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1. EXECUTIVE SUMMARY

The Electromagnetic Compatibility (EMC) qualification test for safety-related Oscillation Power Range Monitor
(OPRM) for NRW-FPGA-Based I&C System Qualification Project was performed from December 3 2012
through January 07 2013 at the test chamber No.1 in[ h•fereinafter referred to as :C
The objective of the EMC qualification test is to demonstrate the suitability and compatibility of the OPRM in
accordance with the requirements specified in the Master Test Plan (Reference (18)) and the EMC Qualification
Test Plan (Reference (17)) based on the U.S. Nuclear Regulatory Commission (NRC) Regulatory Guide (RG)
1.180, Revision 1 (Reference (3)) and the EPRI TR-107330 (Reference (13)).

The EMC qualification test was executed in accordance with EMII/RFI Test Procedure (References (22)), Power
Surge Test Procedure (Reference (23)), ESD Test Procedure (Reference (24)), and[ ]•?VII Test Procedure
(Reference (31)). The specific OPRM unit and its detailed configuration qualifie•d through this EMC
qualification program are identified in the Master Configuration List (MCL) (Reference (14)).

The following EMIiRFI test was successfully performed in accordance with Department of Defense Interface
Standard MIL-STD-461lE (Reference (8)):

-CE101l Conducted Emissions, Low-frequency

-CE102 :Conducted Emissions, High-frequency

-RE 101 : Radiated Emissions, Magnetic Field

- RE 102 : Radiated Emissions, Electric Field

-CS 101 : Conducted Susceptibility, Low-frequency

- CS 114 : Conducted Susceptibility, High-frequency

-CS 115 : Conducted Susceptibility, Bulk Cable Injection

-CS1 16 : Conducted Susceptibility, Damped Sinusoidal Transients

-RS 101 : Radiated Susceptibility, Magnetic Field

-RS103 : Radiated Susceptibility, Electric Field

The following power surge test and ESD test were successfully performed in accordance with referenced
International Electrotechnical Commission (IEC) Standards:

-IEC 61000-4-2, "Electromagnetic Compatibility (EMC)-Part 4: Testing and Measurement Techniques,
Section 2: Electrostatic Discharge Immunity Test," International Eiectrotechnical Commission, 1995

I EC 61000-4-4, "Electromagnetic Compatibility (EMC)-Part 4: Testing and Measurement Techniques,
Section 4: Electrical Fast Transient/Burst Immunity Test," International Electrotechnical Commission,
1995

I EC 61000-4-5, "Electromagnetic Compatibility (EMC)-Part 4: Testing and Measurement Techniques,
Section 5: Surge Immunity Test," International Electrotechnical Commission, 1995

- IEC 61000-4-12, "Electromagnetic Compatibility (EMC)-Part 4: Testing and Measurement Techniques,
Section 12: Oscillatory Waves Immunity Tests," International Electrotechnical Commission, 1996

The EMC qualification test results were documented in this report and the[ ]}VII Test Report (Reference

(32)).

It was concluded in this EMC qualification report that the OPRM was designed to accommodate the effects of
and to be compatible with the environmental conditions required by the RG 1.180, Revision 1 (Reference (3))
and the EPRI TR-107330 (Reference (13)) and the OPRM was qualified for safety-related component for
nuclear power plants.

"rOUI~ A CORPIIOR=ATION
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2. PURPOSE

The purpose of this document is to report the result of EMC qualification test and qualification analysis
performed on the safety-related OPRM for the NRW-FPGA-Based I&C System Qualification Project in
accordance with the requirements of the EMC Qualification Test Plan (Reference (17)) which was established
based on RG 1.180, Revision 1 (Reference (3)) and the EPRI TR-107330 (Reference (13)).

TOSI-IIA CORPORATION
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3. SCOPE

The Power Range Neutron Monitor (PRNM) subsystem consists of four equivalent divisions. One division of
the PRNM subsystem consists of four Local Power Range Monitor (LPRM) units, one Average Power Range
Monitor (APRM) unit, one OPRM unit, and one Relay unit. The LPRM units, APRM unit, OPRM unit, and
Relay unit are included in the Neutron Monitor System (NMS) Panel per division and installed in the Main
Control Room (MCR) back panel area.

The scope of the equipment to be qualified is one OPRM unit that is a part of functional subsystem of the
PRNM per one division as enclosed by the bold and dotted line in Figure 3-1 which is a copy of Figure 4-1 of
the Equipment Design Specification (EDS) (Reference (15)). The EMC qualification test is performed using
test specimen as a type testing in accordance with Clause 5.1.1 of the IEEE Std. 323-2003 (Reference (9)).

According to the Advanced Boiling Water Reactor Design Control Document (ABWR DCD) (Reference (11)),
the PRNM subsystem is classified as Category I for seismic category, Class 1E for electrical equipment, and
Safety Class 3 (SC-3).

Differentia]

Trnsmitter .... One division of PRNM System N•S I

- _____ in NMS Panel

i '
Un------------I I LDPy ,, o,••

Rea +-• J ni LDPTLS (to4divisions)

_____l3___'_________________________ LCIS (to 4 dhanoas)
LP - ........Unit......

' ' ! i ! ! ! 'i ;i .. . . . . .... . . • .. FW C (to 3 l)x 13-!r r~ ri .. . . .n -.. . - !

-- ~~ ~ ~~~--- - - - - ------, ,!•. .. .. ......- •

.. . . . . . ;'- ' . . . . . . . .: [ ELCS -PD

MRBM n *~MRBM Panel
qualification -!... .MRMUt (n-ftyrat)

*': ',-:/ Ij7i:.V .- p

Dieee LDP: Large Display Panel r/e~ P
--- -Disnreoe MCP: Main Control Panel -ELCS: Engineered Safety Features (ESF) Logic and Control System

...... Opickal RTIS: Reactor Trip and Isolation System TDR: Transient Data Reconder
-Ethernet RCIS: Rod Control & Information System SOE: Sequence of Event

ATLM: Automated Thermal Limit Monitor GW: Gateway
Notes RWM: Rod Worth Minimizer IF: Interface
(a): Safety-related C1 RFC: Recirculation Flow Control System CI: Cormuntication Interface
(b): Non-Safetyredated Ct APR: Automatic Power Regulator 0/10: Optical to Analog/Discrete Output Converter

FWC: Feedwater Control System O/E: Optical to Ethemnet Converter
ANN: Annunciator PC: Persona] Computer

Figure 3-1 Scope of EMC Qualification
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5. DEFINITIONS AND ABBREVIATIONS

5.1 Definitions

(1) Burst
[See Section 8 of EPRI TR-102323 (Reference (12)).]

(2) Class 1E
[See Clause 2 of IEEE Std. 603-1991 (Reference (10))]

(3) Electrically-Fast Transient (EFT)
[See Section 8 of EPRI TR-102323 (Reference (12)).]

(4) Electromagnetic Compatibility (EMC)
[See Section 8 of EPRI TR-102323 (Reference (12)).]

(5) Electromagnetic Interference (EMI)
[See Section 8 of EPRI TR-102323 (Reference (12)).]

(6) Electrostatic Discharge (ESD)
[See Section 8 of EPRI TR-102323 (Reference (12)).]

(7) Immunity
[See Section 8 of EPRI TR-102323 (Reference (12)).]

(8) Interference
[See Section 8 of EPRI TR-102323 (Reference (12)).]

(9) Safety Function
[See Clause 2 of IEEE Std. 603-1991 (Reference (10))]

(10) Surge
[See Section 8 of EPRI TR-102323 (Reference (12)).]

(11) Susceptibility
[See Section 8 of EPRI TR-102323 (Reference (12)).]

(12) Test Specimen
[See Section 2.1 of EPRI TR-107730 (Reference (13)). For the purpose of this project, this definition is
interpreted as "FPGA-based OPRM unit, which is the set of unit chassis and modules including FPGA chip
that embeds FPGA logic to perform its intended safety functions, used as the basis for generic Qualification
Testing."]

(13) Test Equipment
[See Section 2.1 of EPRI TR-107730 (Reference (13)).]

(14) Test Setup Boundary
[See Section 3.11 of MIIL-STD-461lE (Reference (8)).]

(15) Type Test
[See Clause 5.1.1 of IEEE Std. 323-2003 (Reference (9)).]

5.2 Abbreviations

ABA Amplitude Based detection Algorithm
ABWR Advanced Boiling Water Reactor
AC Alternating Current
APRM Average Power Range Monitor
C Celsius

TOSHIBA CORPORATION
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CI
CRC
DC
DCD
ECWD
EDS
ELCS
EPRI
EFT/B
EMC
EMI
EQ
ESD
ESF
F
FD
FPGA
EUT
GRA
Hz
I&C
IEEE
LDP
LISN
LPRM
M&TE
MCL
MCR
M4RA
NMS
NICSD
NIST
NRC
NRW-FPGA
OPRM
PBDA
PFC[ ]9Y

PLC
PRNM
QA
Qc
RFI
RG
RIPS
SC
SNNR
SOE
SRAM
TDR
V&V

Communication Interface
Cyclic Redundancy Check
Direct Current
Design Control Document
Electrical Cable Wiring Diagram
Equipment Design Specification
Engineered safety features Logic and Control System
Electric Power Research Institute
Electrically Fast Transients and Burst
Electromagnetic Compatibility
Electromagnetic Interference
Equipment Qualification
Electro Static Discharge
Engineered Safety Features
Fahrenheit
Flat Display
Field Programmable Gate Array
Equipment Under Test
Growth Rate-Based Detection Algorithm
Hertz
Instrumentation & Control
Institute of Electrical and Electronics Engineers, Inc.
Large Display Panel
Line Impedance Stabilization Network
Local Power Range Monitor
Measuring and Test Equipment
Master Configuration List
Main Control Room
Mutual Recognition Arrangement
Neutron Monitoring System
Nuclear Instrumentation & Control Systems Department
National Institute of Standard and Technology
Nuclear Regulatory Commission
Non-Rewritable FPGA
Oscillation Power Range Monitor
Period Based Detection Algorithm
Power Factor Correction module

[ ,C

Programmnable Logic Controller
Power Range Neutron Monitor
Quality Assurance
Quality Control
Radio Frequency Interference
Regulatory Guide
Reactor Protection System
Safety Class
Fuchu Site Nonconformance Notice Report
Sequence of Event
Static Random Access Memory
Transient Data Recorder
Verification & Validation
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6. DESCRIPTION OF TEST SPECIMEN

6.10OPRM Function Overview

The OPRM unit monitors neutron flux oscillation. The OPRM unit receives 52 LPRM Levels from 4 LPRM
units and forms 44 OPRM Cell configurations to monitor the neutron flux behavior of all regions of the core. For
each Cell, the peak to average value of the OPRM signal is determined to evaluate the amplitude of oscillation and
to be used in the setpoint algorithm. The OPRM trip protection algorithm consists of trip logic depending on
signal oscillation amplitude, a signal oscillation period, and signal oscillation growth rate. If one of the Cells
fulfills any one of three trip conditions, the OPRM unit generates a trip signal. The OPRM unit also receives
APRM Level and Core Flow Level from the APRM unit and the trip algorithms are automatically bypassed if
APRM Level is less than 30% (initial setpoint) or Core Flow Level is greater than 60% (initial setpoint). The
OPRM provides optical transmission output signals to the Plant Information and Control System[" ]•
Sequence of Event (SOE) and Transient Data Recorder (TDR) via Non-Safety-Related Communication Intertace
(CI) and Engineered Safety Features (ESF) Logic & Control System Flat Display (ELCS FD) via Safety-Related
CI.

6.2 Test Specimen Structure

The test specimen is comprised of one OPRM unit with two Power Factor Correction modules (PFCs) as outside
modules of the OPRM unit. The OPRM unit consists of a unit chassis and 11 modules comprising eight
different functional modules: two RCV, one CELL, one AGRD, one PBD, one DAT/ST, two TRN, one DIO, and
two LVPS modules. The PFC receives Alternating Current (AC) voltage from an external AC power supply.
The AC voltage is converted into Direct Current (DC) voltage (about 220 VDC) by the PFC. The PFC supplies
DC voltage to the LVPS modules.

