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1.0 PURPOSE AND SCOPE

A specially configured HFC-6000 control system (Test Specimen) has been configured
for generic qualification as a commercially available control system for safety-related
applications in nuclear power plants. This procedure covers functional verification of the
hardware configuration of the Test Specimen following reconfiguration in preparation for
repetition of the seismic test. This test will be performed prior to repetition of the
Prudency and Operability test at HFC, and it will be repeated after the Test Specimen is
assembled on the Seismic Simulator table at Wyle.

2.0 REFERENCES

2.1 INDUSTRY STANDARDS

This test procedure constitutes part of the prequalification testing for the HFC-6000
control system. These tests have been developed to document the baseline performance
of the control system Test Specimen prior to the start of qualification stress testing.

EPRI TR-107330 Generic Requirements Specification for Qualifying a Commer-
cially Available PLC for Safety-Related Applications in Nuclear
Power Plants

2.2 HFC DOCUMENTATION

TN0401 Master Test Plan
VV0414 Master Configuration List
700907-01 TSAP Logic Diagram
700907-02 Single-Loop Controller TSAP Logic Diagram
700908-01 HPAT Logic Diagram
SCR 912

2.3 HFC INTERNAL STANDARDS AND PROCEDURES

QPP 5.1
QPP 11.1
WI-ENG-003
WI-ENG-205
372000-43

Review and Approval of Quality Documents
Test Control
Configuration Management
Develop Software/Firmware Test Procedure
WINEWS User's Guide

2.4 SPECIAL TERMS, ABBREVIATIONS, AND ACRONYMS

CSM Control Switch Module

EWS Engineering Workstation (HFC PC software utility)

HIFR Host Interface Remote
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HPAT HFC Plant Automated Tester

JCRT Java CRT (HFC PC software utility)

LED Light Emitting Diode

M/A Manual/Automatic

PC Personal Computer

RTD Resistance Thermal Detector

Test Specimen A specific combination of hardware and software components to be
subjected to specified.test conditions

TSAP Test System Application Program

3.0 PREREQUISITES

The following paragraphs define the equipment, setup, and configuration requirements
for conducting the TSAP Validation Tests.

3.1 EQUIPMENT REQUIRED

This test will be conducted after rewiring and reconfiguration of the Test Specimen is
complete to verify that wiring and logic changes have been incorporated correctly.
Minimum equipment requirements for running this test are as follows:

o Fully integrated Test Specimen with updated TSAP logic 700907-01 and 700907-02.
* HPAT configured as required by 700908-01.
* All communication links and I/O cables installed as indicated by 700915-00.
* Multimeter

3.2 ENVIRONMENTAL CONDITIONS

The TSAP validation test will be conducted at HFC and at Wyle Labs under ambient
environmental conditions.

3.3 TEST PERSONNEL

All of the testing and monitoring functions will be conducted by one or more qualified
HFC test engineers both at the HFC facility and at Wyle Labs.
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3.4 PRECAUTIONS

Certain I/O circuits are energized with high voltages
and may carry potentially hazardous current loads.
Exercise caution whenever working around exposed
terminals or circuitry.

3.5 RED-LINE POLICY

The HFC policy for entering red-line corrections into a test procedure are presented in
paragraph 2.6 of TN0401. Such entries may be used to correct errors of content and
procedural sequence in test documents or in engineering drawings to prevent disruption
of a test in progress.

3.6 TEST SETUP REQUIREMENTS

Validation that test setup is complete:
Name/Date
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4.0 TEST SEQUENCE

The overall validation test will verify all I/O signal routing and functional operation of
the Test Specimen prior to the start of the Operability and Prudency tests.

4.1 I/O SIGNAL ROUTING VERIFICATION

4.2 SIMULATED CONTROL FUNCTIONAL TESTS

The TSAP for the main Test Specimen controller includes six simulated digital control
loops and three simulated analog control loops; the TSAP for the single-loop controller
includes one simulated digital control loop. Functional operation of the logic for these
loops was validated during the original execution of the TSAP Validation Test (TP0408).
The present test will be limited to validation of the logic changes made prior to the rerun
of the seismic qualification test.

