Sources shall be capable of supplying |- 5G8HA385 PRAM System |ERS 5.5.8. Power Supply Comply
1.2 times bus loading for a fully lcaded main chassis. Equipment Design
Specification
3.3 Unit Power Supply
53BHA386 APRM/LPRM
Unit Equipment Design
Specification.
3.4. LVPS madule
|5G8HA381 FLOW Unit
Equipment Design
| Specitication.
4.6.1.1.E  [Power Sources. Sources shall be capable of supplying |-— — N/A - N/A. The Toshiba NRW-FPGA based PRM
1.2 times bus loading for a fully loaded expansion system LVPS Module does not supply power for|
chassis. expansion chassis.
4.6.1.1.F Fower Sources. Hold up tme for AC supplied power  [— 5GBHA385 PRM System |ERS 5.5.8. Power Supply Camply
sources shall be 40 msec. Equipment Design
Specification
2.9 Environmental
Conditions
4.6.1.1.G|Power Sources. Sources shall meet the EMI/RFT, surge|— — -~ {See Compli (See C: It T bility Matrix tem 4.3.7
jithstand and ESD requi of Sections 4.3.7, Traceabllity Matrix Item |EMI/RFI)
4.62and4.3.8. 4,3.7 EMI/AFY) (See Compliance Traceability Matrix ltem 4.6.2
(See Compliance Surge)
Traceability Matrix ltem |(See Compliance Traceabllity Matrix tem 4.3.8
4.6.2 Surge) ESD)
(See Compliance
Traceability Matrix Item
4.3.8 ESD)
Sources shall meet the grounding requirements of - - —- (See C 1l {See Compliance T bility Matrix ltem
Section 4.6.8. Traceability Matrix ltem (4.6.8.)
4.6.8)
4.6.1.1.H  |Power Sources. Requirements for fan cooled power  |— = N/A - NJA. The Toshiba NRW-FPGA based PRM
sources. systemn does not use power supplies with fan.
4.6.1.1.1 Power Sources. Faults in redundant power sources — - ERS 5.5.8. Power Supply Comply
shall not prevent operation of the altemate supply. .
4.6.1.2 Loop Power Supply Requirements. Power supply — — ERS 5.2.3 Moduls A, B, C, H- NJA.
modules shall be provided for external devices. Requirements F - (See Compliance Traceability Matrix item
Modules shall provide at least 500 mA at 24 VDC. The 5.3K)
d shall mest A,B,C,F.GandH G - {See Compliance Traceability Matrix Item
above. L_ 4.3.7 EMIRFI, Item 4.6.2 Surge, ltem 4.3.8
)
4.62 Surge Withstand Capabllity Regulrements. PLC 4.3.4 Environmental 5G8HA38S PRM System |ERS 5.5.4. Surge Withstand (TR Discrepancy. Power saurces mest surge
platform shall withstand IEEE C62.41 ring wave and Ci i i Design | Requirement |withstand criteria. |EEE C62.45 does not
i wave, 3000 volt peak surges. Withstand | Specification laddress surge testing of IO and
\capability applies to power sources, analog and discrete 2.9 Environmental communications circuits. These circuits were
1/O interfaces, and communication port interfaces, Per Cenditions tested in accordance with RG 1.180, IEC
Section 6.3.5, surge testing shall be conducted per 61000-4-5, and IEC 61000-4-12. All circuits
IEEE C62.45., met TR Section 4.6.2 acceptance criteria.
4.6.3 Separation. Descriptive information. - [ — -— No requirement
4.6.4 Class 1E/Non-1E lsolation Requirements. The PLC 4.3.2.4 Safety Features |- ERS 5.5.7. Isolation Comply
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all PLC hardware interconnecting cabling. All cabling
shall be suitable for UL Class 2 service. Specifically,
withstand rating shall be larger of 3 times the signal
level voltage or 150 volts. Temperature rating shall be
60°C or greater. Vendor shall identify the quantities of
PVC type wire and cable used in the system.

Vendor Package Compliance with EPAI TR-107330
CTMITEM| o\ )\MARY OF EFRI TR-107330 REQUIREMENTS ERS Chapter 4 Information Document | SECTION of ERS or Requirements
NO. PQAP
(or NfA or Not Applicable)
4.6.5 Cable/Wiring Requirements. Manufacturer shall supply |-—- — ERS 5.2.4.2. System Cables [Comply

and Connectors

4.6.6 Temination Requirements. Modules shall be able to be|-— — N/A — Exception. Back Pane! modules are cable-
removed without disconnecting field wiring. connected, so module removal requires cable
. discannertion,
|Feanres shall be provided to substitute test signals or  |— — ERS 5.2.4.6. Termination Comply
itoring i for field i Requirements
Connectors to the PLC shall have positive hold down
mechanisms.
Connectors and terminations to the PLC shall be -~ - ERS 5.2.4.6. Termination Comply
qualified with the generic PLC. Requirements
4.6.7 Backup Power. Descriptive information. — — — — No requirement
4.6.8 Greunding/Shielding Requirements. The PLC — — ERS 5.2.4.5. Comply
equipment shall meet IEEE 1050 and EPR| TR-102323 Grounding/Shielding
grounding requirements. This includes supporting Reguirements
to single point, multi-paint and fieating
ground systems, and providing separate ground
points on each chassis for AC ground, DC
ground, and signal ground.
The PLC equipment shall meet IEEE 1050 and EPRl |- — ERS 524.5. Comply
TR-102323 shielding requirements. This includes Grounding/Shielding
providing shielding connection points for the IfO medule Requirements
field terminations.
4.7 Maintenance. (section heading) -~~~ — — — No requirement
471 Maintenanca Background. Descriptive information. [~ — — -— No requirement
4.7.2 Diagnosis/Built-In Testability Requirements. — — — — No requirement
Descriptive information.
4.7.3 Module Replacement Requirements. The PLC shall 4.3.5 Maintenance — ERS 5.8 Maintenance Comply
contain features to aid in module replacement. Provisions Requirements
The maintenance manual shall contain a description of |— — 9.1.3. Users Manual Comply
any hardware configuration item for each module.
The medule hald downs shall be easily accessible and  [4.3.5 Maintenance had 6.8. Maintenance Comply
provide easa of removal and reil i Provisi Requirements
6
4.7.4 Preventive Majntenance Requirements. Equipment — — ERS 9.1.3. Users Manual Comply
shall contain p 3 i
identified in Section 4 7R 2
4.7.5 Surveillance Testing Requirements. The PLC shall e = ERS 5.8 Maintenance Comply with intent. Although the Toshiba
support IEEE 338 surveillance testing. Requirements NRW-FPGA based PRM system does not
4. support the listed abilities, the hardware can
support IEEE 338 Surveillance Testing,
including Channel Checks, Calibration
Verification, Functional Tests, Time Response
Tests, and Analog Trip Signal Tests.
4.7.6 Output Bypass/Control Devices. Descriptive — -~ -— ~- No requirement
linformation.
477 Hat Repair Capability. The PLC shall support instalfing |- — N/A — Exception. The Toshiba NRW-FPGA based
1JO modules with backplane powér applied. Low power PRM system does not support on-line removal
tmodules shall support removal with field power applied. or installation of components.
'When output modules are removed from the backplane,
the state of the outputs should be known.
4.7.8 Manufacturer System Life Cycle Maintenance. (section |[— [ — — No requirement
|heading)
4.7.8.1 lacement Life Cvcle Aequirements. The 4.3.5 Maintenance — ERS 5.8 Maintenance Comply
baseline configuration of the qualified PLC shall be {Provisions |Requirements
ok A
Records shall be maintained for revision history and 4.3.5 Maintenance — ERS 5.8 Maintenance Comply
changes. ) |Provisicas Requirements
7
Records shall be maintained for tracidng failures. 4.3.5 Maintenance — ERS 5.8 Maintenance Comply
Provisions Requirements
ré
Testing shall be p: as yto maintaina [4.3.5 — ERS 5.8 Maintenance Comply
qualified platform based on future revisions or Provisions {Requirements
7.
Hl:'ﬁhe information necessary fulfill these task shall be 4.3.5 Maintenance — ERS 5.8 Maintenance Comply
obtained from manutacturer. Provisions Requirements
7.
4.7.8.2 Component Aging Analysls Requirements. A periodic |-— — ERS 5.4. Design Life Comply
surveillance and maintenance interval shall be
determined per IEEE 323 to account for any significant
aging mechanisms.
47.9 Maintenancs Human Faclors. Descriptive information. [— — = — No requirement
47.9.A Spectal PLC Manufacturer Equipment The — — N/A — NJA. No special tools required for routine
manufacturer shall provide documentation for PLG maintenance.
|suppon equipment.