The mechanical characteristics of test specimen are shown as follows:

-OPRM unit (Refer to Figure 6-1 for photograph. Detailed outline drawing is attached to Figure A- 1.)
Dimensions: 482.6 (W) x 440.8 (D) x 177.0 (H) [mm]

(19.00 (W) x17.35 (D) x6.97 (H) [inch])
Mass: 14.742 kg

-PFC (Refer to Figure 6-2 for photograph. Detailed outline drawing is attached to Figure A- 2.)
Dimensions: 170.0 (W) x 127.0 (D) x 35.0 (H) [mm]

(6.69(W) x5.00 (D) xl 138(H) [inch])
Mass: 0.540 kg

The test specimen used for test is identified in the Master Configuration List (MCL) (Reference (14)). The
MCL also identifies the specific versions of the FPGA logic embedded in FPGA chips mounted on the test
specimen. The identification, description, and quantity of the test specimen are shown below in Table 6-1.

TOSIA C•OI=PORATUO
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Figure 6-10OPRM Unit Overview

a,C

Figure 6-2 PFC Overview
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Table 6-1 Test Specimen List

Description Model Number Mnac Qty Slot ID Serial Number Note

OPRM Unit Processor HNU1200B00000 Toshiba 1 10920017

OPRM Chassis Chassis • ae [ faC 1 -- a,c

CELL Module Processor HNS0400B00000 Toshiba 1 FSL 5 to 7 1206818335

AGRD Module Processor H-NS0420B00000 Toshiba 1 FSL 8 to 9 1206818331

PBD Module Processor HNS0430B00000 Toshiba 1 FSL 10 to 11 1206818312

DAT/ST Module Processor HNS0410B00000 Toshiba 1 FSL 14 1206818322

Power PSSL 1 1282858 LVPS 1
LVPS Module HNS0500B00000 Toshiba 2

supply ___ PSSL 2 1282859 LVPS 2

DIO Module Interlock HNS0520B00000 Toshiba 1 BSL 4 1202803706

TRN Module Optical HNS0531B00000 Toshia 2 BSL 7 12068 18325
_________Transmitter BSL 8 1206818326

RC oue Optical NS51000 Tsba 2 BSL 5 1206818316 ____

RC oue Receiver HS41O OO Tsia 2 BSL6 1206818317 ___

Power Factor _ ], PFCi1

PFC Correction [ ]a,c [ ]9Ce 2
module -- [ ja~ PFC 2

6.3 Safety-Related Functions to be Demonstrated

The safety-related functions to be demonstrated by the EMC qualification test are described below:

(1) Generate Normalized Oscillation Signal
The OPRM unit generates the Normalized Oscillation Signals using LPRM Levels for each OPRM Cell.
The Normalized Oscillation Signals shall be checked by the optical transmission output signals from the
TRN modules.

(2) Generate the following trip signals and provide to the Reactor Protection System (RPS)
The OPRM unit generates the following trip signals as discrete output signals.

(2-1) Growth Rate-Based Detection Algorithm Trip (GRA Trip)
The OPRM unit generates the GR.A Trip signal when the amplitude growth rate of Normalized
Oscillation Signal exceeds specified values. The GRA Trip shall be checked by monitoring a
discrete output signal from the DIO module. Contact of discrete output interface opens if the GRA
Trip signal is generated.

(2-2) Amplitude-Based Maximum Algorithm Trip (ABA Trip)
The OPRM unit generates the ABA Trip signal when the relative signal amplitude of Normalized
Oscillation Signal exceeds specified values. The ABA Trip shall be checked by monitoring a
discrete output signal from the DIO module. Contact of discrete output interface opens if the ABA
Trip signal is generated.

(2-3) Period Based Detection Algorithm (PBDA Trip)
The OPRM unit generates the PBDA Trip signal when the number of successive oscillation cycles

TOUHIEA CORPORATION
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within that frequency range and the oscillation amplitude of Normalized Oscillation Signal exceedspecified values. The PBDA Trip shall be checked by a monitoring discrete output signal from the
DIO module. Contact of discrete output interface opens if the PBDA Trip signal is generated.

(2-4) OPRM Inoperative
The OPRM unit generates the OPRM Inoperative signal when the instrument anomalies or error on
the processes, or loss of all the power supplies occur, as described in "(6) Failure Detection and
Diagnostic functions", which may cause significant negative impact on signal processing or trip
determination. The OPRM Inoperative signal shall be checked by monitoring discrete output
signals from the DIO module. Contact of discrete output interface opens if the OPRM Inoperative
signal is generated.

(2-5) OPRM Trip
The OPRM unit generates the OPRM Trip signal if any of the following conditions is satisfied:

(a) The ABA Trip is detected in any of 44 OPRM Cells.
(b) The GRA Trip is detected in any of 44 OPRM Cells.
(c) The PBDA Trip is detected in any of 4 OPRM Cells.

The OPRM Trip signal shall be checked by monitoring discrete output signals from the DIO module.
Contact of discrete output interface opens if the OPRM Trip signal is generated.

(3) Provide data signals, bypass state, trip state, annunciator, and operation state.
The OPRM unit provides one-way optical transmission output signal as safety-related signal to the ELCS -
FD from one TRN module (hereinafter referred to as "ELCS[ ]Thata"). While, the OPRM unit also
provides one-way optical transmission output signals as non-safety-related signals to TDR and SOE from
the other TRN module (hereinafter referred to as "PC data").

Normally, the "ELC{[ ]r'•ata" as safety-related signal is only evaluated and the "PC data" is not
evaluated. However, the "PC data" is generated based on the same information and equivalent processes
as the "ELCS[ •i~ata" in the DAT/ST module, although the "PC data" is not safety-related signal. The
"PC data" also contains more information for demonstrating the soundness of the OPRM units in addition
to "ELC{ r'taata." Therefore, "PC data" should be monitored and recorded for failure analysis in
case of failure under the environmental stress.

(4) Receive the bypass signal
The OPRM unit receives the APRM Bypass signal as discrete input signal at the DIO module from the
Large Display Panel (LDP). According to Section 5.2.2.4.2.2 of the EDS, the OPRM Trip and OPRM
Inoperative are bypassed by the APRM Bypass Signal in the Relay unit. In the OPRM unit, only when the
APRM Bypass turns to disable from enable, the function of the OPRM unit is initialized. The APRM
Bypass signal shall be checked by monitoring discrete input signals from the aux-relay plate to guarantee
the soundness of the APRM Bypass signal. When APRM Bypass signal is provided to the OPRM unit,
input voltage of the discrete input is 24VDC. Otherwise input voltage of the discrete input is 0VDC.

(5) Generate the OPRM Automatic Bypass signal
The OPRM Automatic Bypass signal is not classified as a safety-related function as described in Section
4.1.1.3 of the EDS. According to Section 5.2.2.3.7 of the EDS, however, the OPRM trip functions are
automatically bypassed if the APRM reading or the same channel is 30% below the rated power or the core
follow reading is 60% above the rated flow. Because the function of the OPRM trip is bypassed
automatically under the condition stated above, the OPRM Automatic Bypass signal is regarded as a
safety-related function in the EMC qualification test. The OPRM Automatic Bypass signal shall be
checked by a monitoring discrete output signal from the DIO module.

(6) Failure Detection and Diagnostic functions
The OPRM generates an OPRM Inoperative signal when detecting any of the following failures:

(b} r c .
(c) L ]
(d)l. ]ac ao
(e)LI
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(f) "STANDBY" mode or "CAL" mode is selected
(g) Number of Active OPRM Cell is lower than the setpoint

(i)(h)[ ]a.¢c a~

(j) "APRM Inoperative occurs (APRM Inoperative flag is included in APRM Unit Data 1 and 2)

In the EMC qualification test, the functions (a), (b), (e), (h) and (i) of the OPRM Inoperative cannot be
simulated unless the OPRM unit is decomposed. Since those functions are designed to be "fail-safe", it is
ensured that the OPRM Inoperative signal is generated whenever there is an error in any of those functions.
Even if the OPRM Inoperative signal cannot be generated due to spurious FPGA behavior under the
conditions (a), (b), (e), (h) and (i), the error can be detected by monitoring optical transmission output data.
Therefore, as long as the OPRM Inoperative signal and optical transmission output data are constantly
monitored, the soundness of the OPRM unit is ensured without simulating the functions (a), (b), (e), (h) and
(i).

The functional specifications of the OPRM unit are detailed in Section 5.1 of the EDS (Reference (15)).

6.4 Intentional Oscillators and Antenna

The intentional oscillator's (frequency generators) characteristics used in the OPRM unit are listed in Table 6-2.
The OPRM unit has no antenna-connected receiver and antenna to emit electromagnetic field.

Table 6-2 Intentional Oscillator in OPRM Unit

Module Nmbduer of Frequency Description- ,

CELL1
AGRD 1___

PBD 1
DAT/ ST 1

LVPS 2
DIO 1
TRN 2
RCV 2
PFC 2 ___________________

6.5 Modification
No design modifications were made to the test specimen throughout this EMC qualification program.

6.6 Failure and Repair

There was no failure and repair of the test specimen throughout this EMC qualification program.

6.7 Preventive Maintenance and Surveillance

No preventive maintenance and surveillance were required in this project.

"roSM.UA CORPRATION
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7. DESCRIPTION OF TEST SYSTEM AND INSTRUMENTS

7.1 Test System Overview

The test system configuration is shown in Figure 7-2. The test specimen shown in Table 6-1 was mounted on a
test specimen rack placed in an EMC chamber, which is the shielded enclosure of the[ rai~st chamber No.1
shown in Figure 7-1. Test equipment was mounted on a test equipment rack placed in the control room outside
the EMC chamber. All the cables were connected to the test system according to the Electrical Cable Wiring
Diagram (ECWD) for OPRM Test System (Reference (16)).

The test equipment mainly consists of
--a,c

A[]•ptical transmit output. A[ ]•o~tical receive input. The[ ]~
simulates one APRM unit. A redundant optical transmission input signal from the APRM unit is simulated by[ ]a.c[ J.8C Since optical transmission input signals from the APRM unit are only used
for OPRM Region determination in the OPRM unit and need not undergo a transient change, those signals are
output as constant data. The OPRM unit always monitors optical transmission input signals from the APRM unit,
and the soundness of the constant data is ensured through a performance proof test before and after the EMC
qualification test. Thus the simulated output of the APRM unit is not monitored at the[ r•during the EMC
qualification test. The[ ]•i• used to simulate four LPRM units. One port of the[ ]Tsimulates
optical transmission signals of one LPRM unit containing 13 LPRM Levels, which undergoes a transient change,
and provides those signals to the OPRM unit. The[ Jascnds the same data as that sent by thet l•tor
loopback monitoring.

The[ T'•onitors the optical transmission output signals from the OPRM unit. Since the optical
transmission signals output from the OPRM unit to ELCS and[ ]aa~e equivalent, one typical port of those four
ports on the TRN module (TRN1) in the OPRM unit is monitored with one port of the[" ]Y'¢ Since the
optical signals output from the OPRM unit to SOE and TDR are equivalent, one typical port of those four ports on
the TRN module (TRN2) in the OPRM unit is monitored with one port of thef FCThe[ Tronitors
the optical transmission output signals from the PCTRN3. The signals recorded in the PC4 of the loop back
monitor are not normally evaluated. However, if there is a problem in the qualification test result, these signals
will be used to check the soundness of the( ]•j•eration.

The Relay unit is simulated by the aux-relay plate which uses a general mechanical relay. Discrete output signals
from the OPRM unit are monitored with the data recorder via the aux-relay plate. A discrete input signal (i.e.,
APRM bypass signal) is provided to the OPRM unit via the aux-relay plate.

The OPRM unit is powered from redundant Class 1E AC power supplies. Both of those AC power supplies
provide nominal 120 VAC, 60 Hz power. Therefore, those two power supplies which satisfy' the
above-mentioned specifications are used as the test equipment in the EMC qualification test. Fuses, varistors,
and noise filters equivalent to components used for actual installation are inserted to the power lines in the test
specimen rack. These fuses, varistors, and noise filters are dealt as test equipment not as test specimen.