4.2.1 T06 Air Circuit Breaker Control Logic
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The only modification to this logic consisted in the addition of a software switch to
permit selection between CRT control of CSM inputs and the hardware interface with the
physical CSM.

4.2.2 T07 Solenoid Control Lo2ic

The only change to this logic consisted in the addition of the software switch to
enable/disable JCRT control of the CSM inputs.
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4.2.3
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T08 Non Reversin2 Motor Starter Control Logic

The only change to this logic consisted in the addition of the software switch to
enable/disable JCRT control of the CSM inputs.
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4.2.4 T09 Reversing Motor Starter Control Logic

The only change to this logic consisted in the addition of the software switch to
enable/disable JCRT control of the CSM inputs.
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4.2.5 TO10 Simulated ESFAS Control Logic

No change was made to this logic, so no additional testing is necessary.

4.2.6 T012 Simulated Main Feedwater Isolation Valve Control Logic

The only change to this logic consisted in the addition of the software switch to
enable/disable JCRT control of the CSM inputs.
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4.2.7 Simulated Analog Control Loops

All changes to the TSAP logic diagrams consisted in the incorporation of redline
corrections that had been made in the code during the previous testing. No further testing
of these modifications is required. However, the hardware interface with the M/A
stations was not previously available. If the HFC-PCC06 is operational, testing will
consist of verifying M/A station functions for each loop.
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4.2.8 Single Loop Controller Logic

The single loop controller TSAP contains simulated switchgear control logic. This logic
was modified to permit installation of the HFC-PSR06 module in the rack. The
modification consisted of removing the HFC-DC34 module from slot I and deleting all
associated logic and I/O wiring.

5.0 ACCEPTANCE CRITERIA

Acceptable results for the TSAP consists in verification of the specific conditions listed
in Table

Table 1. TSAP Acceptance Criteria

I/O Wiring
Each output point is connected to the input point identified on the logic
diagram.
Each SOE point is connected to the correct SOE channel.
Wiring for each chatterbox point clearly labeled with a wire tag.

Digital Loops
The software switch on the main index page enables/disables JCRT control of
CSM control inputs.
If the HFC-PCC06 is operational, the hardware CSMs enable functional
control of logic operation.

Analog Loops
If the HFC-PCC06 is operational, the hardware M/A stations enable
functional control of logic operation; if the HFC-PCC06 is not operational,
software meterfaces can control loop operation.

SLC Logic
The analog BOE signal controls dynamic operation of logic operation.

6.0
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ATTACHEMENTS

The following forms are attached to this document:

* Test Equipment Log

7.0 QA RECORDS

Completion of the test procedure will be indicated by individual signoffs within this
document. Both the test procedure with completed signoffs and the attached Test
Equipment Log will be regarded as permanent QA records and will be filed in accordance
with the Project Quality Plan.
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Test Data Record

Test Plan: TN0401, Attachment D
Test Equipment Log

Test Equipment Instrument ID Cal Due Date

+ 4

+ 4

+ 4

4 4

4 4

4 4

i 4

4 4

4 i

4 4

Test Engineer Date
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1.0 PURPOSE AND SCOPE

The HFC-6000 control system (Test Specimen) is designed to operate in a wide variety of
industrial applications. The control system hardware may be installed both in an
electrical equipment room and at various other locations near the equipment under
control. In either case, the potential exists for exposure of sensitive electronic
components to high voltage electrostatic discharges. The test covered by this document
subjects each major component of the Test Specimen to simulated ESD pulses to
establish its capability to withstand such discharges without disabling* or disrupting
normal operation.

The following references in the EPRI TR-107330 standard define the scope and content
for this procedure: 4.3.8, Table 5-1, 6.3.1.B, 6.4.2

The level of ESD immunity required is defined in EPRI TR-102323-R1 Appendix B
Paragraph 3.5. ESD testing will be conducted by Wyle Laboratories based on Wyle Test
procedure 50044-10 Appendix I. The test method to be used is defined by IEC 1000-4-2
(equivalent to IEC 801-2).

2.0 REFERENCES

2.0 INDUSTRY STANDARDS

This test procedure has been developed to encompass ESD immunity testing
requirements -for Class 1E control system equipment as stipulated by the following
standards.