124/134




FPG-RQS-C51-0001Rev.7 Attachment B

Attachment B: Compliance and Tracability Matrix of Units Level Requirements with EPRI-TR107330 and System Level Requirements

Vendor Package Compliance with EPRI TR-107330
CT“:‘ o EM| SUMMARY OF EPRI TR-107330 REQUIREMENTS ERS Chapter 4 Information Document SECT'%:LERS or Requirements
- {or N/A or Not Applicable)
4.7.9.8 TYest Equipment Connections. Test equipment —-- — ERS 9.1.3. Users Manual Comply
connec(lons shall be supported by documentation and
ton devices. The
manufaclumr shall pravide any special instruction for
use of test equipment connections.
4,7.9.C Job Aids. Aids for operating the PLC equipment shall  [-— — ERS 9.1.3. Users Manual Comply
be provided. -
4.7.9.D0 Help Screens. Help screens for software used to — — N/A - N/A. The Toshiba NRW-FPGA systems do not
support maintenance shall be provided. include software to support maintenance.
4.8 Requirements for Third Party/Sub-Vendor ltems. All -~ — ERS 5.11. Requirements for [Comply
items provided by sub-vandnrs or third parties shall be Third Party/Sub-Vendor
jected to all and tests. tems
Campatibility of cperation wnh the PLC shall be
demonstrated through tests.
4.9 Other. {section heading) — — - — No requirement
4.9.1 Data Handling and Communication Interface Overview, |--- - e - No requirement
Descriptive information.
4.9.1.1 Peripheral Communication Requiremnents. The PLC -~ — N/A — . NfA. Toshiba NRW-FPGA based PRM system
executive and/or application software tools shall provide) does not use a peripheral communication port.
features to prevent los of serial communication from
the Communication
overhead time shall be de(en'mmsnc Peripheral
communications shall support at least 1000 character
communication buffers. (Note: 1 character = 1 byte. A
real var(able uses 8 bytes or eight characters). Serial
tions shall support check {or )|
data quality checks. Requirements for nadundan(
communication hardware.
4.91.2 PLC Peer-to-Peer Communication Requirements. - -— N/A -— NJA. The Toshiba NRW-FPGA based PRM
Peer-to-peer link shall meet requirements of Section system does not use peer-to-peer
4.3.4.4, oxcept item B. Communication tme shall be communication links.
deterministic. Communication errors shall not affect
other portions of the application program or inhibit the
PLC scan cycle. Qususs for communicated data shall
ba supported and queue status shall be avallable to the
communication program. Loss of commumlzmon shall
be and made available to the i
program. Use of the peer-to-peer commumication link
shall support the response time requirement given in
Section 4.21.A,
4.9.2 Overall System Security Requirerents. Switching the [4.4.3. Calibration —— ERS 5.1.5. Instrument Modes|Comply
main processor from RUN mods to other modes shall
be by keytock switch.
Features shall ensure that redundant components -— — NIA - N/A. The Toshiba NRW-FPGA based PRM
operate in the same mode, and that program changes systern does not use redundant processors.
ara loaded into all redundant processors.
Provisions shall prevent modification of the application [-— — N/A - N/A. The Toshiba NRW-FPGA based PRM
program and operating system while the PLC in on-line. system does not need modification of the
application logic. and do not use an operating
system software or firmware.
4.9.3 Heartheat Requirements. The PLC shall provide e — N/A — Exception. The Toshiba PRM hardware does
ity to activate a *heartb external to the PLC. ot include an available output point to operate
an external *heatbeat” indicator.
4.94 Hazardous Materials Requirements, Material data - — ERS [5.10, Material Comply
sheets shall be provided for all i [requirements
it with the PLC.
4.10 Shipping and Handling Requirements. Packaging and {— an ERS 8. Packaging and Comply
|shipping shall be in accordance with ANSI N45.2.2. Shipping
4.10.1 Packaqging Requirements. Descriptive information. - - — - No requirement
4.10.1.A hems Shipped. Shall be packaged to avoid damaga or |- - ERS 8.1. Packaging Comply
due to various envil and Requirements
facmrs which may be encountered during shipping and
orane
4.10.1.B M Packagmg shall indlude desiccant - — ERS 8.1. Packaging Comply
Requirements
— — ERS 8.1. Packaging Comply
Requirements
from
4.10.1.0  |ltems Shipped. Cushioning shall be pmv:ded to protect |--- — ERS 8.1. Packaging Comply
aqainst shock and vibration. Requirements
4.10.1.E Items Shipped. Items and containers shall be marked [—- — ERS 8.1. Packaging Cemply
with appropriate identification. Reguirements
4.10.1.F tems Shipped. Copies of packing lists shall be om — ERS 8.1. Packaging Comply
included with each carton shipped. Requirements
4.10.1.G hems Shipped. ESD sensitivaitems shall be - — ERS 8 3. Packagmg Comply
aj i packaqged, handled and marked.
4.10.1.H  [Items Shipped. Packaging shall be suitable for — — ERS B 1. Packaglng Comply
movement using hand trucks, | Requirements
4.10.1.1 ltems Shipped. Special handling or storage = - ERS 8.1. Packaging Comply
requirements shall be marked on the containers. F i
4.10.4J lems Shipped. See Section 4.4.2 for requirements for |--- — N/A —_ N/A. The Toshiba NRW-FPGA based PRM
software storage media. system does not pravide software media to
utilities. The NRW-FPGA is not rewritable, so
no media will be provided.
4.10.2 Shipping Reguirements. Requirements for mode of e e ERS 8.2, Shipping Comply
shipping, use of fully enclosed vehicles, special Requirements
handhng and stacking |nstruchons as necessary, and
and LOVers
4.10.3 Storage Requirements. Storage and shelf life — — ! IER—S' 8.3, Storage Comply
F