7.2 Electrical Interface

The test specimen was connected with the test system in accordance with the electrical interface requirements
shown in Table 7-1, which will be applied to the actual installation.

TO HIAIIM CORIPORATIION
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Table 7-1 Electrical Interface

Number of Connector Max.EUTI Module Conductors Type Type To/From Voltage Current

DIO Module Discrete Input [ a~ Relay 0 to 24VDC 10 mA / line
(BSL 4) 16 Discrete Output (38pini) Panel 0 to 24VDC 10 mA / line

RCV module4FieOpiaInu FC PTN NANA

RC4odl Fiber Optical Input FC PCTRN2 N/A N/A

O RCVTR module I Fiber Optical Output FC PCTRN1 N/A N/A

Unit moduLe I Fiber Optical Output FC PCRCV1 N/A N/A

(ETeRNa module) 3(,NG)PwrWr Supy 517 10

PFC21 Powevr 8110o 165 VAC
(E•xternal module) 3 (L, N, G) Power Wire Supply 51 to 70 Hz 10A

7.3 Test Support Equipment

Table 7-2 shows the list of the test support equipment used for the EMC qualification test. The configuration
of test equipment software has been controlled in accordance with NQ-2003 "Procedure for Control of Software
Tools" (Reference (33)).

7.4 Measuring and Test Equipment (M&TE)

Table 7-3 shows the list of the Measuring and Test Equipment (M&TE) used by Toshiba for the EMC
qualification test. The M&TEs were traceable to US National Institute of Standard and Technology (NIST),
NIST through a Mutual Recognition Arrangement (MRA), or US nationally recognized standards in accordance
with NQ-3017 "Measuring and Test Equipment Control Standard" (Reference (37)). All the Toshiba's M&TEs
were demonstrated that the type, range, accuracy, resolution, and tolerance of the instrumentation were suitable
for application, as shown in the Calibration Record of Toshiba's M&TEs (Reference (30)).

The M&TEs prepared by[ ]r•ere controlled in accordance with[" ]•plicable M&TE control procedure.
The identification of the M&TEs prepared by[" )as documented in the[ •1v Test Report (Reference
(32)).

7.5 Test Laboratory

The EMC qualification test was conducted at( racAll the EMC qualification tests specified
by EMC Qualification Test Plan (Reference (17)) were accredited ais Certificate No. 0845.01 by the American
Association for Laboratory Accreditation (A2LA).

Toshiba personnel were present when tests were conducted to ensure that EMC testing were performed according
to supplier's test procedure, as well as to resolve any issues during the EMC qualification test.

7.6 Shielded Enclosures

The EMC chamber, which is the shielded enclosure of thef Jest chamber No. 1 shown in Figure 7-1, provided
a minimum of 100 dB attenuation to radio frequency (RF) electric fields. The magnetic field attenuation is a

TOUMIIIA OaDRPIOIRATIrON
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minimum of 20 dB at 1 kHz, rising tO 100 dB at 200 kHz and beyond. Low-pass filters on the 480 VAC / 60 Hz,115 VAC / 60 Hz, 120 VAC / 400 Hz, and 250 VDC power lines provide a minimum of 100 dB of attenuation
from 14 kHz to 10 GHz. The enclosure was kept free of all unnecessary personnel and equipment during the
test.

a,c

Figure 7-1[ ]¶•est Chamber No. 1

7.7 Quality Assurance
Toshiba performed the EMC qualification program under the Nuclear Instrumentation & Control Systems
Department (NICSD) quality assurance program, which complies with the applicable requirements of 10 CFR
50, Appendix B (Reference (2)) and 10 CFR 21 (Reference (1)). Toshiba Test Personnel regarding this test
activity was qualified in accordance with NQ-301 1 "Qualification Procedure of Test Personnel and QC
Inspector" (Reference (36)). All related documents were controlled in accordance with NQ-2024 "Procedure
for Document Control" (Reference (34)).

[ 1$rovided the EMC testing service for this EMC qualification program in accordance with the[ ]•
quality assurance ~program, which complies with the applicable requirements of 10 CFR 50, Appendix B and 10
CFR 21. [ ]a•,vas evaluated and registered in the Qualified Vendor List (QVL) of NICSD in accordance with
NQ-3005 "Procedure for Evaluation of Suppliers" (Reference (35 )).

T•UMIA OORO~q•~AArON
Nuclear Instrumentation & Control Systems Department 19/88



z I

C

Coto omTest Vendor Responsibility Part
Test Setup Boundary is Test Specimen Rack I ...............

= I Power Supply

Fitiot o I2ovAC (B)

0 I

0
031. . .I i . . . . . . . . . . . . . . . .

0 .

T hodtt2Monitor Probeotndowctioflitorob

• • Shild Cabloc • c)

I'0 IReceive Simulatoto

0 II

Traonsmit Simolatoor 0

BSLS •pMt-) --- -I(softt....s

BSL6 RCV 2 Optitoa (02) i " . . . . . . . •

Test Specimen Rack I iTest Equipment Rack ID

SW: Swtcoh I~ -0•Aao inl•amsintruhnml odco al .

TB: Termitnal Block - - .- One-woy com uniucatono using optics) troanmission dcc ice
PFC: Powcer Factoc Costrotlec mm Power Leod -4
D]O: Di~sceto Imt / Os~toco Test Specimens 0 -nub Consctoct

I I Test Setup Boundary 1.o.

d -

ID ___________________________________ 00 -



FC51-7513-1001 Rev.0

Table 7-2 Test Support Equipment List

No. Description Serial#
/Model# / Control# Mnfcue oe

1 AC Power Supply - a• [ ],c For providing the test specimen with AC
/PCR2000LA power.

2 Test Specimen None Toshiba For containing the EUT and power supply
Rack / None line components as test support equipment
/ None such as switches (SW), fuses, varistors, and

noise filters.
____________(24" Width x 27" Depth x 63" Heighlt)

3 Test Equipment None Toshiba For containing test support equipment such
Rack / None as aux-relay plate, DC power supply and
/ None noise cut transformer.

(24" Width x 27" Depth x 63" Height)

4 Optical Signal (Note 1, Note 2) Toshiba Comprised of PCI, three PCTRNs in PCI
Transmit Ex-Boxi1.
Simulator (OSTS) For simulating optical transmission input

/(Note_1_ signals to the OPRM unit.
5 Optical Signal (Note 1) Toshiba Comprised of PC2 and one PCRCV in PCI

Receive Ex-Box2.
Simulator (OSRS) For receiving optical transmission output
/(Note 1) signals from the OPRM unit.

6 Loopback (Notes 1) Toshiba Comprised of PC4 and one PCRCV in PCI
Monitor (LBM) Ex-Box3.
/(Note 1) For receiving the optical transmission output

from the OSTS and checking the soundness
of the OSTS.

7 Data Logeger 'c • For acquiring discrete input and output[ ] a' signals from the OPRM unit with PC3.

Note
1: The detailed hardware and software configuration of the OSTS, OSRS, and LBM is identified in the Software Tool

Registration Application Form (FDTR-12-0003-KM Rev.0 (Software tool name: OPRM Test Tool)).
2: The test pattern files used for qualification tests and related documents are identified in the Software Tool Registration

Application Form (FDTR-12-0004-KM Rev.0 (Software tool name: OPRM Test Pattern Files)).
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Table 7-3 Measuring and Test Equipment List
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8. TEST PROCEDURE

The EMC qualification test has been completed meeting the requirements in the EMC Qualification Test Plan
(Reference (17)).

8.1 Test Item and Test Sequence

The EMC qualification tests were performed in the following order.

1. Pre-Qualification Test (Performance Proof Test)
2. EMC Qualification Test

2-1. EMI/RFI Emission Test, MIL-STD-461 E
2-2. EMII/RFI Susceptibility Test, MJL-STD-461E
2-3. Power Surge Test, LEC 61000 series
2-4. ESD Test, IEC 61000-4-2

3. Post-Qualification Test (Performance Proof Test)

8.2 Performance Proof Test

8.2.1 Description of Performance Proof Test

The purpose of the performance proof test is to determine the operational validation of the test system, and to
demonstrate the soundness of the safety-related functions prior to, during, and after the EMC qualification test.
The performance proof test is comprised of setup & check-out test, operability test, and prudency test. All the
performance proof tests were performed in accordance with the following test specifications and test procedures
as required by EMC Qualification Test Plan (Reference (17)) meeting the requirements in EPRI TR- 107330
(Reference (13)). Performance degradation of the OPRM unit was evaluated in the performance proof test
before and after exposing environmental stress. In the performance proof test, all kinds of trip operability in all
Cells were checked and be analyzed.

Table 8-1 Test Specification & Test Procedure for Performance Proof Test

No. Test Specification Test Procedure
1 Setup & Check-out Test Specification Setup & Check-out Test Procedure

FC51-7021-1023 Rev.0 FC51-7021-1002 Rev.1
2 Operability Test Specification Operability Test Procedure

FC51-7021 -1024 Rev.l1 FC51-7021-1003 Rev.l1
3 Prudency Test Specification Prudency Test Procedure

___FC51-7021-1025 Rev.0 FC51-7021-1004 Rev.l1

8.2.2 Acceptance Criteria

The followings indicate the performance acceptance criteria for the test specimen.

(1) Performance of safety-related functions shall be satisfied with acceptance criteria prescribed in the Setup &
Check-out Test Procedure (Reference (19)), Operability Test Procedure (Reference (20)), and Prudency
Test Procedure (Reference (21)).

(2) There shall be no loss of output signal for safety-related functions (for example, open or short circuit).

(3) There shall be no spurious or unwanted output for safety-related functions (for example, relay contact
bounce exceeding the specified limits).

TIOSHIBmA CORPORATION
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(4) There shall be no loss of required performance characteristics for safety-related functions (for example,
inability to change state).

8.3 EMC Qualification Test

The EMC qualification test was executed in accordance with EMIiRFI Test Procedure (References (22)), Power
Surge Test Procedure (Reference (23)), ESD Test Procedure (Reference (24)), and[ ] ltMI Test Procedure

(Reference (31)).

8.3.1 Test Setup

8.3.1.1 General Test Setup

Test specimen was installed in the test specimen rack which has an open rack chassis structure. The general
test setup in this EMC qualification test is shown in Figure 8-1 and Figure 8-2, which complies with FIGURE 4
"Test setup for free standing EUT in shielded enclosure" of MIIL-STD-461lE (Reference (8)). The general test
setup was maintained during all testing.

Routings of cables except optic fiber cables in the test specimen rack were equivalent to those implemented in
an actual installation. Since the optic fiber cables are made of non-metallic material, and do not emit or receive
electrical noise as antenna, the routing of the optic fiber cables were freely implemented not considering the
actual installation.

Two meters of input power leads for Line A and Line B comprised of line (L), neutral (N), and ground (G) were
routed parallel to the front edge of the setup. The total length of power leads from the test setup boundary of
the test specimen rack to LISNs was set[ ]rIeters. Since the length of the DIO cable used
for the actual installation could be longer than[ Jl•/eters, the length of the DIO cable in the EMC chamber was

[ ]•fieters in accordance with Section 4.3.8.6.1 of MIL-STD-461E. The first[ ]{eters of the DIO cable from

the test boundary of the test specimen rack was run parallel to the front boundary of the setup in the same
manner as the power leads. The remaining length of the DIO cable was routed to the back of the setup and was
placed in a zig-zagged arrangement. Individual cables were separated by[ Tc•ntimeters measured from their

outer circumference.

The pass-through panel between the EMC chamber and the control room was used to avoid noise intrusion into
the control room that may affect measuring of the EUT performance during the EMC qualification test. The
shield of the EMC chamber side of the DIO cable was grounded to the surface of the pass-through panel in the
EMC chamber as shown in Figure 8-3. The shield of the control room side of the DIO cable was grounded to
the surface of the pass-through panel in the control room as shown in Figure 8-4.

The EUT was placed on the floor of the EMC chamber with a bonding strap connected between the chassis
ground of the test specimen rack and the ground plane, as shown in Figure 8-5. All the measurements of
bonding were acceptable as shown in Table 8-2. For MIL-STD-461E testing, the cables were isolated from the
ground plane with the[ ]•in thickness of the Non-Conductive Standoff. For LEC 61000 series testing, the
cables were isolated from the ground plane with the( J•n thickness of the Non-Conductive Standoff.