EPRI TR- 107330 Generic Requirements Specification for Qualifying a Commer-
cially Available PLC. for Safety-Related Applications in
Nuclear Power Plants

EPRI TR-102323-R1 Guidelines for Electromagnetic Interference Testing in Power
•Plants

IEC 1000-4-2 Electromagnetic Compatibility, Part 4: Testing and measure-
ment techniques - Section 2: Electrostatic discharge immunity
test (technically equivalent to IEC 801-2)

2.0 RELATED PLANS AND PROCEDURES

TN0401 Master Test Plan
TP0401 Integration (Setup and Checkout) Procedure
TP0402 Operability Test Procedure
TP0403 Prudency Test Procedure
TP0404 Environmental Stress Test Procedure
VV0414 Master Configuration List
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50044-10 Wyle Test Procedure for Electromagnetic Interference Testing on a HFC-
6000 Control System

2.0 SUPPORT DOCUMENTATION

700715-00
700907-01
700907-02
700909-01
700910-01
700912-01
700916-01
700916-02

Test Specimen I/O Wiring Schematic
Schematic Wiring Diagram, TSAP
Schematic Wiring Diagram, Single Loop Controller
Controller Arrangement Diagram
Card Layout, Class QSafety-Related USNRC Test Racks
System Assembly Drawings
Power Distribution, TSAP Configuration
Power Distribution, Single Loop Configuration

2.0 HFC INTERNAL STANDARDS AND PROCEDURES

QPP 5.1 Review and Approval of Quality Documents
WI-ENG-003 Configuration Management
WI-ENG-205 Develop Software/Firmware Test Procedure

2.0 SPECIAL TERMS, ABBREVIATIONS, AND ACRONYMS

CSM
EUT
HAS
HPAT
M/A
MCL
SOE
Test Specimen

TSAP

Control Switch Module
Equipment Under Test (See Test Specimen)
Historical Archiving System
HFC Plant Automated Tester
Manual/Automatic
Master Configuration List
Sequence of Events
A specific combination of hardware and software components to be
subjected to specified test conditions
Test System Application Program

3.0 TEST PREREQUISITES

The following paragraphs provide detailed requirements for setup and performance of the
ESD test. Wyle Laboratories test personnel will be responsible for installing the Test
Specimen in the test chamber and for applying the ESD test pulses to individual
components under test.. HFC test personnel will be responsible for controlling functional
operation of the Test Specimen and for detecting any failure during test.

3.0 EQUIPMENT REQUIRED

A detailed listing of hardware and software components of the Test Specimen are
provided in Attachment A of TN0401, Master Test Plan for the Control System Qualifi-
cation Project. Detailed requirements for component interconnection of the equipment
are provided by the engineering drawings listed in paragraph 2.3. Detailed requirements
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for arranging Test Specimen components are provided by paragraph 3.3 of this document
and in Wyle Test Procedure 50044-10 Appendix 1. HFC test procedures TP0402 and
TP0403 provide a list of the test equipment required to run the Operability and Prudency
tests. The Wyle test procedure lists all test equipment to be supplied by Wyle
Laboratories. Additional test equipment that HFC personnel will require during execution
of this test is as follows:

* Fluke 187 Multimeter or equivalent

3.1.1 Test Facility Reguirements

Wyle Laboratories will be responsible for supplying the ESD test signal generator and
test chamber that complies with requirements of IEC 1000-4-2.

The test facility shall provide the following climatic environment:

o Ambient temperature between 150 C and 350 C
* Relative humidity between 30% and 60%
" Atmospheric pressure between 860 mbar and 1060 mbar

3.1 TEST PERSONNEL

The ESD test will be conducted at Wyle Laboratories. One or more qualified test
engineers supplied by Wyle will mount the Test Specimen in the test chamber and apply
ESD test pulses to specified points of the equipment. A qualified test engineer from HFC
will oversee setup of the Test Specimen, conduct all functional tests, and certify all test
records produced during the test period.

3.1 RED-LINE POLICY

The HFC policy for entering red-line corrections into a test procedure are presented in
paragraph 2.6 of TN0401. Such entries may be. used to correct errors of content and
procedural sequence in test documents or in engineering drawings to prevent disruption
of a test in progress.