L requirements shali be provided for all PLC jftems.
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Vendor Package Compliance with EPR! TR-107330
e gEM SUMMARY OF EPRI TR-107330 REQUIREMENTS ERS Chapter 4 Information Document SEC"?,';;:,ES or Requirements
' . (or N/A or Not Applicable)

5 Acceptance/Qperability Testing. Descriptive -— — e — No requirement
information.

5.1 |Acceptancs/Opserability Testing Overview. The - - [-— (See C (See C i T bility Matrix ltem
|develepment, design and performance of acceptance Traceability Matrix item [8.14.)
testing shall use the documentation requirements of 8.14,)

Secticn 8.14.

5.2 Pre-Qualification Acceptance Test Requirements. - — ee - No requirement
Descriptive information.

5.2.A Application Objects Testing. Testing of the softwara --n — NfA — Comply with intent. FPGA has no software, but
objects in the PLC library shall be performed. This all 1 progrems are ped using
testing shall be in addition to any testing performed by Funcﬂcnal Elements (FEs). FEs are similar to
the manufacturer. Application software objects (ASOs). FEs are

completsly tested using pattern test methods.
The pattern tests are considered to ba
|comparable to application software objects
acceptance (ASOA) tests.

5.2.B Initial PLC Calibration. The generic qualification sample|— — ERS 7.2.1 System tests B. |Exception. Toshiba's calibration program Is
PLC shall be calibrated to NIST traceable sources. to Ji

5.2.C System Integration, System integration tesﬁng portion |- — |ERS 7.2.1 System tests C, |Comply
of TSAP V&V shall be performed durin: tance
Operability Tests. The Operability Test shall be — — ERS 7.2.1 System tests D, |Comply

erformed during_acceptance testin

52.E Prudency Tests. The Prudency Test sha!l be performed |-— — ERS 7.2.1 System lests E.  [Comply
during acceptance testing.

52F Burm-In Test. A minimum 352 hour burn-in test shall be [--- - : ERS 7.2.1 System tests G. |Comply
| performed during acceptance testing.

53 Operabillty Test Requiraments. Descriptive — - t — No requirement
information,

5.3.A Accuracy. Accuracy checks shall be performed onthe |-~ — ERS 7.2.2 A. Accuracy Comply
analog input/output modules.

5.3.B |Response Time, Response tme of analog input to — — ERS 7.2.2 B, Response time |Comply
digital output and digital input to digital cutput
sequences shall be measured. Forbaseline

testing, the p criteriaIs that tha
Imeasured response time shall not vary more than 20%
from the value calculated from manufacturer's data,
Forall testing, the value shall not|
'vary more than 10% from the bassline.

5.3.C Discrets Input Operabliity. Discrete inputs shall be — (— ERS 7.2.2 C. Discrate input |Comply
tested for capability to dstect changes in the inputs. operahility

5.3.0 Discrete Output Operability. Discrete outputs shall be  |-— e ERS 7.2.2.D. Discrete output [Comply
tested for ability to operate within rated voltages and operability
currents.

5.3.E Communication Operability. If any communication - o~ N/A - NJA. The Toshiba NRW-FPGA based PRM
functions are included in the quatification envelopa, then systems doas not use external communication
operability of the ports shall be tested. Tests shall look ports.
for degradation in bit rates, signal levels and pulsa
shapes of communication protocol. )

5.3.F Coprocessor Operability. If any coprocessors are — — NJA - N/A. The Toshiba NRW-FPGA based PRM
included in the qualification envelope, then tests shall system does not use coprocessors.
be performed specifically on these coprocessors.

5.3.G Timer Tests. Accuracy of timer functions shall be — — N/A - N/A. The Toshiba NRW-FPGA based PRM .
tested. systemn does not uss timer functions.

5.3.H Test of Failure to Complate Scan Detection. The — — NJA — NJA. The Toshiba NRW-FPGA based PRM

. function of the mechanism to detect lailure to complete system does not need scan fallure datection.
a scan shall be testad. The power up testing of this
feature may be used 1o establish its operability.
5.3.1 Failover Ogerab‘hy Tests. If redundancy with — — N/A — Comply. Change to the redundant AC power
transferto a device is used, tests source test is parformed in prudency test
shall be performed to establish operability of the failaver|
hardware.
534 Loss of Power Test. The AC and DG power sources  [— -— ERS 7.2.2.F. Loss of Power [Comply
lied. Test
Power intemupt Test. The AG power sources shallbe  |— — ERS 722 G. Power Comnply
ime. *lmmzh;-nﬁ@
uirements. The Prudency tests |— — ERS 7.2.3 Prudency Test Comply
shailbepedomedwmmepmrersupplysouwalme .

5.4.A Burst of Events Test. Tests shall be performed to verify|— - ERS 7.2.3.A. Burst of Events [Comply
operation of the PLC under highly dynamic input/output R Test
variation conditions.

Eailure of Serial Port Receiver Test. The receiving -— - NIA -— NJA. The PRM systern does not use a serial
device connected to the main processor serial ication port. This Fallure of Serial Port
communication port shall be simulated to fall in various |Receiver Test will be performed instead for the
modes. PLC response time shall be verified to nat PRM optical serial transmission pert.

degrade unacceptably.

5.4.C Senial Port Noise Test. The transmitlineto themain |~ - N/A — NJA. The Toshiba NRW-FPGA based PRM
processor serial communication shall be subject to system uses fiber optic cable. The ability of the
white noise. PLC response time shall be verified to not PRM to withstand noise on the fiber optic link
degrade unacceptably. will be evaluated during a comparable prudency|

test.

5.4.0 Fault Simulation. For PLCs thatinclude redundancy,  |— — ERS 7.2.3.0. Fault Comply
fallures in redundant elements shall be simulated. |Simulation Test
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NO.