Test setup boundary was determined in accordance with the requirements in MIIL-STD-461E (Reference (8))
and the IEC 61000-4 series (References (4) through (7)). The test setup boundary includes the boundary of the
test specimen rack shown as the double line in Figure 7-2, and the[ I•eters of exposed DIO cable and power

leads.
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a,c

Figure 8-1 General Test Setup

* 1: Filter was inserted in the power line between LISN and Power Supply to reduce the noise. Pass-through*2: The cables were isolated from the ground plane by the Non-Conductive Standoff'as follows: PaefoPwr
MJL-STD-461E Test f[ ]ti2 lEC 61000series Test =[ VicPnefoPwr

Figure 8-2 General Test Layout
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a.c

Figure 8-3 Pass-through Panel Inside EMC Chamber

BC

Figure 8-4 Pass-through Panel Outside EMC Chamber
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Figure 8-5 Bonding Strap form Chassis Ground to Ground Plane

Table 8-2 MIL-STD-46 1E Bonding Summary

From ToBondingReading MIL-STD-461E RslFromToBondingReadin Requirement Result__

Ground plane LISN Input A -Ground 2.06 mI' Acceptable
Ground plane LISN Input A -Neutral ___1.68 m~q Acceptable
Ground plane LISN Input A -Line 1.33 n• Acceptable
Ground plane LISN Input B -Ground 1.57 m.Q2. m Acceptable
Ground plane LISN Input B -Neutral 1.96 ml22. m Acceptable
Ground plane LISN Input B -Line 1.62 rn2 Acceptable
Ground plane Chassis ground of test 0.103 mI'2 Acceptable

specimen rack_________

TOUMIBA CORIIORA'rlON
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8.3.1.2 Specific Test Setup

Specific test setups are as follows:

(1) RE102 andRS103
The OPRM unit of the EUT was placed such that the front panel of the OPRM unit was facing forward
directly toward the front edge of the test setup boundary.

(2) RE101 andRS101
The loop sensor was located 7 cm from the OPRM unit, each of the PFCs, and the connector of the DIO
cable connected to the OPRM unit. The plane of the loop sensor was oriented parallel to the OPRM unit,
each of the PFCs. The plane of the loop sensor was oriented parallel to the axis of the connector of the
DIO cable.

(3) CS 114 (Power Cable)
Power cables subject to CSl 14 testing were defined as the cable bundle (i.e., line (L), neutral (N), and
ground (G)) and the line (L) for Line A and Line B, respectively. The injection and monitor probes were
placed around the power cable interfacing with the terminal block where the power cable was connected in
the test specimen rack at the test setup boundary. The monitor probe was located 5 cm from the terminal
block. The injection probe was positioned 5 cm from the monitor probe.

(4) C5l14, C5l15, and C5ll6 (Signal Cable)
Signal cable subject to C S 114, CS115, and CS116 testing was defined as the cable bundle of the DIO cable.
The injection and monitor probes were placed around the cable bundle interfacing with the terminal block
where the DIO cable were connected in the test specimen rack at the test setup boundary. The monitor
probe was located 5 cm from the terminal block. The injection probe was positioned 5 cm from the
monitor probe. Optic fiber cables connecting the EUT and the test support equipment are not subject to
CS 114, C S 115, and CS 116 testing, since those optic fiber cables are made of non-metallic material cables.

8.3.2 EMC Qualification Test Requirements

The EMC qualification test items were determined as shown in Table 8-3. According to Regulatory Position
4.2 of RG 1.180, Revision 1 (Reference (3)), the C5S114, CS1 15, and C5S116 for the signal lines were selected for
this EMC qualification program. The figures following Table 8-3 show emission and susceptibility envelopes
applied for the EMC qualification test referenced in Table 8-3.
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Table 8-3 EMC Qualification Test Items

Test Item Test Method Limit!/Level Range Application

Conducted Emissions MIL-STD-461E 'AC POWER • 1 kVA"
Low Frequency CE101 Figure 8-66Hzt10z PoeLad
Conducted Emissions MIL-STD-461E II 15V'
High Frequency CEI102 Figure 8-7 10k..o2...Pwr ed
Radiated Emissions MIL-STD-461EFiue883Hzt10 zEUMagnetic Field RE101 Figure_8-8_0_Hzto_10 k _____EUT _

Radiated Emissions MIL-STD-461E
Electric Field REl102 Figure 8-9 2 MHz to 10 GHz EUT

Conducted Susceptibility MIL-STD-461E 'SOURCE VOLTAGE > 28 V' 10H~~t 5 ~ oe ed
Low Frequency CSI01 Figure 8-10

"Power Leads"
Conducted Susceptibility MIL-STD-461E Figure 8-11 10 kHz to 30 MHz Power Leads

High Frequency CS 114 91 dBMJA "Signal Leads" 1 ~t 0Mz Sga ed
___________Figure 8-11 10__zo_3__zSgnlLad

Conducted Susceptibility MIL-STD-461E 2A-Sga al
Bulk Cable Injection CS 115
Conducted Susceptibility MIL-STD-461E 5 A max
Damped Sinusoidal CS 116 Figure 8-12 10 kHz to 100 MHz Signal Cable
Transients ____________ ______

Radiated Susceptibility MIL-STD-461E Fgr -33 zt 0 ~ UMagnetic Field RSI101 Fgr -33 zt 0 ~ U

Radiated Susceptibility MIL-STD-461E IVm3 ~ o1 ~ U
Electric Field RS 103
Surge IEC 61000-4-12 Level 3-PoeCal
100 kHz Ring Wave Ring Wave (2 kV)_______
Surge IEC 61000-4-5 Level 3-PoeCal
Combination Wave Combination Wave (2 kV)
Surge IEC 61000-4-4 Level 3-PoeCal
Electrical Fast Transient EFTower(2abV)
/ Burst

Level 4
(+/- 15 kV) -EUT

Electrical Discharge IEC 61000-4-2 Air discharge_______
Susceptibility ESD Level 4

(+/- 8 kV) EUT
Contact discharge

Note:

1. Since the EUT is ac operated, this test is applicable starting from 120 Hz, which is the second harmonic of the power line frequency
of 60Hz, and extending to 150 kHz.
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8.4 Operational Modes

Applicable operational modes during the EMC qualification test were determined as shown in Table 8-4. Since the
OPRM unit is powered from redundant Class I E AC power supplies in the actual installation, the "Normal" mode is
defined as the mode that the EUT is powered form both AC power supplies, and the "Abnormal" mode is defined as
the mode that the EUT is powered from single AC power supply simulating the event of a loss of single failure of the
redundant power supplies.

Table 8-4 Operational Modes

Mode Description Test Item____
CE RE CS RS Surge ESD

R-equivalent EUT is powered off and replaced with an
equivalent resistor. X
Test support equipment is powered.

Ambient EUT is powered off.X X
Test support equipment is powered.X X - --

Normal EUT is powered from both AC power
supplies. X X X X X X
Test support equipment is powered. ___

Abnormal EUT is powered only from Line A of AC
power supply, and is powered off from Line
B of AC power supply.
Test support equipment is powered. X - X - X-
In this mode, the OPRM Minor Failure signal
is generated.

X: Applicable
C = conducted, R = radiated, and S = susceptibility

8.4.10OPRM Unit Operation Under Test

During the EMC qualification test, the OPRM unit was operated with a specific test pattern in the normal and
abnormal modes for monitoring the OPRM performance in order to demonstrate the soundness of the test
specimen throughout the test period. This section describes about the test pattern input to the OPRM unit.

An OPRM unit per division monitors the oscillation states of 44 Cells shared with 52 LPRM Levels in the
reactor core, and generates the ABA Trip, GRA Trip, and PBDA Trip, as described in Sections 6.3 (2-1) through
(2-3).

During the EMC qualification test, the OPRM unit was input the specific test pattern from the OSTS to check
the performance of the EUT. The test pattern represented simulated 52 LPRM Levels from the LPRM units,
APRM levels, and Core Flow levels from the APRM unit. In this section, the details of the test patterns are
explained. An LPRM Level was simulated with the following equation.

al,c

The test pattern of LPRM levels was generated using above equations. This equation can simulate various
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Nuclear Instrumentation & Control Systems Department 34/88



FC51-7513-1001 Rev.0

types of oscillation signals by changing the parameters.

If all the LPRMV Levels in a Cell synchronize, the Normalized Oscillation Signal (St) can be simulated by the
following theoretical formula which is simplified with four identical LPRM Levels filtered with the transfer
function.

Normalized Oscillation Signal (St):

a,c

Based on the functionality of the OPRM unit, the expected output for the test pattern was determined as
responses of the OPRM unit to the simulated Normalized Oscillation Signal (St).

The test pattern was developed so that the PBDA Trip, GRlA Trip, and ABA Trip signals are separately generated
in each of the target Cells of CELL 9, CELL 12, and CELL30. Additionally, the test pattern was developed so
that the PBDA Trip signal is generated in the target Cell of CELL 33 by inputting the LPRM Levels with
simulated random noise.

The test pattern has the following features.

Cell 9: PBDA Trip

Simulated LPRM Levels of channels 5, 16, 28, and 41 are input so that the PBDA Trip is generated only in
Cell 9.

Cell 12: GRlA Trip

Simulated LPRM Levels of channels 4, 17, 31, and 42 are input so that the GRA Trip is generated only in
Cell 12.

Cell 30: ABA Trip

Simulated LPRM4 Levels of channels 8, 21, 36, and 49 are input so that the ABA Trip is generated only in
Cell 30.

Cell 33: PBDA Trip

Simulated LPRM Levels of channels 9, 11, 48, and 50 are input so that the PBDA Trip overlapped with
noise is generated only in Cell 33.

Figure 8-14 shows the simulated Normalized Oscillation Signals and the expected timing of the OPRM Trip
generation in response to the test pattern. In Figure 8-15, the information on target Cells are shown as "CELL
Number" and the corresponding LPRM channels are shown as "LPRM Signal Number."

TOSIHIEA CORIPO1R:ATION
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In the test pattern, the LPRM Levels not involved in the Cell 9, Cell 12, Cell 30, and Cell 33 were provided as a
constant signal, 50% power. Since those LPRM Levels which make up Cell 7, 14, 21, 28, 41, 42, 43, and 44
do not oscillate, the Normalized Oscillation Signal of those Cells converge to "1 ." The APRM Level of 50%
power and the Core Flow Level of 25% of rated flow were provided during the running of the test pattern so as
not to operate the OPRM Automatic Bypass function. The cycle of the test pattern was set to 30 seconds.
This test pattern was repeatedly input to the OPRM unit from the OSTS during the EMC qualification test.
The discrete output signals and optical transmission output signals are monitored during the testing.

8.4.2 Acceptance Criteria for EMC Qualification Test

(1) EMI/RFI Emission Test

The emissions from the test specimen shall not exceed specified limit values.

(2) EMI/RFI Susceptibility Test, Power Surge Test, and ESD Test

Susceptibility Criteria (Performance Criteria)

The following susceptibility criteria in Figure 8-5 were applied for the immunity testing.

Table 8-5 Susceptibility Criteria

Criteria Performance Description
Level

A Normal performance within the specification limits
B Temporary degradation or loss of function or performance which is

self-recoverable
C Temporary degradation or loss of function or performance which

__________requires operator intervention or system reset
D Degradation or loss of function which is not recoverable due to damage

__________of equipment (components) or software, or loss of data

The test specimen shall not exhibit any malfunction, degradation of performance, or deviation from
specified limits as follows, when subjected to an immunity test signal, as required in RG 1.180, Revision 1
(Reference (3)) and MIL-STD-461E (Reference (8)). Thus, Criteria Level A is only acceptable for this
EMC qualification unless noted otherwise. Criteria Level A corresponds to the recommended
classification 1) or a) "normal performance within the specification limits" described in the IEC 61000-4
series (References (4) through (7)).