3.1 EQUIPMENT SETUP

The Test Specimen consists of several modular chassis, a power supply rack, a flat panel
display, CSMs and M/A stations for simulated control loops, communication hardware,
and mechanical support structures in the form of an open frame. The Test Specimen will
be initially received and configured prior to performing an environmental stress test
(HFC test procedure TP0404). Following completion of the environmental stress test, the
Test Specimen will be transported with minimal disassembly and reconfigured at the test
chamber for the next test to be conducted. The following steps outline general setup
requirements for the ESD tests. The procedure is based on the following presumptions:
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o Test Specimen components (panels and chassis) are transported to the ESD test
chamber without disassembly from their mechanical support structures.

* The mechanical support structures will be installed inside the test chamber, and the
HPAT and monitoring equipment will be located outside the test chamber.

o System configuration will consist merely of reconnecting electrical, communication,
and power cables.

* If equipment setup was accomplished for a previous test in the same test chamber,
repetition of this setup procedure will not be necessary, except for inspecting the
equipment to detect and correct any physical damage that might have been caused by

:previous tests (steps 3, 10, and 11).

Sign off each step as it is executed, and then sign final verification after setup is
satisfactorily completed.
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Validation that hardware setup is complete:
Name/date

3.1 PRECAUTIONS

The ESD test pulse consists of a high voltage spark discharge. Direct contact with this
discharge could result in severe injury to personnel. All test personnel shall observe
applicable safety precautions while the test signal is being applied.

4.0 TEST SEQUENCE

4.0 PRE TEST

After completing equipment setup, the following pre test shall be conducted to verify that
the equipment is fully operational. Initial each step as it is executed.
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I

Validation that pretest is complete:
Name/Date

4.0 ESD TEST EXECUTION

4.1.1 General Criteria

The following items summarize the general methods for test pulse application listed in
IEC 1000-4-2 Paragraph 8.3.1:

* Discharges shall be applied only to those surfaces or components that are normally
accessible during system operation. This includes all exterior surfaces of the HFC-
6000 chassis and the front panels of the switch modules and M/A stations.

* Discharges shall be applied only to those components that are normally accessed by
the customer during operation. However, because ESD warnings have been issued
for all circuit cards, no discharge shall be applied directly to internal components.

* Internal components of the switch modules or M/A stations are not accessible during
normal use. Accordingly, no discharge shall be applied to these units with their
protective case removed.
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* The test voltage shall be increased from minimum up to the test level in order to
determine the failure threshold. The final voltage shall not exceed 8 kV for direct
contact discharges or 15 kV for air discharges. (Refer to Wyle Test Procedure 50044-
10 Appendix I.)

o The test shall be conducted using single discharges with the most sensitive polarity
selected. A minimum of 10 discharges shall be applied to preselected points with at
least a 1-second interval between successive discharges.

o The ESD generator shall be held perpendicular to the surface to which the discharge
is being applied. The tip of the electrode shall be brought up to the surface as rapidly
as possible without causing damage to the electrode. The return cable from the
discharge generator shall be kept at least 0.2 m from the component under test while
the discharge is being applied.

* The HPAT will log the static TSAP I/O points (TP0404 Table 1 and Table 2) during
ESD testing to detect disruption of controlled outputs, and communication error
counters will be monitored to detect disruption of data transfers.

Table 1 lists the specific points to be exposed to the ESD test discharge and identifies the
type, of discharge to be used for each. Paragraph 4.2.2 describes the test sequence for
HFC personnel while the ESD pulses are being applied.

Table . ESD Test Points

Component Location Discharge Type
Contact
Contact
Contact
Contact
Air
Air
Air
Contact

Contact
Air
Air
Air
Air
Air
Air
Air
Air
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Table 1. ESD Test Points (Cont)

Component Location Discharge Type
Contact

Contact
I

Contact
ContactI
Air
Air

Contacti
Contact
Contact
Contact
Air

4.1.2 HFC Test Procedure

All ESD discharges will be applied in accordance with Wyle Test Procedure 50044-10
Appendix I. HFC personnel shall perform the following steps while the ESD test is in
progress.
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4.1.3 Post Test

After applying discharges to all locations listed in Table 1, run a comprehensive post test
as follows.
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5.0 ACCEPTANCE CRITERIA

Overall acceptance criteria for each component subjected to the ESD waveform shall be
as follows:

* Application of the ESD test waveform does not disrupt normal operation of the Test
Specimen or result in invalid transitions of any I/O channel, as indicated by the static
point test log and the communication error counters.