CTM ITEM

SUMMARY OF EPRI TR-107330 REQUIREMENTS

ERS Chapter 4

Vendor Package
Information

Document

SECTION of ERS or
PQAP

Compliance with EPRI TR-107330
Requirements
{or N/A or Not Applicable)

5.5

Operability/Prude estin licabitif
Requirements. As a minimum, Operability and
Prudancy tests shalt be performed:

- During acceptance testing: Operability ~ All, Prudency
— All
- During enwviron. testing: Operability — All, Prudency —

All
- During selsmic testing: Opsrability— All, Prudency —
All

- After seismic testing: Operabllity — All, Prudency —
None
- During EM)/RFI testing: Operability — All except
analog 110

checks, Prudency - Only burst of events test

- After ESD testing: Operability — All, Prudency - Nona

ERS

7.2.4. Operability.and
Prudency Tests
Applicability

TR Discrepancy. Due to short duration of
seismic SSE tests, and special set-up required
for the EMI/RF1 tests, Operability and Prudency
Tests cannot be performed at thosa times.

5.6

| Application Software Objects Acceptance (ASOA)
Testing. Requirements for ASOA testing. Based on N/A/
to ASDA testing, Section 5.6 requirements are not
included in this table

N/A

Comply, see Section 5.2.A.

Qualification Testing and Analysis. Descriptive

Information.

No requirement

6.1

Qualification Process Overview. Descriptive

information.

No requirement

6.1.1

PLC System Qualification Overview. Descriptive
information.

No requirement

6.2

PLC System Test Confiquration Reguirements.
Descriptive information.

No requirement

6.21

Test Specimen Hardwara Confiquration Requirements.
I i shall be developed and

d i with the I of
Sections 6.5 and 8.6.2

(SeeC

{SeeComp Traceability Matrix Item 6.5

Traceability Matrix item
6.5and 8.6.2)

and 8.6.2)

6.2.1.A

Module Types. The test specimen shall include at least
one type of module needed to encompass the
requirements of Section 4.3. Muitiple samples of
configurable modules shall be included to cover the

iffe For T/C modules, only one T/C
type needs to be tested unless different types use
ditferent signal conditioning.

N/A

Comply.

6.2.1.8

Module Types. The test specimen shall include
modules needed to suppart Operability testing.

N/A

Comply.

6.21.C

Ancillary Devices. The test specimen shall include at
Ieast one of each type of ancillary device needed to
meet the TR requirements.  ~

N/A

Comply.

6.21.0

Chassis Types. The test specimen shall include at least|
one of each type of chassis needed to meet the TR
requirements. Connections between chassis shall use
maximum permissible cable lengths.

N/A

Compiy.

6.21.E

J'F’owerSgQ@e& The test specimen shall include the
power supplies needed to meet the TR requirements.

| Additional resistive foads shall be placed on each power]
supply cutput so that the power supply cperates at rated
conditions.

NjA

Comply.

621.F

Dummy Medules. Dummy modules shall be used to fill
all remaining slots In the maln chassis and at least ona
expansion chassis. The dummy modules shall provide
a power supply and weight load approximatsly equal to
an eight point discrete input module.

N/A

Comply.

62.1.G

Termination Devices. The test specimen shall include
at least cne of each type of tetmination devics and
|associatad cabling used to provide field connections.

ERS

7.3.1.1. Test specimen

t
and Arrangement
Requirements

Comply

621H

Redundant Devices. The test specimen shall include
any devices needed to iImplement any redundancy
[included in the qualification envelope.

ERS

7.3.1.1. Test specimen
b c
L

and Arrangement
Requirements

Comply

6.2.1.

Additional Modules. The test specimen shall include
any additional modules needed to support Operability
and Prudency testing and to support module
arrangement variations,

7.3.1.1. Test specimen
Hardware Configuration
and Arrangement
Requirements

Comply

6211

Test Specimen Hardware Arrangement Requlrements.

Descriptive information.

N/A

622,

Test Specimen fication SAP]
Confiquration Requirements. Descriptive informatien.

ERS

7.3.1.2. Test

N/A. The Toshiba NRW-FPGA based PRM

Requirements

system is pi d with an specific
logic. Operability and Prudency testing is
designed around the exIsting appllcation logic.
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3 and 5% damping.

Vendor Package Compliance with EPRI TR-107330
CTo ITEM | SUMMARY OF EPRI TR-107330 REQUIREMENTS ERS Chapter 4 infarmation Document | SECTION of ERS or P Hequirements
. PQAP
{or N/A or Not Applicable)

6.22.1 Coprocessor TSAP Requirements. If a coprocessor  |— N/A = NJA. The Toshiba NRW-FPGA based PRM
uses a high-level language, then it shall have its own system does not use coprocessors.
TSAP which implements the given functions.

623 Test Support Equigment Requirements, Test — ERS 7.3.1.3. Test Support  [Comply

to support A and O i Equipment
testing shall be provided. |Requirements

623.A Test Support Equipment. Equipment shall include - ERS 7.3.1.3. Test Support  {Comply
panels for connecting and simulating inputs and Equipment
outputs. IRequirements

6238 Test Support Equipment. Equipment shall include test |- ERS 7.3.1.3. Test Support  {Camply
and measuremant equipment with required accuracy. Equipment

6.23.C Tast Support Equipment. Equipment shall Include -~ ERS 7.3.1.3. Test Support  [Comply
special tools and devices needed to support testing. Equipment

Reguirements

623.D Test Support Equipment. All test equipment shall be [ ERS 7.3.1.3. Test Support  |Comply

controlled per |EEE 498, Equipment
Requirements

6.3 Qualification Tests and Analysis Requirements. Al bl ERS 7.3.2. Qualification Comply
testing shall be performed on a calibrated system with Tests and Analysis
all user setpoint values adjusted to defautt values. requirements

6.3.1 Aging Requirements. Testing shall include — ERS 7.3.2.1. Aging Comply

i it (ESD), seismic, Requirement
EMIRFI and surge withstand testing. Environmenta!
testing shall be performed first.

632 EMI/RFI Test Requirements. EMI/RFI testing to be = ERS 17.3.22. EMI/RFI Test  |Exception. The EMI/RFI Test was parformed at
performed as described in Section 4.3.7. Susceptibility Requi the i levels and the equip passed,|
tests to be performed at 25%, 50% and 75% of so no further threshold tesling was required.
specified levals in addition to the specified levels.

6.3.2.1 EMIfRFI Mounting Requirements. Test specimen shall [— N/A — Exception. Due to space limitations of Wyle
be mounted on a non-metallic surface six feet above Labs EMYRFI chamber, test specimen was
fioor with no secondary enclosure. mounted less than six feet above floor. Test

i was nnanen metal rack that]

6321 [EMI/RF! Mounting Requirements. PLC shall be — |ERS 7.3.2.3. EMI/RFI Test  |[Comply

ded per s i Mounting Requirement

6.3.3 [Envirunmemal Testing Requirements. Testing shall be [— ERS 7.3.2.4. Environmental |Comply

using the and relative humidity Test Requirement
profile given in TR Figure 44. Margin shall be applied
to and mini i P and
humidities. Power sources shall be set to maximize
heat dissipation. PLC shall be energized with TSAP
operating. One-half of all discrete and relay outputs
shall be on and energized to rated current. All analog
outputs shall be set to one-half to two-thirds full scale
output.