EUT Acceptance Criteria

During the test, the discrete output signals and optical transmission output signals were monitored by
Toshiba test personnel whether the EUT normally operated and error data such as protocol error or parity
error did not occur inputting the test pattern explained in Section 8.4.1.

The trip generation data of discrete output signals and the optical transmission output signals acquired were
checked in accordance with the following criteria.

* Trip interval time of the discrete output signal (i.e., the OPRM Trip signal) shall be within[
of the expected value (See Table 8-6).

rl:SeC

*Trip interval time of the optical transmission output signal shall be within["
value (See Table 8-7).

a~c]misec of the expected
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When susceptibility indications are observed in the test specimen operation, the interference signal is
reduced by 6 dB, and retest is performed. If the susceptible condition is no longer present at retest, the
Toshiba engineer should determine whether further threshold measurement should be continued using the
method specified in Section 4.3.10.4.3 of MIL-STD-461E (Reference (8)) and record the decision made on
the threshold measurement on the anomaly information of test record based on engineering judgment.

I•+ •v•l• ~,,A fl~,4.

OPRM Trip
(SCRAM)

PBDA Trip
(PB DA TRIP)

GRA Trip
(GRA TRIP)

ABA Trip
(ABATR[P)

Generated

Not Geneproted VLVLKLKL7~vLrLH2L
Tge

rap

4 - .-- I opt
I cyc Tcyc

Generated
Ntt Generated..

Generated INot Generated 1-7 P7
NtG enerated

OP RM Inoperetinv Gne eo
(OPRM INOP) Not Generated.

Ge nernted
OPRM Minor Failure
(OP RMoFAIL) Not G eneretjj

OPRM Automatic Bps
(OPRM AT BYP) Not G enereatd

-4 4-

-I I-

Figure 8-16 Check Method of Discrete Output Signal

Table 8-6 Acceptance Criteria for Discrete Outputs

Acceptance Criteria
Tga c
Tap ~
Tp,,
Tcycc

Table 8-7 Acceptance Criteria for Optical Outputs

Acceptance Ontenia

Tap
Tp
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9. TEST RESULT

9.1 Pre-Qualification Test Result

The pre-qualification test was performed prior to the EMC qualification test to demonstrate the soundness of the
OPRM safety-related functions on December 3, 2012 at the EMC chamber in( JaG The performance proof
test as pre-qualification test was conducted, which was comprised of the setup & check-out test, operability test,
and prudency test as described in Section 8.2. All the test results were documented in the Performance Proof
(Pre-Qualification for EMC Test) Test Record (Reference (28)). All the test results satisfied the acceptance
criteria specified in each test procedure and showed that the test specimen and test system correctly operated.

9.2 EMC Qualification Test Results

The EMC qualification test was performed in accordance with EMI/RFI Test Procedure (References (22)),
Power Surge Test Procedure (Reference (23)), ESD Test Procedure (Reference (24)), and [ J]tMI Test
Procedure (Reference (31)).

The test results obtained from December 13, 2012 through January 4, 2013 are reported in Sections 9.2.1
through 9.2.4 based on the test results in the [ ]•vMC Test Report (Reference (32)) which includes detailed
information on test setup, instrumentation, calibration data, test procedure, summary of test data, accuracy, and
test anomalies.

9.2.1 EMI/RFI Emission Test Result

The EMI/RFI emission test was performed on December 13 and 14, 2012. All the test items of the EMI/RFI
emission test were successfully completed. The test result for each test item was reported in the following
subsections. During the EMIIRFI emission test, the performance of the OPRM unit was input the test pattern
explained in Section 8.4.1, and checked whether the OPRM unit normally operated. The history of test
progress and performance check result by Toshiba test personnel was documented in the EMIIRFI Test Record
(Reference (25)) showing that the OPRM normally operated as expected performing its intended safety
functions.

TOUHIA caRPORATUON
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9.2.1.1 CE 101: Conducted Emissions, Low-frequency Test Result

The test specimen was subjected to the CE 101, Conducted Emissions Testing. The EUT equivalent resistive
load was approximately 697 Ohms for Normal Mode ambient scans and 510 Ohms for Abnormal Mode ambient
scans. The representative test setups (LI/L7: 120 VAC Line A and L5 120 VAC Neutral B) are shown in Figure
9-1. The conducted emissions on all the measurement points did not exceed the specified limit values and no
anomalies were observed throughout the CE101 test as shown in Table 9-1. Thus, the test specimen was found
to be compliant with the emission level required in Figure 3.1 of RG 1.180, Revision 1 (Reference (3)). The
test data of amplitude versus frequency profiles on X-Y axis outputs is shown in APPENDIX B.

LI/L7:120VAC Line A L5: 120 VAC Neutral B

Figure 9-1 Representative CE1 01 Test Setup

Table 9-1 CEI01 Test Results

Line Under L in ne etDsrpin Frequency _____

Test 1. 0. No. Start (kHz) Stop (kHz) OeaigMd etRsl
Li 120 VAC Line A 0.06 10 Normal Acceptable
L____ 2 120 VAC Neutral A 0.06 10 Normal Acceptable
L3 Ground A 0.06 10 Normal Acceptable
L4 120 VAC Line B 0.06 10 Normal Acceptable
L5 120 VAC Neutral B 0.06 10 Normal Acceptable
L6 Ground B 0.06 10 Normal Acceptable
L7 120 VAC Line A (without B) 0.06 10 Abnormal Acceptable
L8 120 VAC Neutral A (without B) 0.06 10 Abnormal Acceptable
L9 Ground A (without B) 0.06 10 Abnormal Acceptable
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9.2.1.2 CE 102: Conducted Emissions, High-frequency

The test specimen was subjected to the CE 102, Conducted Emissions Testing. The EUT equivalent resistive
load was approximately 697 ohms for Normal Mode ambient scans and 510 ohms for Abnormal Mode ambient
scans. The representative test setup (Line LI/L7: 120VAC Line A) is shown in Figure 9-2. The conducted
emissions on all the measurement points did not exceed the specified limit values and no anomalies were
observed throughout the CEI102 test as shown in Table 9-2. Thus, the test specimen was found to be compliant
with the emission level required in Figure 3.2 of RG 1.180, Revision I (Reference (3)). The test data of
amplitude versus frequency profiles on X-Y axis outputs is shown in APPENDIX B.

a,C

Figure 9-2 Representative CEI102 Test Setup (Line L1/L7: 120VAC Line A)

Table 9-2 CEI102 Test Results

LLine Under in ne etDsrpin Frequency ______ Operating TetRst
Test 1. D. No. Ln ne es ecito Start (MHz) Stop (MHz) Mode TetRsl

_____Li 120 VAC Line A 0.01 2 Normal Acceptable
_____L2 120 VAC Neutral A 0.01 2 Normal Acceptable

L3 Ground A 0.011 2 Normal Acceptable

L4i 120 VAC Line B 0.01 2 Normal Acceptable
L5 120 VAC Neutral B 0.01 2J Normal Acceptable
L6 Ground B 0.01 2 Normal Acceptable
Li 120 VAC Line A (without B) 0.01 2 Abnormal Acceptable
LB 120 VAC Neutral A (without B) 0.01 2 Abnormal Acceptable
L9 Ground A (without B) 0.01 2 Abnormal Acceptable
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9.2.1.3 REl101: Radiated Emissions, Magnetic Field

The test specimen was subjected to the RE 101, Radiated Emissions Testing. The representative test setup
(Position 1: Front of OPRM unit) is shown in Figure 9-3. The radiated emissions on all the measurement
points did not exceed the specified limit values and no anomalies were observed throughout the RE101 test as
shown in Table 9-3. Thus, the test specimen was found to be compliant with the emission level required in
Figure 3.3 of RG 1.180, Revision 1 (Reference (3)). The test data of amplitude versus frequency profiles on
X-Y axis outputs is shown in APPENDIX B.

a,c

Figure 9-3 Representative RE 101 Test Setup (Position I: OPRM Front)

Table 9-3 RE101 Test Results

Ts D. Position Location Frequency Operating Description Test Result
Ts .. Number Type Start (kHz) Stop (kHz) Mode

EUT Location 1 Front 0.03 100 Normal Chassis - Highest Acceptable
2 Back 0.03 100 Normal Emanation Location Acceptable
3 Left 0.03 100 Normal Of Each Side Acceptable
4 Righ 0.03 100 Normal Acceptable
5 Top 0.03 100 Normal Acceptable

______ 6 Bottom 0.03 100 Normal A________ cceptable
PFC's 7 PFCl, Top 0.03 100 Normal Top, Highest Acceptable

______ 8 PFC2. Top 0.03 100 Normal Emanation Location Acceptable
Connectors 9 DIO Cable 0.03 100 Normal Connector Location Acceptable

11l LVPS1 Cable 0.03 100 Normal at Each Cable End Acceptable
______ 10 LVPS2 Cable 0.03 100 Normal _________Acceptable

T~UI4IUA coupaRAylON
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9.2.1.4 RE102: Radiated Emissions, Electric Field

The test specimen was subjected to the RE102, Radiated Emissions Testing. The RE102 testing was performed
from 2 MHz to 10 GHz with two antenna orientations (vertical and horizontal), except for the rod antenna.
The active rod antenna bonding measurement was approximately 0.13 milliohms. The representative test
setups are shown in Figure 9-4. The radiated emissions on all the measurement points did not exceed the
specified limit values and no anomalies were observed throughout the RE 102 test as shown in Table 9-4. Thus,
the test specimen was found to be compliant with the emission level required in Figure 3.4 and Regulatory
Position 6 of RG 1.180, Revision 1 (Reference (3)). The test data of amplitude versus frequency profiles on
X-Y axis outputs is shown in APPENDIX B.

[]cmn Active Rod

Double Ridge Horn[ ]•n by[ ]a¢n, Vertical

ac

a.c

a.c

iac

Biconical, Horizontal

Double Ridge Horn,[ ],a'•ertial

Figure 9-4 Representative REI102 Test Setup

Table 9-4 RE1 02 Test Results

Polarization .Antenna Descripton ..... . .Frequency ______Operating Test Result
Start (MHz) Stop (MHz) Mode ____

Vertical [ a Active Rod 2 30 Normal Acceptable
Biconical 30 200 Normal Acceptable

... . Double Rid e Hornr ]icm bvr ]C 200 1000 Normal Acceptable
_____Double Ridge Hornf -- , 1000 10000 Normal Acceptable

Horiszontal Biconical 30 200 Normal Acceptable
Double Ridge Horn dm~r by Jn 200 1000 Normal Acceptable

_____Double Ridge Hom~l r ~ 1000 10000 Normal Acceptable
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9.2.2 EMI/RFI Susceptibility Test Result

The EMI/RFI susceptibility test was performed from December 15 through 29, 2012. All the test items of the
EMIL/RFI susceptibility test were successfully completed. The test result for each test item was reported in the
following subsections. During the EM'I/RFI susceptibility test, the performance of the OPRM unit was
continuously monitored inputting the test pattern explained in Section 8.4.1. The performance of the test
specimen was checked by Toshiba test personnel whether the test specimen met Criteria Level A explained in
Section 8.4.2 (2) without showing any susceptibility to applied test level. The history of test progress and
performance check result by Toshiba test personnel was documented in the EMI/R!FI Test Record (Reference
(25)) showing that the OPRM normally operated as expected performing its intended safety functions.

9.2.2.1 CSI01: Conducted Susceptibility, Low-frequency

The test specimen was subjected to the levels indicated in Figure 4.1 of RG 1.180, Revision 1 (Reference (3)) in
the frequency range of 120 Hz to 150 kHiz. The test setup is shown in Figure 9-5. The test specimen did not
exhibit susceptibility to the required interference conditions on any lines listed in Table 9-5. No anomalies
were observed, and the test specimen met Criteria Level A. Thus, the test specimen complies with the
susceptibility requirements in Regulatory Position 4.1.1 of RG 1.180, Revision 1.