• Failure of one controller will not be-considered as a failure condition if the secondary
controller takes over primary operation for the redundant pair.

o The Test Specimen performance remains within tolerance limits after exposure to the
ESD test waveforms, and indicated by the pre test and post test Operability test
results.

Each test record shall distinguish between four different categories of response:

• Normal performance. The equipment displays no degradation or deviation from the
performance observed before the start of ESD testing.

* Temporary degradation. The equipment displays some deviation from performance
observed before the start of testing but returns to normal operation without operator
intervention.
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* Temporary loss of'function. The equipment displays deviation from performance
observed before the start of testing but returns to normal operation following operator
intervention or system reset.

* Permanent degradation. The system displays loss of function that cannot be
restored due to component damage, damage to program software, or loss of data.

6.0 QA RECORDS

The following documentation shall be generated during the environmental test. These
documents will be considered QA records and processed in accordance with the Project
Quality Plan.

* TP0401 Test Results Record (pretest results)
" Burst of Events Test Results Record (pre test report file)
o Operability Test Results Record (pre test report file)
o Operability Test Results Record (post test report file)
o Completed test procedure signoffs in each of the test procedure documents.
o Completed test result records appended to this document.
* HAS and SOE report files covering the period during the ESD test
* Alarm log file for the period during the ESD test
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Test Results Record
Test Plan: TN0401, Attachment H
ESD Test Equipment Log

Test Equipment Instrument ID Cal Due Date

i i

t 4

i i

+ 4

+ 4

Test Reviewer/Date
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Test Results Record

Test Plan: TN0401. Attachment H
ESD Tests

CSM HS-183
Item Description Signoff

1 Communication link error count record

0

C

e

0

ICL error count at start of test:
ICL error count at end of test:
C-Link error count at start of test:
C-Link error count at end of test:

Test Engineer

Test Engineer

2 Processing disruption (alarm/static data/comm. Errors):

0

0

•0

0

0

Metal mounting plate
Top mounting screw
CSM front plate
Top switch bezel
Top switch lens
Top switch LED sockets
CSM meter lens

Time:
Time:
Time:
Time:
Time:
Time:
Time:

3 Describe type of disruption: (1) Temporary Degradation, (2)
Temporary loss of function, (3) Permanent Degradation. Test Engineer
Record the maximum pulse withstood.

0

0

0

0

0

0

0

Metal mounting plate
Top mountins screw
CSM front plate
Top switch bezel
Top switch lens
Top switch LED sockets
CSM meter lens

Max pulse:.
Max pulse:
Max pulse:
Max pulse:
Max pulse:
Max pulse:
Max pulse:

Test Reviewer/Date
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Test Results Record

Test Plan: TN0401, Attachment H
ESD Tests

M/A Station FIK-135
Item Description Signoff

1 Communication link error count record

o ICL error count at start of test:
* ICL error count at end of test:
0 C-Link error count at start of test:
* C-Link error count at end of test:

2 Processing disruption (alarm/static data/comm. Errors):

Test Engineer

Test Engineer
0

0

Metal mounting plate
Metal bezel
Top mounting screw
MANUAL switch
Front panel

Time:
Time:
Time:
Time:
Time:

3 Describe type of disruption: (1) Temporary Degradation, (2)
Temporary loss of function, (3) Permanent Degradation. Test Engineer
Record maximum pulse withstood. •

0

0

0

0

0

Metal mounting plate
Metal bezel
Top mounting screw
MANUAL switch
Front panel

Max pulse:
Max pulse:
Max pulse:
Max pulse:
Max pulse:

Test Reviewer/Date
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Test Results Record

Test Plan: TN0401. Attachment H
ESD Tests

Flat Panel Display
Item Description Signoff

1 Communication link error count record

0

0

0

ICL error count at start of test:
ICL error count at end of test:
C-Link error count at start of test:
C-Link error count at end of test:

Test Engineer

Test Engineer

2 Processing disruption (alarm/static data/comm. Errors):

0

0

0

0

0

Front screen
Mounting bezel
Communication cable
G key top
Between G and H keys
Trackball

Time:
Time:
Time:
Time:
Time:
Time:

3 Describe type of disruption: (1) Temporary Degradation,. (2)
Temporary loss of function, (3) Permanent Degradation. Test Engineer.
Record maximum pulse withstood.