6.3.3.1 Environmental Test Mounti uiraments. PLC shall [~ ERS 7.3.2.4.1. Comply
be d on a simple Air temp e at Environmental Test
bottom of chassis shall be monitored. No additional Mounting Requirement
icooling fans shall be included.

6.34 Ssismic Test Requirements. PLC shall be vibration — ERS 7.3.2.5. Seismic Test  |[Comply
aged using five OBEs with the RRS as shown in TR Regquirement
Figure 4-5 followed by an SSE with the RRS shown in
TR Figure 4-5. Testing shall conform to IEEE 344. Tri-
axial, random, multi-frequency tests shall be used.

Repairs during testing shall conform to [EEE 344,

Seismic Test Mounting Requirements. Test specimen [— rEﬁS 7.3.25.1. Seismic Test |Comply
shall be per s T i Mounting Requirement
IMounting structure shall have no resonances below 100

Hz. Most susceptible mourting configuration shall ba

tested. All mounting screws shall be torqued to known

values,

6.34.2 Seismic Test Measurement Requirements. Relay -n ERS 7.3.2.6. Seismic Test  |Comply
contacts shall be monitored for chatter. One half of the Measurement
relays shall be energized and on halt de-energized. Requirement
One quarter of the relays shall transition from ON to
OFF and one quarter from OFF 1o ON during the tests.

The PLC shall be powered with the TSAP operaling.

One half of the digital cutputs shall be ON and loaded to

their rated cument. Power sources shall be at lower .
voltage and frequency limits. One or more respanse

accelerometers shall be mounted on each chassis.

6.34.3 Selsmic Test Performance Requirements. Seismic test [--- ERS 7.3.2.6.1. Selsmic Test |Comply
shall inciude a resonance search, five OBE's, one SSE Performance
and an Operability test. Requi

6.3.4.4 Seismic Test Spectum Analysis Requirements. The  f— ERS 7.3.2.6.2. Seismic Test [Comply
test response spectrum from the control and specimen Spectrum Analysis
response acceleromatars shall be reported at 1/2, 1, 2, Requirement
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tolerance testing shall be performed during acceptance
testing, at the end of the elevated temperature test while]
still at high temperature and following seismic tests.
The same AC source shall be connected to redundant
power supplies during testing.

Vendor Package Compliance with EPRI TR-107330
CTMITEM | SuMMARY OF EPRI TR-107330 REQUIREMENTS ERS Chapter 4 information Dacument [ SECTION of ERS or Requirements
. : (or N/A or Not Applicable}

6.3.5 Surge Withstand Capability Testing. Surge testing shall[-— [-— N/A — [[N/A. TR discripancy. See Compilanca
be conducted per Section 4.6.2 and |EEE C62.45. Traceability Matrix ltemn 4.6.2

6.3.5.1 Surge Withstand Test Mounting Requirements. Test |- — ERS 7.32.7.1. Surge Exception. Due to space limitalions of Wyle
specimen shall be mounted on a non-metallic surface Withstand Capability  |Labs EMI/RFI chamber, test specimen was
six feat above fioor with no secondary enciosure, PLG Test Mounting mounted less than six feet above floor. Test
shall be grounded per manufacturer's Requi I was on open metal rack that
recommendations. provided no significant shielding. Test

pecil was g per f: r's
recommendation..

6.3.6 GClass 1E to Non-1E Isolatlon Testing. Test specimen |{— - ERS 7.3.28. Class 1E b E: i Due to space of Wyle
shall be mounted on a nen-metallic surface six feet Non-1E Isolation Test  |Labs EMI/RFI chamber, test specimen was
above floor with no secondary enclosure. PLC shall be Requirement mounted less than six feet above floor. Test
grounded per fa r's T dati |spectmen was mounted on open metal rack that]

rovided no significant shielding. Test

64 Other Tests and Analysis. (section heading) — -~ = = No requirement

6.4.1 EMEA. An FMEA analysis of the PLC shall be pu — [ERS 5.1.7. Comply
performed. | Avaitability/Reliability

| Beauirements

6.42 Electrostatic Discharge (ESD) Testing Requirements. [~ — ERS 7.3.2.10. ESD Test Comply
ESD testing of the PLC shall be performed per EPRI Requirement
TR-102323,

6.43 Power Quality Tolerance Requirements. Pawer quality [-— -~ LEiRS 7.3.2.11. Power Quality |Comply

i

Tolarance Requirement

LFl@uiremems for Compliance to Specifications. Test |[—

of 10 CFR 50, Appendix B.

6.4.4 - ERS 7.3.3. Requirsments for |Comply
shall be Compliance to
considered. Compliance to specifications shalt be Specifications
considered for @ach module or grouping of modules.
64.4.A Environmental Test Compliance. Envii -~ [— ERS 7.3.3. Requirements for | Comply
Operability test results shall be evaluated for Compliance to
i to specifications. ificati
6.44.8 Seismic Test Compliance. The seismic levels achieved |— - ERS 7.3.3. Requirements for jComply
during testing shall be used as the seismic withstand Compliance to
trespanse spectrum. Specifications
6440 Class 1E to Non-1E Test Compliance. Test levels shall [— — |ERS 7.3.3, Requirements for [Comply
be checked for compliance ta Section 4.6.4 Compliance to
6.44.D Surge Withstand Test Compliance. Testlevels shall be [— [~ ERS 7.3.3. Requirements far [Comply
|checked for compliance to Section 4.6.2 spedifications. Compliance to
ifications
B.44.E EMI/RF] Test Compliance. PLC perfoermance shall be [— — ERS 7. Requirements fer |Comply
checked for compliance to Section 4.3.7 specifications. Compliance to
6.4.4.F Power Quality Test Compliance. Results shall be - — ERS 7.3.3. Requirements for |[Comply
for i [ ons 4.6.1 and 4.2.3.7 Compliance to
" Specifications
6.44.G ASOA Test Compliance. Results shall be evaluated for |— -~ NJA — Comply, see Section 5.2.A.
i to Section 5.6 requi
6.4.4.H Quality Assurance Program Compliance. Results of — — PQAP 9 Control of Purchased |Comply
audits of manufacturer's QA Program shall be checked Matrial, Equipment, and
for i to Section 7 requi) Services
139 Reviews, Audits and
Survellance
6.4.5 Human Factors. Descriptive information — —- — - Nao requirement
6.5 Quality Assurance Measures Applied to Qualification — — - bt No requirement
Testing. (Section Heading)
6.5.A Quality Assurance Maasures Applied to Quallfication  {— — NfA - Comply. FPGA logic meets the requirements of]
esting. Test program TSAP development shall meet 10 CFR 50, Appendix B.
the requirements of 10 CFR 50, Appendix B.
6.5.B Quality Assurance Measures Applied to Qualification —_ — LOAP 13.3 Qualification Comply
Testing. Hardware procurement shall meet the Testing
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Throughout Product Life Cycle. Descriptive Information.