Ll/L3:120VAC Line A L2: 120 VAC Line B

Figure 9-5 CS101 Test Setup

Table 9-5 CS101 Test Results

LUT I.D. Application Frequency Operating EUT Response Test Result
No. Point Start (kHz) Stop (kHz) Mode

Li 120 VAC Line A 0.12 150 Normal No deviations observed Acceptable

L2 120 VAC Line B 0.12 1 50 Normal No deviations observed Acceptable

L3 120hou VABin) 0.12 1 50 Abnormal No deviations observed Acceptable
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9.2.2.2 CSl 14: Conducted Susceptibility, High-frequency

The test specimen was subjected to the levels indicated in Figure 4.2 and the CSl 14 part of Table 14 of RG
1.180, Revision 1 (Reference (3)). The representative test setups are shown in Figure 9-6.

An anomaly that[ I•st technician applied incorrect level to the DIO cable was observed. The evaluation of
the anomaly is described in Section 9.2.5.2. As reported in Section 9.2.5.2, the re-testing of the CS114 on the
DIO cable was successfully performed as the disposition of the anomaly with the proper test level.

Eventually, the test specimen did not exhibit susceptibility to the required interference conditions on any lines
listed in Table 9-6 meeting Criteria Level A. Thus, the test specimen complies with the susceptibility
requirements in Regulatory Position 4.1.2 and the CS 114 part of Regulatory Position 4.2 of RG 1.180, Revision
1.

During reviewing[ ]lii Test Report Revision A, Toshiba Engineer found out an issue about injection probe.
It was evaluated the issue did not affect the CS1 14 test result as described in Section 9.2.5.3.

Li: DIO Cable L31L7: 120 VAC Line A

Figure 9-6 Representative CS1 14 Test Setup

Table 9-6 CS 114 Test Results

Test 1.D. Cable Type Appication Frequency _____ Operatng EUT Response Test Result
No. ________Point Start (MHz) Stop (MHz) Mode

Li Signal DIO Cable 0.01 30 Normal No deviations observed Acceptable

L N. G
12 120 VAC Line A Simultaneous 0.01 30 Normal No deviations observed Acceptable

L3 L 0.01 30 Normal No deviations observed Acceptable

L N, GL4 120 VAC Line B Simultaneous 0.01 30 Normal No deviations observed Acceptable

L5 L 0.01 30 Normal No deviations observed Acceptable

120VAC LneA LN,GL6 (without B) Simultaneous 0.01 30 Abnormal No deviations observed Acceptable

L7 L 0.01 30 Abnormal No deviations observed Acceptable
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9.2.2.3 CS1 15: Conducted Susceptibility, Bulk Cable Injection, Impulse Excitation

The test specimen was subjected to the levels indicated in the CSl15 part of Table 14 of RG 1.180, Revision 1
(Reference (3)). The test setup is shown in Figure 9-7. The test specimen did not exhibit susceptibility to the
required interference conditions on a line listed in Table 9-7. No anomalies were observed, and the test
specimen met Criteria Level A. Thus, the test specimen complies with the susceptibility requirements in the
CS 115 part of Regulatory Position 4.2 of RG 1.180, Revision 1.

Figure 9-7 CS115 Test Setup

Table 9-7 CSl15 Test Results
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9.2.2.4 CSll16: Conducted Susceptibility, Damped Sinusoidal Transients

The test specimen was subjected to the levels indicated in the C51l6 part of Table 14 of RG 1.180, Revision 1
(Reference (3)) at the following frequencies: 0.01, 0.1, 1, 10, 30, and 100 MHz. The test setup is shown in
Figure 9-8. The test specimen did not exhibit susceptibility to the required interference conditions on any
positions tested listed in Table 9-8. No anomalies were observed, and the test specimen met Criteria Level A.
Thus, the test specimen complies with the susceptibility requirements in the CS1 16 part of Regulatory Position
4.2 of RG 1.180, Revision 1.

Figure 9-8 CS 116 Test Setup

Table 9-8 C5116 Test Results

Cable Under Cable Application Test Test Test Operating EUT Response Test Result
Test L.D. Type Point Frequency Level Duration Mode ___________

CabSgnle 10 kHz 0.05 A 5 minutes Normal No deviations observed Acceptable

100 kHz 0.5 A 5 minutes Normal No deviations observed Acceptable

1 MHz 5A 5 minutes Normal No deviations observed Acceptable

10 MHz 5A 5 minutes Normal No deviations observed Acceptable

30 MHz 5A 5 minutes Normal No deviations observed Acceptable

100 MHz 1.5A 5 minutes Normal No deviations observed Acceptable
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9.2.2.5 RS 101: Radiated Susceptibility, Magnetic Field

The test specimen was subjected to the radiated magnetic fields level indicated in Figure 4.3 of RG 1.180,
Revision 1 (Reference (3)) in the frequency range of 30 Hz to 100 kHz. The representative test setup is shown
in Figure 9-9. During the RS101 testing at the position 18 (111 mm from the front edge and 89 mm from the
bottom edge on the left side panel of the OPRM unit), a PBDA Trip was failed to occur was observed once.
Toshiba engineer confirmed that this event was the same event as that reported in SNNR-I- 12-003, and the
evaluation of the anomaly is described in Section 9.2.5. The test specimen did not exhibit susceptibility to the
required interference conditions on any line tested listed in Table 9-9 meeting Criteria Level A.. Thus, the test
specimen complies with the susceptibility requirements in Regulatory Position 4.3.1 of RG 1.180, Revision 1.

Figure 9-9 Representative RS 101 Test Setup (Position 18- -OPRM Left Front)
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Table 9-9 RS 101 Test Results

Position
Number

Position 1

Position 2

Position 3

Position 4

Position 5

Position 6

Position 7

Position 8

Position 9

Position 10

Position 11

Position 12

Position 13

Position 14

Position 15

Position 16

Position 17

Position 18

Position 19

Position 20

Position 21

Location

Connectors

PFC's

Front ..
•Panel

Back

•Panel . .

TOp

•Panel

Bottom

Panel

Left

Panel

Right
Panel

Aplication Point
IMode

EUT Response Test Resuit

qormal No deviations observed Acceptable

qorrnal No deviations observed Acceptable

qormal No deviations observed Acceptable

•ormal No deviations observed Acceptable

•ormal No deviations observed Acceptable

oal No deviations observed Acceptable

4ormal Nodvainobevd Acpbl

Normal Nodvainobeed Acpbl

or..a . No deviations observed Acceptable

Normal Nodvainobevd Acpbl

o...... .... No deviations observed Acceptable

Normal Nodvainobevd Acpbl

o. ..a ... No deviations observed Acceptable

Normal Nodvainobevd Acpbl

oal No deviations observed Acceptable

Normal Nodvainobevd Acpbl

oal No deviations observed Acceptable

Normal Onanmlwaobevd

.. cho eknittiwas oncluded Acceptable

oml No deviations observed Acceptable

Normal Nodvainobevd Acpbl

oal No deviations observed Acceptable
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9.2.2.6 RS103: Radiated Susceptibility, Electric Field

The EUT was subjected to the radiated electric fields level indicated in the Regulatory Position 4.3.2 of RG
1.180, Revision 1 (Reference (3)) in the frequency range of 30 MI~z to 10 GHz. The test specimen did not
exhibit susceptibility to the required interference conditions on any positions tested listed in Table 9-10. No
anomalies were observed, and the test specimen met Criteria Level A. Thus, the test specimen complies with
the susceptibility requirements in Regulatory Position 4.3.2 of RG 1.180, Revision 1.

a,C

E a,C

30 MHz-200 MI-z, Bicon, Horizontal 200 Miz- 1 Grz,[ T'V•ertical

a. c

- 1Gc z-I10Gmz[ TYorizontal

Figure 9-10 Representative RS 103 Test Setup

Table 9-10 RS 103 Test Results

Polarization Antenna Description Frequency _____ Operating EUT Response Test Resuft

Vertical 130 MHz-200 MHz Sar 30 St 200 Normal Md No deviations observed ~Acceptable
200 MHz-1 G~z ]~ 200 100(] Normal ~No deviations observed jAcceptable

_____1GHz - 10 Gz _ ]c 1000 1000C Normal No deviations observed jAcceptable

Horiszontal ~Hz~ MHz a.c on

9(If1 A~4~kI
L

1 GHz -10 GHzI pa I Aflfl l•ltlnt• I•l,•,-m •1 M~, ~ A~kI
'~'i ~ L~
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9.2.3 Power Surge Test Result

The power surge test was performed from December 30, 2012 through January 3, 2013. All the test items of
the power surge test were successfully completed. The test result for each test item was reported in the
following subsections. During the power surge test, the performance of the OPRM unit was continuously
monitored inputting the test pattern explained in Section 8.4.1. The performance of the test specimen was
checked by Toshiba test personnel whether the test specimen met Criteria Level A explained in Section 8.4.2 (2)
without showing any susceptibility to applied test level. The history of test progress and performance check
result by Toshiba test personnel was documented in the Power Surge Test Record (Reference (26)) showing that
the OPRM normally operated as expected performing its intended safety functions.
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9.2.3.1 IEC 6 1000-4-12: Ring Wave Immunity Test Result

IIEC 61000-4-12 testing was performed by applying the disturbances of +2 kV categorized as "Category B
locations" and "Low Exposure levels" in Regulatory Position 5 and Table 22 of RG 1.180, Revision 1
(Reference (3)). The distance between the EUT and the Coupling Network was 1 meter with excess power lead
length gathered into a coil of 20 cm in diameter and spaced 10 cm (4 in) above the ground plane as shown in
Figure 9-11. All signal/control test cables were also positioned approximately 10 cm (4 in.) above the ground
plane as shown in Figure 9-11. The test specimen did not exhibit susceptibility to the required interference
conditions for all levels and applications, as listed in Table 9-11. No anomalies were observed, and the test
specimen met Criteria Level A. Thus, the test specimen was demonstrated the surge withstand capability
required in Regulatory Position 5.1 of RG 1.180, Revision 1.

Figure 9-11 Ring Wave Test Setup (120 VAC (B))

Table 9-11 Ring Wave Test Results

Cable Type Application Point Operating Phase EUTResponse Test Result
Severity Level

Mode Synchronization (kV)

___________ __________________Anl ---±2.0 ____
120 VAC (A) Line CL)- Neutral (N) Normal __0 90 270 A Acceptable

Line CL)- Ground (G) Normal __0 90 270 A Acceptable
Neutral (N) - Ground (G) Normal __0 90 270 A Acceptable

_________Line (L) & Neutral (N) - Ground (G) Normal __0 90 270 A Acceptable
120 VAC (B) Line (L)'- Neutral (N) Normal 0 90 270 A Acceptable

Line (L)- Ground (G) Normal __0 90 270 A Acceptable
Neutral (N) - Ground (G) Normal __0 90 270 A Acceptable

__________Line CL) & Neutral (N) - Ground (G) Normal __0 90 270 A Acceptable
120 VAC (A) Line (L)- Neutral (N) Abnormal 0 90 270 A Acceptable
without 120 VAC (B) Line CL)- Ground (G) Ahnormal __0 90 270 A Acceptable

Neutral (•N) - Ground (•G) Abnormal __0 90 270 A Acceptable
_________Line (L) & Neutral (N) - Ground (G) Abnormal 0 90 270 A Acceptable
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9.2.3.2 IEC 61000-4-5: Combination Wave Immunity Test Result

IEC 61000-4-5 testing was performed by applying the disturbances of +2 kV categorized as "Category B
locations" and "Low Exposure levels" in Regulatory Position 5 and Table 22 of RG 1.180, Revision 1 (Reference
(3)). All signal/control test cables were positioned approximately 10 cm (4 in.) above the ground plane as
shown in Figure 9-12. The test specimen did not exhibit susceptibility to the required interference conditions for
all levels and applications, as listed in Table 9-12. No anomalies were observed, and the test specimen met Criteria
Level A. Thus, the test specimen was demonstrated the surge withstand capability required in Regulatory Position
5.2 of RG 1.180, Revision 1.

a,c

K

Figure 9-12 Combination Wave Test Setup (120 VAC (A))

Table 9-12 Combination Wave Test Results

Cable Type Application Point Operating Phase EOTResponse Test Result
Synchoniztion Severity Level

Mode Snhoiaon (kV)

_________An~le ±-0.5 ±+1.0 ±_2.0 ____
120 VAC (A) Line (L)- Neutral (N) Normal __0 90 270 A A A Acceptable

Line (L)- Ground (G) Normal __0 90 270 A A A Acceptable
Neutral (N) - Ground (G) Normal __0 90 270 A A A Acceptable