0

0

0

0

0

Front screen
Mounting bezel
Communication cable
G key top
Between G and H keys
Trackball

Max pulse:
Max pulse:
Max pulse:
Max pulse:
Max pulse:
Max pulse:

Test Reviewer/Date
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Test Results Record

Test Plan: TN0401. Attachment H
ESD Tests

Controller Chassis
Item Description Signoff

1 Communication link error count record

0

0

0

0

ICL error count at start of test:
ICL error count at end of test:
C-Link error count at start of test:
C-Link. error count at end of test:

Test Engineer

Test Engineer

2 Processing disruption (alarm/static data/comm. Errors):

0

0

0

0

Chassis
Front bezel
SBC06 power switch
FPC06 power switch
DPM switch
C-Link connector

Time:
Time:
Time:
Time:
Time:
Time:

3 Describe type of disruption: (1) Temporary Degradation, (2)
Temporary loss of function, (3) Permanent Degradation. Test Engineer
Record the maximum pulse withstood.

0

0

0

0

Chassis
Front bezel
SBC06 power switch
FPC06 power switch
DPM switch
C-Link connector

Max pulse:
Max pulse:
Max pulse:
Max pulse:
Max pulse:
Max pulse:

If pulse produced disruption when applied to more than one board type, record the board
types affected.

Test Reviewer/Date
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Test Results Record

Test Plan: TN0401, Attachment H
ESD Tests

Expander Chassis
Item Description Signoff

1 Communication link error count record

0

0

0

0

ICL error count at start of test:
ICL error count at end of test:
C-Link error count at start of test:
C-Link error count at end of test:

Test Engineer

Test Engineer

2 Processing disruption (alarm/static data/comm. Errors):

0

0

0

0

0

Chassis
Front bezel
SBC06 power switch
FPC06 power switch
DPM switch
C-Link connector

.Time:
Time:

Time:
Time:
Time:
Time:

3 Describe type of disruption: (1) Temporary Degradation, (2)
Temporary loss of function, (3) Permanent Degradation. Test Engineer
Record the maximum pulse withstood.

0

0

0

0

0

Chassis
Front bezel
SBC06 power switch
FPC06 power switch
DPM switch
C-Link connector

Max pulse:
Max pulse:
Max pulse:
Max pulse:
Max pulse:
Max pulse:

If pulse produced disruption when applied to more than one board type, record the board
types affected.

Test Reviewer/Date
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Test Results Record

Test Plan: TN0401, Attachment H
ESD Tests •

Single Loop Chassis
Item Description Signoff

1 Communication link error count record

0

0

0

ICL error count at start of test:
ICL error count at end of test:
C-Link error count at start of test:
C-Link error count at end of test:

Test Engineer

Test Engineer

2 Processing disruption (alarm/static data/comm. Errors):

0

0

0

0

0

Chassis
Front bezel
SBC06 power switch
FPC06 power switch
DPM switch
C-Link connector

Time:
Time:
Time:
Time:
Time:
Time:

3 Describe type of disruption: (1) Temporary Degradation, (2)
Temporary loss of function, (3) Permanent Degradation. Test Engineer
Record the maximum pulse withstood.

0

0

0

0

0

Chassis
Front bezel
SBC06 power switch
FPC06 power switch
DPM switch
C-Link connector

Max pulse:
Max pulse:
Max pulse:
Max pulse:
Max pulse:
Max pulse:

If pulse produced disruption when
types affected.

applied to more than one board type, record the board

Test Reviewer/Date
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Test Results Record

Test Plan: TN0401. Attachment H
ESD Tests

Power Supply Chassis
Item Description Signoff

1 Communication link error count record

0

0

0

0

ICL error count at start of test:
ICL error count at end of test:
C-Link error count at start of test:
C-Link error count at end of test:

Test Engineer

TestEngineer

2 Processing disruption (alarm/static data/comm. Errors):

0

0

0

0

0

Chassis
Module A 24 V
Module A 48 V
Single loop bracket
Single loop switch

Time:
Time:
Time:
Time:
Time:

3 Describe type of disruption: (1) Temporary Degradation, (2) _

Temporary loss of function, (3) Permanent Degradation. Test Engineer
Record the maximum pulse withstood.