Vendor Package Compliance with EPRI TR-107330
EM
c'n\:' g SUMMARY OF EPRI TR-107330 REQUIREMENTS ERS Chapter 4 Information Document | SECTION of ERS or Requirements
. (or NfA or Not Applicable)
6.5.C Quality Assurance Measures Applled to Qualification  |— - PQAP 13.3 Qualification Comply
Testing. Test specimen chain of custody shall meet the Testing
requirements of 10 GFR 50, Appendix B.
6.5.D Quality Assurance Measures Applied to Qualification  |-— — PQAP 13.3 Qualification Comly
Testing. Tests and data analysis shali meet the Testing
requirements of 10 CFR 50, Appendix B.
7 Quality Assurance. Descriptive infarmation, - - - - No requirement
7.1 QA Overvlew. Descriptive information. - — — == No requirement
7.2 10 CFR 50 Appendix B Requirements for Safety- - e e - No requirement
Related Systems. Descriptive infarmation.
72.A 10 CFR 5Q-Applicability. R apply to all 4.3.2 Satety features — ERS 5.6. Classification Comply
qualification activities, 1.
10.
5.9. Design Method |Comply
6. Fablication Comply
Requirements
7.2.8B 10 CFR 50 Applicability. Regulations apply to — —~ PQAP 6.1 Software Contral  |Comply
tapplication specific activities. 13.2 System Integration
Testing
72.C 10 CFR 50 Applicability. F apply to PLC — — PQAP 6.3 Commercial Grade {Comply
dedication activities. Dedication
9 Contro! of Purchased
Material, Equipment
L and Services
7.2.0 10 CFR 50 Compliance. Quality processes other than |[— — PQAP 9 Control of Purchased |Comply
10 CFR 50 shall be shown to be commensurate with 10 Material, Equipment
CFR 50. and Sarvices
7.2.E 10 CFR 50 Compliance. Qualifier shall perform audits [— — |PQAP 19 Reviews, Audits and |Comply
0 confirm that manufacturer’s quality process has been Surveilance
applied to the PLC product.
7.2.F 10 CFA 50 Compliance. Audits performed against — — [PQAP 6.4 Critical Digital Comply
manufacturer programs other than 10 CFR 50 shall Raview
that the program process is 9 Control of Purchased
commensurate with 10 GFR 50. Material, Equipment
and Services
7.2.G VAV Program Evaluation. Qualifier shall evaluate the  [4.32.13 Safety Features  |— ERS lﬁ Software Comply
manufacturer’s V&V program to the ariteria in Section Aequirements
7.4.
7.2H Qualification Test Witnessing. The qualifier shall have {—- — PQAP 13.3 Qualification Comply
the right to witness qualification tests, Testing
7.3 10 CFR 21 Compliance Requirements. Section lists 10 |- — PQAP 16 Nonconforming Comply
CFR 21 compliance requirements of a utility which Materials, Parts or
applies the PLC in a safety-related application. PLC Components
shall support problem reperting and
tracking.
7.4 Verification and Validation Requirements. Qualifier 43213 Safely Features [ ERS 5.3 Software Comply
shall evaluate the manufacturer's VAV process for Requirements
software, firnware and software tools against IEEE 7-
4.3.2 and [EEE 1012. The qualifier shall confirm the
following basic requirements are met a) there is a V&V
Plan for the PLC product, b) software development shali
be done in accordance with a life cycle approach (see
IEEE Std 1074~1995), and c) the software requirements
document shall be reviewable.
7.5 Manufacturer Qualification Maintenance Throughout — - — — No requirement
ProductLife Cyele. (section heading)
7.5.1 Overview of Manutacturer Qualification Maintenance  |— - — -— No requirement
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Compliance with EPRI TR-107330
Requirements
{or N/A or Not Applicable)

Vendor Package
CTI:IKI;I' EM| SUMMARY OF EPRI TR-107330 REQUIREMENTS ERS Chapter 4 Information Document SECTK;':::L ERSor

5.3 Software Comply

|

i

|

i

7.5.2 Reguirements for Manutacturer Qualification 4.3.2.13 Safety Features |-~ Ei |
Maintenance Throughout Produgt Life Cycle. The Requirements ,
qualifier shall obtain documentation confirming that the i
PLC manufacturer will ensure upward compatibility, |
maintain rigor of processes, commit to at least five year i
support for the qualified PLC configuration, and commit i
to six months notice before withdrawing product i
support. 1
!

7.5.3 Life Cyele Support for Tools Reguirement. PLC 4.32.13 Safely Features |- ERS 5.3 Softwara Comply
manufacturer shall ensure continued access to the Requirements h
same versions of application develt

taols, or capability to reconstruct functionality with using

revised tools.

7.6 Compensatory Quality Activities for Legacy Software. |— - - e Na requirement
(section heading)

7.6.1 Overview of Compansatory Quality Activities far Legacy|— — — e No requirement :

Software. Descriptive information.

7.6.2 Requirsments for Compensatory Quality Activities for |~ -~ NIA — N/A. No legacy software is included in the

Legacy Soliware. The qualifier may compensate for Toshiba NRW-FPGA based PAM system.
in legacy by i N

perati p in

similar to nuclear safety related applications, and by

performing tests of legacy software to confirm
to . The it shall

place legacy software under configuration centrol ance

baselined.

7.7 Configuration Management. {section heading) — — e — No requirement

7.7.1 Configuration Management Overview. Descriptive - B - - No reguirement
information.

7.7.2 Hardware Confiquration Management Requirements,  [— - PQAP 6 Design Control Comply

The scope shall include ravisions to module design, |
module p fa] palibility of
revised modules with existing hardware, and

i Jrer doct

7.7.2.A Hardware Confiquration Management Review. Utility |— — PQAP 6 Design Control Comply
(and Qualifier) shall evaluate the manufacturer
configuration managemant process tor design revisions
to NQA-1.

7.728 Hardware Configuration Management Review. Utifity |— - — PQAP 6 Design Contrel . |Comply
(and Qualifier) shall evaluate the manutacturer
configuration management process for methods of
identification of each i within the
PLC modules to NQA-1.

7.72.C Hardware Confiquration Management Review. Utiity |— — PQAP 6 Design Controt Comply
{ana Qualifier) shall evaluate the manufacturer
configuration management process for methods of
document control to NQA-1.

7.7.3 Software Cenfiguration Management Requirements.  [4.3.2.13 Safety Features |-~ PQAP 6 Deslign Contro! Comply
The scope of software configuration management
includas creation and revision of firmware, runtime

software libraries, software engineering tools, and L
documentation.