__________Line (L) & Neutral (N) - Ground (G) Normal __0 90 270] A A A Acceptable
120 VAC (B) Line (L)- Neutral (N) Normal __0 90 270] A A A Acceptable

Line (L)- Ground (G) Normal __0 90 270 A A A Acceptable
Neutral (N) - Ground (G) Normal __0 90 270 A A A Acceptable

_________Line (L) & Neutral (N) - Ground (•G) Normal __0 90 270] A A A Acceptable
120 VAC (A) Line (L)- Neutral (N) Abnormal __0 90 270] A A A Acceptable
without 120 VAC (B) Line (L)- Ground (G) Abnormal __0 90 270] A A A Acceptable

Neutral (N) - Ground (G) Abnormal __0 90 270] A A A Acceptable
_________Line (L) & Neutral (N) - Ground (G) Abnormal __0 90 270] A A A Acceptable
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9.2.3.3 IEC 6 1000-4-4: Electrical Fast Transient/Burst Immunity Test Result

IEC 61000-4-4 testing was performed by applying the disturbances of ±2 kV categorized as "Category B
locations" and "Low Exposure levels" in Regulatory Position 5 and Table 22 of RG 1.180, Revision 1
(Reference (3)). The distance between the EUT and the Coupling Network was 1 meter, with excess
power lead length gathered into a coil of 40 cm in diameter and spaced 10 cm (4 in) above the ground plane
as shown in Figure 9-13. All signal/control test cables were also positioned approximately 10 cm (4 in.)
above the ground plane as shown in Figure 9-13. The test specimen did not exhibit susceptibility to the
required interference conditions for all levels and applications, as listed in Table 9-13. No anomalies were
observed, and the test specimen met Criteria Level A. Thus, the test specimen was demonstrated the surge
withstand capability required in Regulatory Position 5.3 of RG 1.180, Revision 1.

Figure 9-13 EFT/B Test Setup (120 VAC (A))

Table 9-13 EFTiB Test Results

Duratio Operating EUT
Cable Type Application Point n Md RepseTest Result

120 VAC (A) Line (L) 60 Normal A Pass
Neutral (N) 60 Normal A Pass
Ground (G) 60 Normal A Pass

__________L, N, G simultaneous 60 Normal A ;Pass

120 VAC (B) Line (L) 60 Normal A Pass
Neutral (N) 60 Normal A Pass
Ground (G) 60 Normal A Pass

________ _L• N, G simultaneous 60 Normal A Pass
120 VAC (A) Line (L) 60 Normal A Pass
without 120 VAC (B) Neutral (N) 60 Normal A Pass

Ground (G) 60 Normal A Pass
__________L, N, G simultaneous 60 Normal A Pass
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9.2.4 Electrostatic Discharge (ESD) Test Result

ESD test was performed on January 3 and 4, 2013. During the ESD test, the performance of the OPRM unit
was continuously monitored inputting the test pattern explained in Section 8.4.1. The performance of the test
specimen was checked by Toshiba test personnel whether the test specimen met Criteria Level A explained in
Section 8.4.2 (2) without showing any susceptibility to applied test level. The history of test progress and
performance check result by Toshiba test personnel was documented in the ESD Test Record (Reference (27))
showing that the OPRM normally operated as expected performing its intended safety functions.

The ESD test in accordance with LEC 61000-4-2 (Reference (4)) was performed by applying the Level 4
shown in Table I of IEC 61000-4-2. The representative ESD test setup is shown in Figure 9-14. The test
specimen did not exhibit susceptibility to the required interference conditions for all levels and applications, as
listed in Table 9-14 and Table 9-15. No anomalies were observed, and the test specimen met Criteria Level A.
Thus, the test specimen was demonstrated the ESD withstand capability required in Section 4.3.8 of EPRI
TR-107730 (Reference (13)).

a,C

aC

Air Gap Discharge: ESD Test Point I.D. No.1 Direct Discharge: ESD Test Point I.D. No.46

•i,~C

Indirect Discharge: ESD Test Point I.D. No.57

Figure 9-14 ESD Test Setup
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Table 9-14 ESD Test Results (Air Gap Discharge)

Total EUT Response J
Test Type IDPosition Pulses SeverityLevel (kV) JTest Result

_ _a~c +2.0+40J +8.[ 5.04

Air Gap
Discharge

3
4
5
6
7
8
9
10
-1

17

19

214

25

27
28
29
30
31
322
233

34

35-

36

37

38
39
40
41
42
433

101101 A A A A
1010 A A

10 10 A A A A Acceptable
10 10 A A A A Acceptable
10 10 A A A A Acceptable
10 10 A A A A Acceptable
10 10 A A A A Acceptable
10 10 A A A A Acceptable
10 10 A A A A Acceptable
10 10 A A A A Acceptable
10 10 A A A A Acceptable
10 10 A A A A Acceptable
10 10 A A A A Acceptable
10 10 A A A A Acceptable
10 10 A A A A Acceptable
10 10 A A A A Acceptable
10 10 A A A A Acceptable
10 10 A A A A Acceptable
10 10 A A A A Acceptable
10 10 A A A A Acceptable
10 10l A A A A Acceptable
10 10 A A A A Acpal
10 10 A A A A Acceptable
10 10 A A A A Acceptable
10 10 A A A A Acceptable
10 10 A A A A Acceptable
10 10 A A A A Acceptable
10 10 A A A A Acceptable
10 10 A A A A Acepable
10 10 A A A A Acceptable
10 10 A A A A Acceptable
10 10 A A A A Acceptable
10 10 A A A A Acceptable

10 10 A A A A Acceptable

10 10 A A A A Acceptable

10 10 A A A A Acceptable

10 10 A A A A Acceptable

10 10 A A A A Acceptable

10 10 A A A A Acceptable
10 10 A A A A Acceptable
10 10 A A A A Acceptable
10 10 A A A A Acceptable

Acceptable

101101 A A A A Acceptable
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Table 9-15 ESD Test Results (Contact Discharge)

Total EUT Response
Test Type ID Position Pulses Severity Level (kV) Test Result

_____sc + - +2.0 +4.0 ±6.0 +8.0
Direct 44 10 10 A A A A Acceptable

Contact 45 1 0 A A A A Acpal
Dicag 610 10 A A A A Acceptable

Dshre47 10 10 A A A A Acceptable
48 10 10 A A A A Acceptable
49..• 10 10 A A A A Acceptable
50 10 10 A A A A Acceptable

51.• 10 10 A A A A Acceptable

52 10O 10 A A A A Acceptable

53.• 10 10 A A A A Acceptable
Cnat 54 10 10 A A A A Acceptable

Discharge 5...5 10 10 A A A A Acceptable
56 10 10 A A A A Acceptable
57 10 10 A A A A Acceptable
5._.8 10 10 A A A A Acceptable

_____ 59 _____________________ 10 10 A A A A Acceptable

9.2.5 Evaluation of Test Anomaly

Four anomalies were observed in the EMC qualification test as follows.

,C

ICt
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9.3 Post-Qualification Test Result

After the completion of the EMC qualification test, the post-qualification test was performed on January 7, 2013
at the EMC chamber in[ ].,. In the post-qualification test, the performance proof test which was comprised
of the setup & check-out test, operability test, and prudency test were conducted as described in Section 8.2.
All the test results were documented in the Performance Proof (Post-Qualification for EMC Test) Test Record
(Reference (29)). All the test results satisfied the acceptance criteria specified in each test procedure and
showed that the test specimen and test system correctly operated.

] a~c100~
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10. EMC QUALIFICATION ANALYSIS

10.1 Similarity Evaluation for New Module Design

The test specimen listed in Table 6-1 was qualified through the EMC qualification test. The design changes of
the TRN module, the RCV module, and related FPGAs used in those modules were made to add Cyclic
Redundancy Check (CRC) functions. Supplemental software safety analysis activities and Verification &
Validation (V&V) activities were performed on the changes of module and FPGA designs in a same manner
applied to the test specimen listed in Table 6-1.

Table 10-1 shows the relationship between the module types of the TRN modules and the FPGA code names
applied to each module type before and after the design change. The design change is implemented on the
FPGA logic change made on TRNOPT3 to enhance the integrity of data transmission between the RCV module
and the TRN module used within the PRNM system, and data transmission between the PRNM system and
external system. No change is made to the printed circuit board wiring, parts, hardware structure, and
manufacturing process of the modules. Thus hardware design change is not included in this design change. The
HNS053 1B00001 has the same hardware configuration as that of the HNS0531B00000.

Table 10-1 Applicable Module Type and FPGA Code Name for TRN Modules

Before design change After design change

Module Type FPGA Code
Name

HNS0531 TRNOPT2
B00000 TRNAD

TRNUIJT

Table 10-2 shows the relationship between the module types of the RCV modules and the FPGA code names
applied to each module type before and after the design change. The design change is implemented on the
FPGA logic change made on RCVUNIT3 and RCVOPT3 to enhance the integrity of data transmission between
the RCV module and the TRN module used within the PRNM system, and data transmission between the PRNM
system and external system. No change is made to the printed circuit board wiring, parts, hardware structure, and
manufacturing process of the module. Thus hardware design change is not included in this design change. The
HNS0541B00001 has the same hardware configuration as that of the H-NS0541B00000.

Table 10-2 Applicable Module Type and FPGA Code Name for RCV Modules

Before design change After design change

Module Type FPGA Code Module Type FPGA Code Modified in this deign
Name Name change?

HNS0541 RCVUNIT2 HNS0541 RCVUJNIT3 Modified
B00000 RCVOPT B00001 RCVOPT3 Modified

As discussed above, it was evaluated those new module designs had no effect on the EMC qualification test
results of the OPRM unit reported in Section 9, and the qualification test results obtained for the test specimen
listed in Table 6-1 were extended to the new module designs.
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11. INSTALLATION PRACTICE AND ADMINISTRATIVE CONTROL
The purpose of this section is to prescribe the installation practice and administrative control when the OPRM unit is

installed in the actual plant.

11.1 Mounting and Orientation

1. The OPRM unit shall be mounted on a cabinet which is an enclosure made with steel.

2. The OPRM unit shall be mounted on the cabinet so that the front panel of the OPRM unit faces forward.

3. The PFCs shall be placed inside the cabinet so that the PFCs can not be seen from outside the cabinet.

4. The interconnecting power leads connecting the OPRM unit and the PFCs shall be wired inside the cabinet
so that the cables can not be seen from outside the cabinet.

5. The OPRM unit and PFCs shall be fixed to the cabinet using the specified mounting bolts.

6. The cabinet shall be designed so that no painting or coating is applied to the area of contact between the

cabinet and the OPRM unit as well as between the cabinet and PFC.

11.2 Power Line Configuration

1. The varistors and noise filters shall be inserted into the power lines in the cabinet as shown in Figure 11-1.
Noise filters to be inserted into power lines should be appropriately selected taking into account the quality
of power source of the actual installation under the in-service conditions. As described in Section 1.1.1.1,
it is recommended to use a noise filter (Model namne:[" 7fianufactured by Tyco Electronics Connectivity
Corp., or of equivalent performance to reduce emission noise if the power source is of poor quality.

a~c

Figure 11-1 Power Line Configuration
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11.3 Electrical Interfaee

1. There is no limitation for power leads from power source outside the cabinet. The power leads from
power source shall be connected at the interfacing terminal block within the cabinet.

2. The shielded DIG signal cable shall be used. For DIG signal interface, the following 2 methods are
assumed to be used:

- DIG signals are directly connected to system outside the cabinet, or

- DIG signals are connected via a Relay unit inside the cabinet to system outside the cabinet.

The former case shall involve termination of the DIG signal cable shield at the cabinet end. The latter
case shall also involve termination of the shield of the cable connected to the Relay unit at the cabinet end.
At the same time, the shield of the cable between the Relay unit and the OPRM unit shall be terminated at
the Relay unit in the latter case.