0

0

0

Chassis
Module A 24 V
Module A 48 V
Single loop bracket
Single loop switch

Max pulse:
Max pulse:
Max pulse:
Max pulse:
Max pulse:

Test Reviewer/Date
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1.0 PURPOSE AND SCOPE

The circuit card assemblies for HFC-6000 control, system (Test Specimen) will be run in
a normal operating environment for a minimum period of 352 hours prior to system
integration. The purpose of this test is to detect any early-life failures of component
circuit cards. The scope of test will include two and a half times the total number of
cards required for the complete test specimen. Circuit card assemblies not included in the
initial configuration of the test specimen will be reserved as spares to be used as
replacements for any card that fails during the subsequent qualification tests.

The following references in the EPRI TR-107330 specification define the content and
scope of this test procedure: 5.2.F.

2.0 REFERENCES

2.0 INDUSTRY STANDARDS

This test procedure constitutes part of the prequalification testing for the HFC-6000
control system. These tests have been developed to document the baseline performance
of the control system Test Specimen prior to the start of qualification stress testing.

EPRI TR-107330 Generic Requirements Specification for Qualifying a Commer-
cially Available PLC for Safety-Related Applications in Nuclear
Power Plants

2.0 RELATED PLANS AND PROCEDURES

TNo4o0 Master Test Plan
VV0414 Master Configuration List

2.0 HFC INTERNAL STANDARDS AND PROCEDURES

QPP ,5.1
QPP 11.1
WI-ENG-003
WI-ENG-205

Review and Approval of Quality Documents
Test Control
Configuration Management
Develop Software/Firmware Test Procedure

2.0 REFERENCE DOCUMENTS

700907-01
700909-01
700916-01
700916-02

Schematic Wiring Diagram, TSAP
System Arrangement, Controller-FOT Configuration
Power Distribution, TSAP Configuration
Power Distribution, Single-Loop Configuration
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1.5 SPECIAL TERMS, ABBREVIATIONS, AND ACRONYMS

CSM Control Switch Module

DPM Dual-Ported Memory

FOT Fiber-Optics Transmitter

HAS Historical Archiving System

HIFR Host Interface Remote

M!A Manual/Automatic

MCL Master Configuration List

RH Relative Humidity

TSAP Test Application - a synthetic application program to be used for
qualification testing.

UPS Uninterruptable Power Supply

3.0 TEST PREREQUISITES

The following paragraphs define the conditions that must be established and maintained
throughout the duration of the bum-in test.

3.0 EQUIPMENT REQUIRED

A detailed listing of hardware and software components of the Test Specimen are
provided in Attachment A of TN0401, Master Test Plan for the Control System Qualifi-
cation Project. The bum-in test will be conducted in a standard 19-inch equipment
cabinet equipped with four HFC-6000 card racks and a redundant power supply. Internal
power distribution and interconnection of the four racks will conform with 700907-01,
Power Distribution.

The following equipment and facilities will be required during performance of this test.

" HFC-6000 test racks composed of one controller rack and one or more expander
racks. The racks shall be supplied with +24 and +48 vdc power and interconnected
for rack-to-rack communication.

* PC workstation with EWS suite of software installed. The PC workstation shall be
connected with the test rack via an FOT and fiber-optic C-Link. HIFR software may
be operating directly on this workstation.
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* The copy of the Bum-in Test Procedure in hand is a controlled copy of the current
revision according to Document Control records.

3.0 EQUIPMENT TO BE TESTED

The following circuit card assemblies will be included in the bum-in test.

Quantity Module Type Description

F +

F +

F +

F -~

3.0 ENVIRONMENTAL CONDITIONS

The test will be conducted in a mild environment without temperature or humidity stress
conditions being imposed. The normal operating environment for the Test Specimen
shall be as follows:

Temperature
Relative Humidity

500 to 1040 F
7% to 90% noncondensing
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1.9 TEST PERSONNEL

The bum-in test will be conducted at the in-house test facility of HFC. All testing and
monitoring functions will be conducted by a qualified HFC test engineer.