773.A Software Confiquration Management Review. Utility  [4.3.2.13 Safety Features |- PQAP 6 Design Control Comply
(and Qualitier) shall evaluate the manufacturer software
i 1t process for definition of
organization and responsibiiities to Reg. Guide 1,169,
Section C.
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CTM TEM
NO,

SUMMARY OF EPRI TR-107330 REQUIREMENTS

ERS Chapter 4

Vender Package
Information

Document

SECTION of ERS or
PRAP

Compliance with EPRI TR-107330
Requirements
{or N/A or Not Appiicable)

7.7.3.B

Software Confiquration Management Review. Utility
(and Qualifier) shall evaluate the fiv
configuration management precess for methods of
configuration identification, control, status and audits to
Reg. Guide 1.169, Section C.

4.3.2.13 Safaty Features

|POAP

B Design Control

Comply

7730

Software Confiquration 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.

4.3.2.13 Safely Features

— o

8 Design Control

Caomply

7.8

hﬁoblem Reporting/Tracking Requirements. PLC
'manufacturer shalt maintain a problem reporting and
tracking system that includes classification of problems,
description of problems, i of affected

hard, type of i iption of
configuration, name of reporting site and means to
contact site, type of site, and cumulative cperating time
of PLC when problem occurred. Manufacturer shall
pravide a mechanism for making this informaticn
available to all nuclear utility users.

PQAP

16 Nonconforming
tMatetials, Parts or
Components

‘Comply

Documentation. Descriptive information.

No requirement

8.1

Equipment General Qverview Document Requirements.
Descriptive Information.

No requirement

8.1.A

Manufacturer Docurr i [a! tion shall

include a description of the PLC.

ERS

9.1.1. Equipmant
general overview -
document

Comply

8.1.B

Manufacturer Documentation. Documentation shall
include a descripticn of the chassis | 3

N/A

IN/A. Toshiba NRW-FPGA based PRM system
do not use multiple chasses. Instead, the
system contains Unit interconnections.

8.1.C

|Manutacturer Documentation. Documentation shall

include a module overview and selection guide.

N/A

NJA. Utility does not need to select Toshiba
NRW-FPGA based PRM system modules.

8.1.0

Manutacturer Documentation. Documentation shall
Include a description of the overall /O capacity and
|processing speeds.

9.1.1. Equipment
genaral overview
[document

Comply

8.1.E

Manutacturer Doctimentation. Documentation shall
include installation information.

ERS

9.1.3, Users Manual

Comply

8.1.F

Manufacturer Documentation. Documentation shall
include handling and storage i

7

9.1.1, Equipment
[general overview.

Comply

8.1.G6

8.2

Manufacturer Documentation. Documentation shall
include a ion of the sel{-diagnestics and
ndapcy features,

ERS

9.1.1. Equipment
general overview

Comply

uipment General Specifications Requirements.
IManutacturer documentation shall provide general
specifications for the PLC.

5.1.1, Equipment
general overview
document

Comply

8.3

Operator's Manual Requirerents. Manufacturer
ion shall include information on operation of

e PIC

ERS

9.1.3. Users Manual

Comply

8.4

Programmer's Manual Requirements. Manufacturer
shall provide detailed information on the use of the
functi i inthe PLG pi

N/A

NfA. Toshiba does not provide the utility witha
Programmer’'s Manual of the NRW-FPGA
based PRM system,

8.5

i‘.@uigmuﬂ Maintenance Manual Reguirements.

A tion shall contain i

for ion, trouble sheot: i required
special tools or softy , and fon p
Manutacturer documentation shafl include results of
component aging analysis.

9.1.3. Users Manual

Comply

8.6

Qualification Documentation Requirements, (Section
Heading}

Fo requirement

8.6.1

rammatic D
Descriptive information.

tation F

No requirement

8.6.1.A

Programmatic Documentation. A test plan shall be
prepared which includes test plans for environmental,
seismic, surge, Class 1E to Non-1E, EMI/RF1,
avallabllity/refiabllity, FMEA and ASOA qualification
activities.

|ERS

9.2.1 Programmatic
Documentation
Reguirements

A.

Comply
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Vendor Package Compllance with EPRI TR-107330
e TEM ) SUMMARY OF EPRI TR-107330 REQUIREMENTS ERS Chapter 4 Information Document SECH%%ZLERS or Requirements
- {or NJA or Not Applicable)
Programmatic Documentation. Test specifications shall|-— e 9.2.1 Programmatic Comply
be prepared which include equipment identifications, Documentation
interfaces and service conditions. Requirements
A

8.6.1.C Programmatic Documentation. Procedures shall be ~- - 9.2.1 Programmatic Comply

prepared for qualification testing. Documentation

Reguirements

B.
Programmatic Documentation, Testreportsshallbe [~ — 9.2.1 Programmatic Comply
prepared for each qualification test performed. Documentation

Reguirements

C.

8.6.1.E Programmatic Documentation. Reports on audits - — 9.2.1 Programmatic Comply
performed on the manufacturer shall be prepared. Documentation

Requirements
D

8.6.1.F ' Proqrammatic Documentation. Reports on design — m ERS 9.2.1 Programmatic Comply

evaluations shall be prepared. Documentation
Eequirem ents

862 Technical ltems and Acceptance Criteria -— — — il No requirement
Documentation Requirements. Descriptive information.

8.62.A Technical ltems Documentation. Documnentation shall |~ — ERS 9.2.2, Technical Items  {Comply
include test specimen requirements. A.

86.2B Technical ltems Documentation. Documentation shall |-~ -~ ERS 9.2.2. Technical tems |Comply
includs test specimen purchasing records.

86.2.C Technical ltems Documentation. Documentation shali |- o N/A - Comply. FPGA logic development
includa TSAP development documentation. documentation was prepared

8.6.2D Technical ltems Documertation. Sea Ssctions 8.8, 8.9, |- — -~ (Sea Ci (See Ci Traceability Matrix ltems 8.8,
8.10,8.12and 8.13. Traceability Matrix 8.9, 8.10, 8.12and 8.13)

Iltems 8.8, 8.9, 8.10,
8.12 and 8.13))
86.2.E Technical ltems Documentation, See Section B.14, — - 1ERS (See G (See Compliance T7 Matrix ltem 8.14.)
Traceability Matrix Item
8.14)

863 Application Guide Documentation Reguirements. A — - ERS 9.2.3. Application Comply
qualification summary document shall be provided. Guide,

B.63.A Application Guide. Guide shall includs resutts of — e ERS 9.2.3. Application Comply *
environmental Operability t&wng to support each Guide.
specific safety related

8.6.3.B Application Guide. Guide shall include rﬁuhs of —- - ERS 9.2.3. Application Comply
seismic testing including seismic wil il Guide.

for all d: ing values used in test data analysis

863C |Anplication Guide. Guide shall include results of Class [— — ‘ﬁs 9.2.3. Application Comply
1E to Non-1E isolation testing. Gulde.

B.6.3.0 Application Guide. Guide shall inciude results of surge |-— — ERS 9.2.3. Application Comply
withstand testing. Guida.

8.6.3.E Application Guide. Guide shall includs results of — [ ERS 9.2.3. Application Comply
EMI/RFI testing. Guide.