3. Non-metallic optic fiber cable specified by Toshiba shall be used.

11.4 Administrative Control (Maintenance, Surveillance, and Replacement Program)

There are no maintenance, surveillance or replacement requirements defined as a result of the EMC
qualification program.
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12. CONCLUSIONS

The EMC qualification test was performed in accordance with the requirements of EMC Qualification Test Plan
(Reference (17)) based on RG 1.180, Revision I (Reference (3)) and the EPRI TR-107330 (Reference (13)).
The qualification program included type testing and similarity analysis.

The OPRM unit installed meeting installation practices required in Section 11 was qualified by the results of this
EMC qualification test as follows:

1. The EMIIRFI emission test results in Section 9.2.1 show that the conducted and electromagnetic emissions
from the test specimen satisfied the limit level specified in Regulatory Position 3 of RG 1.180, Revision 1.

2. The EMIiRFI susceptibility test results in Section 9.2.2 show that the test specimen was not exhibit any
malfunction, degradation of performance, or deviation from specified limits specified in Section 8.4.2, when
subjected to an immunity test signal specified in Regulatory Position 4 of RG 1.180, Revision 1.

3. The power surge test results in Section 9.2.3 show that the test specimen was not exhibit any malfunction,
degradation of performance, or deviation from specified limits specified in Section 8.4.2, when subjected to
an immunity test signal in Regulatory Position 5 of RG 1.180, Revision 1.

4. The ESD test results in Section 9.2.4 show that the test specimen response met the performance criterion
"1)" classified in the Section 9 of the lEG 6 1000-4-2 (Reference (4)) for all levels and applications.

As a result of the similarity evaluation, it was determined that this EMC qualification test result could be
applicable to the new TRN module and RCV module which were made to add Cyclic Redundancy Check (CRC)
functions.

It was concluded in this EMC qualification report that the OPRM was designed to accommodate the effects of and
to be compatible with the environmental conditions required by the RG 1.180, Revision 1 (Reference (3)) and the
EPRI TR-107330 (Reference (13)) and the OPRM was qualified for safety-related component for nuclear power
plants.
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Figure A- 1 Outline Drawing of OPRM Unit
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Figure A- 2 Outline Drawing of PFC
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CEI01 Test Result (1/2)

Table B-I Summary of CE101 Test Result

i~ne Under RecnrteonsSCUm scilpifon Test Frequency Amplitude (dBgiA) (• Specifkation
•nz Fd• requency Yes INo

_____ 1 85.4922 91.156 Yes
Signal Ve'ification Cumuet Probe 3 83.217 86.164 Yes

____________ ______ 10.0 80.650 83.00 Yes
Li 0.060 105.648 114.0 Yes

Ambient -Normal Mode U2 0.060 105.083 114.0 Yes
___________ I 0.060 69.699 114.0 Yes

L1 0.060 106.863 120.0 Yes
Lt2 omiMd 0.060 105.782 120.0 Yes

Input A LU 0.060 71.54 120.0 Yes

IA 0.060 104.95 114.0 YesAmbient - Normal Mode - L5000 1.3 140Ye
Input B L6 0.060 745.73 114.0 Yes

IA 0.060 105.16 120.0 Yes
Active - Normal Mode - L500 1.1 120Ye

L7 0.060 108.06 114.0 Yes

Ambient - Abnormal Mode 2060 182 14.Ye
- Input A Without BL8060 1.0 140Ye

L7 0.060 110.36 120.0 Yes
Active - Abnormal Mode - 12000 083 10.Ye

______tA_________ BL9 0.060 69.32 120.0 Yes

a43NIt.c~~cEIsl. 35 tIm

MLaiUTMt.,b.* M~sr.UU

if ------------ -- ___________________________-c
-c ---------------- ---------.----..-.---- -

w - -.- --- -,- -------- -.-------

I --_~i~~~i-----~--------------------- ____- ---- - -.-- __ ~- -

I

~qf~

[ Jac C~~Makm

*l5P~c~hadcI~2gI2 C~m~bM.

Figure C- 1 CE101 Test I20VAC (A) -Normal (L1/L2/L3)
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CEI101 Test Result (2/2)

[
uLuawrMHb~ J~m~s.m.

U

[ Jac

Figure C- 2 CE101 Test 120VAC (B) -Normal (L4/L5iL6)
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Figure C- 3 CE 101 Test 120VAC (A) - Abnormal (L7/L8/L9)
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CE102 Test Result (1/6)

Table B-2 Summary of CE102 Test Result

Highest Recorded Compliant
Emanations Limit w/

Scan Line Under Test (dBJLA) @ Specification
Description Frequency Amplitude Frequency Yes/No

(knz) (dllpA)

Input A Line L1/L7 10 94.535 94 +/-3 Yes
L1/L7 100 74.72 73.87 +/- 3 Yes
L1/L7 - 2000 67.44 67 +/- 3 Yes

-nut•uta1~0 94.71 94 +/-3 Yes
L2/L8 ___________________ ______

L2/L8 100 74.55 73.87 +/- 3 Yes
L2/L8 - 2000 67.47 67 +/-3 Yes

Input AGround = 10 94.76 94 +/- 3 Yes
L3iL9 __________ ____________

L3/L9 100 74.35 73.87 +/- 3 Yes

SinlL3/L9 2000 67.26 67 +!- 3 Yes
Verification Input B Line • 0 94.45 94 +/- 3 Yes

IA__ _ __ _ __ _ _ _ _ _

L4 • 100 74.62 73.87 +/- 3 Yes
L4 • 2000 67.49 67 +/- 3 Yes

Input BNeutral • 10 94.58 94 +/- 3 Yes
L5 ________ _____ ____

L5 = 100 74.56 73.87 +/- 3 Yes
L5 = 2000 67.51 67 +/- 3 Yes

Inu rud10 94.49 94 +/- 3 Yes
L6__ _ __ _ __ _ _ _ _ _

L6 100 74.56 73.87 +/- 3 Yes
_____L6 • 2000 67.25 67 +/- 3 Yes

Li 34.71 71.6 88.56609155 Yes
AbetL2 33.34 63.89 88.91476702 Yes

NraMoeL3 33.59 34.49 88.84998028 Yes

Active - Li 34.74 67.48 88.55862625 Yes
Normal Mode L2 34.76 79.58 88.5536533 1 Yes

- Input A L3 33.625 37.47 88.84095238 Yes
Ambient - L4 33.41 63.35 88.89657312 Yes

Normal Mode L5 33.41 64.35 88.89657312 Yes
- Input B L6 33.275 36.9 88.93169893 Yes

Active - LA 34.76 67.3 88.5536533 1 Yes
Normal Mode L5 34.85 77.15 88.53131388 Yes

-Input B L6 33.39 38.5 88.9017671 Yes
Ambient - L7 34.71 71.42 88.56609155 Yes
Abnormal L.8 33.36 65.85 88.90956448 Yes

Mode -Input L9 33.53 36.8 88.86548071 Yes
A Without B ______ ___ ___ ____

Active - L7 33.41 71.05 88.896573 12 Yes
Abnormal L,8 34.79 66.03 88.54619979 Yes

Mode - Input L9 33.27 36.99 88.93300289 Yes
A Without B _ _ _ _ _ _ _ _ _ _ _ _
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Figure C- 4 CE102 Test 120VAC (A) Line -Normal (Li)
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Figure C- 5 CE102 Test 120VAC (A) Neutral - Normal (L2)
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Figure C- 6 CE102 Test 120 VAC (A) Ground - Normal (L3)
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Figure C- 7 CE102 Test I20VAC (B) Line - Normal (L4)
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Figure C- 8 CE 102 Test 120VAC (B) Neutral - Normal (L5)
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Figure C- 9 CE102 Test 120VAC (B) Ground- Normal (L6)
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Figure C- 10 CEI102 Test 120VAC (A) Line -Abnormal (L7)
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Figure C- 11 CEI02 Test 120VAC (A) Neutral -Abnormal (L8)
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Figure C- 12 CE 102 Test 120VAC (A) Ground -Abnormal (L9)
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Table B-3 RE 101 Test Matrix (Loop Positions)

TetL. Position Location Operating Number of DescriptionTest___LD. Number Type Mode Locations ________

9 DIO Cable Normal 1
Connector

Connectors I11 LVPS 1 Cable Normal 1 Location at Each
Cable End

10 LVPS2 Cable Normal 1
7 PFC 1, Top Normal 1 Top, Highest

PFC's Emanation
8 PFC2, Top Normal 1 Location

1 Front Normal 1

2 Bac Noral 1 Chassis - Highest
EUT 5 Top Normal 1 Emanation

Location 6 Bottom Normal 1 Location Of
Each Side

3 Left Normal 1
4 Right Normal 1

Table B-4 Summary of RE 101 Test Result

Measurement / Highest Recorded Emissions Cmlatw
Scan Frequency Field Strength Limit (dBpT) @ Sopeciication/

Description 0[z (~T Frequency Spcfct~yes / No

Position 1 52 95.007 155.253 Yes
Position 2 39 87.962 157.736 Yes
Position 3 52 90.829 155.253 Yes
Position 4 53 93.023 155.089 Yes
Position 5 57 87.91 154.461 Yes
Position 6 58 93.337 154.311 Yes
Position 7 54 94.55 1 154.928 Yes
Position 8 57 95.2 154.461 Yes
Position 9 60 91.804 158.67 Y'es
Position 10 58 95.456 154.311 Yes
Position 11 56 95.45 154.614 Yes
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Figure C- 13 RE 101 Test - OPRM Front (Position 1)
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Figure C- 14 RE101 Test - OPRM Back (Position 2)
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Figure C- 15 RE 101 Test - OPRM Left (Position 3)
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Figure C- 16 RE101 Test OPRM Right (Position 4)
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Figure C- 17 REI10 Test - OPRM Top (Position 5)
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Figure C- 18 REI01 Test- OPRM Bottom (Position 6)
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Figure C- 19 REI01 Test - PFCI (Position 7)
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Figure C- 20 REI101 Test - PFC2 (Position 8)
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Figure C- 21 RE1Il Test-DIO Cable (Position 9)
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Figure C- 22 RE 101 Test - LVPSI1 Cable (Position 11)
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Figure C- 23 REI101 Test LVPS2 Cable (Position 10)
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Table B-5 Summary of RE 102 Test

jcHHlestReored Emissions Limit Compliant wI
Dsrpin Antenna & Polarization Frequency Amplitude (dfl~uV/) @ Specification

DwltMn___________ (dnuV/m) Frequency Yes / No

S2.0 52.996 53 +/- 3 Yes
Active Rod =15.0 53.279 53 +1- 3 Yes
___________ 29.9 52.69 53 +/- 3 Yes

= 30.1 53.59 53 +/-3 Yes

SinlBiconical -•100.0 53.38 53 +/- 3 Yes
Signal ______ 199.5 56.5 55.76 +/-3 Yes

Veiiain=200.0 56.7 55.76 +1-3 Yes

Large Horn 625.0 61.9 60.6 +/-3 Yes
S999.0 64.095 62.69 +/- 3 Yes

S-llHon1300.0 65.64 63.9 +/-3 Yes
_____ _________ 10000.0 74.86 74 +/- 3 Yes

Active Rod -Vertical = 22.45 24.88 53 Yes
Biconical- Vertical = 99.01 15.95 53 Yes

Large Horn- Vertical = 989.1 24.74 62.6 Yes
Ambient Small Hom- Vertical = 4158.4 45.11 69.4 Yes

Biconical- Horizontal 189.5 18.44 55.5 Yes
Large Horn- Horizontal -•997.5 25.6 62.6 Yes
Small Horn - Horiontal 2695.8 42.28 67.3 Yes
Active Rod - Vertical 27.0 33.72 59 Yes
Biconical- Vertical -•57.46 57.81 59 Yes

EUT Large Horn - Vertical 368 40.26 64.3 Yes
Small Horn- Vertical 1013.7 41.67 68.7 YesActive Biconical - Horizontal 164.78 56.87 60.98 Yes

Large Horn- Horizontal = 391.9 34.01 64.57 Yes
_____ SmallHorn-Horizontal = 1110 47.32 69.17 Yes
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Figure C- 24 RE102 Test - Vertical Antenna Polarization
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Figure C- 25 RE 102 Test - Horizontal Antenna Polarization
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