B6.3.F | Application Guide. Guide shall include resuits of power |— — ERS 9.2.3. Application Comply
quality testing. Guide.

8.63.G Application Guide. Guide shall describe any — — NIA - NJA. No software objects or special purpose
combination o! software objects or special purpasa objects are used in testing.
nhients created to sunnort testing,

B63H  |Application Guide. Guide shall include a description of [— — Eﬁs 9.2.3. Application Comply
the as-tested PLC configuration. Guide.

8.6.3.[ | Application Guide. Guide shall include a description of |— — NIA - NfA. Toshiba NRW-FPGA systems do not
the executive soltware and software tools revision include executive software or saftware tools.
levels included in aualification,

8.6.3.J Application Guide. Guide shall include a description of |— — ERS 9.2.3. Application Comply
the as-tested PLC configuration. Guide.

8.6.3K Application Guide. Guide shall include a summaryof |-— - ERS 9.2.3. Application Comply
the FMEA and availability analysis. Guide.

8.6.3.L Application Guide. Guide shall include the setpaint — [— ERS 9.2.3. Application Comply
analysis suppart document. Guide.

8.63.M lication Guide. Guide shall inciude information from |— — ERS 9.2.3, Application Comply
manutacturer audits and surveys applicable to future Guide.

68.6.3.N Appfication Guide. Guide shall include a description of |— — ERS 9.2.3. Application Comply
the redundancy features included in qualification. Guide.

8.6.3.0 Application Guide. Guide shall include a descriptionof |[— — ERS 9.2.3. Application Comply
external devices included in qualification. Guide.

B.63P Application Guide. Guxde shallinclude a description of |- ~ ERS 9.2.3. Application Comply
the PLC Guide.

8.6.3.Q Application Guide. Guide shallinclude a summary of  |-— ~ rE_RS 9.2.3. Application Comply
the camponent aging analysis. Guide.

8.6.3R Application Guide. Guide shall include a description of |--- — ERS 9.2.3. Application Comply
seismic mounting methods. Guide.

8.6.3.5 Appilcation Guide. Guide shallinclude a description of [-— — ERS 9.2.3. Application Comply
qualification envelupas for specific modules if different Guide.
from the averall

8.6.3.7 Application Guide. Guide shall include a description of [--- —— ERS 9.2.3. Application Comply
any application hardware or software features that are Guide.
assumed in order to meet auallfication renui; M

8.6.4 Supporting Analyses Documentation Requirements. -— o ERS 9.2.4. Supporting Comply
Documentation shall be provided of the FMEA and Analyses
Availability/Reliabllity Analyses, Documentation
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Vendor Package Compliance with EPRI TR-107330
c"s gEM SUMMARY OF EPRI TR-107330 REQUIREMENTS ERS Chapter 4 Information Document SECW:';::,EHS or Requirements
) (or N/A or Not Applicahle)
8.6.5 Class 1E to Non-1E Isolation Test Plan. A Class 1Eto {~- - ERS 9.2.1. Programmatic  |Comply
Non-1E Isolation test plan and report shall be provided. Documentation.
& test plan shall be revi and, by the A
87 V&V Documentation Requirements. Descriptive — - — - No requirement
information.
B7.A V&V Documentation. Documentation shall includea  |— -—- PQAP 8.1 Software Gontrol  |Comply
software quality assurance plan.
8.7.8B V&V Documentation. Documentation shall includea |- — ERS 9.25. V&V Comply
requs ificati Documentation
8.7.C V&V Documentation. Documentation shallincludea  |— — ERS 8.2.5, Vav Comply
software design description. Documentation
8.7.0 V&V Documentation. D shaltincludea |~ — ERS (See C: (See C Traceability Matrix Items 7.4.)
software V&V plan. Traceability Matrix
Items 7.4.)
87.E V&V Documentation. Documentation shall Includea  (4.3.2.13 Safety Features |— ERS 9.2.5. V&V Comply
software V&V report. Documentation
8.7.F V&V Dacumentation. Documentation shall include [~ - --- (See C: (See Compli T Matrix items 8.3)
software user documentation. Traceability Matrix
terns 8.3)
8.7.G V&V Documentation. D: shall include a — — PQAP 6.1 Software Comply
software configuration management plan. Requirements
8.8 System Description Requirements. A test specimen  |— -— ERS 9.2.6. Test System Comply
and softy iption document shall be Description
| provided.
8.9 Critical Characteristics Listing Requirement. A critical [— — ERS 9.2.7. Critical Comply
istics fisting d shall be provi Characteristics
8.10 System Drawing Requirements. (Section Heading) (— — — - No requirements.
8.10.A System Drawing Requirements. Drawings shall include|-— — ERS 9.2.8. Test System Comply
a tunctional description of the test specimen. Drawing A.
8.10.B System Drawing Requirements. Drawings shall include - — ERS 9.2.8. Test System Comply
a schematic of the test specimen. Drawing A.
8.10.C System Drawing Requirements, Drawings shall include|— — N/A - Comply.
dlagrams that define the TSAP.
8.10.D Systern Drawing Requirements. Drawings shall show |-— — ERS 9.2.8. Test System Comply
test speciman wiring, power distribution and grounding. Drawing A.
8.10. System Drawing Requirements. Drawings shall show |— — ERS 9.2.8. Test System Comply
layout of test specimen chassis, modules and Drawing B.
oualification test fixtures,
8.10.F |System Drawing Requirements. Drawings shall show |-~ — ERS 9.2.8. Test System Comply
tast i ing and ing fixtures, Drawing C.
| special tati qa
8.1 Saftwa are bon Doctement |- — ERS 9.2.9. System Comply
Requirements. and i SoltwarefHardware
used for qualification testing shall be documentsd, Configuration
including identification and revision of executive Document
module fy tools,
PLC executive packages, and the TSAP
printout). The revision level
and serial number of hardware shall be documented.
8.12 System Databass Documentation Requirements. The |-~ — NIA — NfA. The PRM system does notuse a TSAP
TSAP database used for qualification testing shall be database.
|documented.
8.13 System Setup/Calibration/Checkowut Procedura — - ERS, 9.2.10. System Comply
uirements. All setup, calibration and checkout Setup/Calibration/Chec
P used during ibn shall be kout Procedure
8.14 System Test Documentation Reguirements. A test plan |- - ERS 9.2.11, System Test Comply
and test report shall be provided covering qualification Documentation
Op ifity testing. The shall include test
requil ts, criteria, of testing,
data recording methods, test equipment requirements
and a test data summary.
815 Manutacturer's Quality Documentation Requirements. |- — PQAP 9.Contrel of Purchased |Comply
The manufacturer shall provide its Quality Assurance ial, Equipment,
Plan. and Services
B.16 Manufacturer's Certifications Requirements, - - [POAP 9.Control of Purchased (Comply
Manufacturer shall provide certificates of conformance Material, Equipment,
tor all test specimen hardware. and Services
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