3.0 EQUIPMENT SETUP

The test will be conducted with redundant controllers installed in the HFC-6000 card
racks installed and I/O cards installed in any combination in the remaining slots. The
switch and jumper configuration on the I/O cards is not significant for this test.
However, the two controller cards should be configured for redundant operation as
remote 1. The required switch and jumper arrangement is as follows:

HFC-SBC06 Configuration

Jumper Installed X Function

J1 X Causes main processor to boot from flash memory.

J5 Permits ICL operation when controller is sane and primary.

J8 X Causes ICL and CPC processors to boot from EPROM.

W2 Not used.

W3 Disables test mode.

W5 Not used.

W6 Disables test mode.

.El Not used.

E2 Not used.

SW3
1 2 3 4 5 6 7 .8 . .

0 C 0 0 0 0 0 1.O

HFC-DPM06 Configuration

SW1 SW2
1 2 3 4 7 6 17 8 1 2 3 4 15- 6 7 8

c 9 - 0 9Th 0Ilo - o Q 1 o0 o 0 o
SW4

1 2 3 4 1 5 1 6 1 7 8 1
0 C 0 O C J.C IC 01
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Prepare the equipment for bum-in test as follows:

4.0
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BURN-IN TEST SEQUENCE

The bum-in test requires a minimum period of 352 hours of operation. During that
period, all cards under test must remain in a normal operating state. Only those cards that
complete the bum-in test satisfactorily will be placed into inventory for subsequent use as
part of the HFC-6000 test specimen.

The test engineer shall maintain a separate test record for each card being tested. The test
record shall include the following information:

* Card name, part number, serial number, and software ID.
e Card rack and slot designation (if applicable) for bum-in test.
e Data and time bum-in test started.
* Date and time when bum-in test will end successfully.
o Date and time when card was removed from, the bum-in test.
* Description of equipment failure (if any).

NOTE

The 352-hour bum-in period is cumulative for each
individual card. If power .must be removed from the test
chassis before the end of the total bum-in period, the test
can resume from the point at which it was interrupted.

Failure and removal of individual cards from the test rack
before completion of the test period does not invalidate the
bum-in test for the remaining cards.
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5.0 ACCEPTANCE CRITERIA

Acceptance criteria for successful completion of the bum-in test are as follows:

* The card edge LEDs for each card under test indicate normal operation throughout
the entire test interval.

6.0 OA RECORDS

The following QA records shall be generated during this test:

* MCL - The MCL (Master Configuration List) will be generated as a spreadsheet
document that will contain the specific identification data for each card included in
the Test Specimen and each approved spare. If a card fails during any phase of
testing, failure status and the nature of the failure will be recorded in the MCL for that
card.

* Test Record for each card tested. A blank test record is appended as Attachment A to
this document.
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Burn-in Test Results Record
Test Plan: TN-4-1, Attachment D

Card Name

Attachment A

Part No. ID

Test Bed Rack and Slot
Test Summary
Item Description Signoff

1 Record date and time bum-in test period started.

2 Record date and time bum-in test period will end
successfully.

3 Bum-in test period aborted due to component failure.
Failed component identified and rejected.

4 Record date and time bum-in test stopped either
following complete 352-hour period was completed or
following component failure.

Date/Time

Date/Time

Test Engineer/date

Date/Time

Burn-in Test Log
Item Description Signoff

1 Record date and time that normal operation is verified
during bum-in test period. Date/Time

2

Date/Time
3

Date/Time
4

Date/Time
5

Date/Time
6

Date/Time
7

Date/Time
8

Date/Time

Test Reviewer/Date
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1.0 PURPOSE AND SCOPE

The HFC-6000 control system (Test Specimen) is designed to.operate in a wide variety of
industrial applications. The control system hardware may be installed both in an
electrical equipment room and at various other locations near the equipment under
control. When I/O chassis are physically located in a remote location with respect to the
controller hardware, they will be connected to the controller by means- of a dedicated
fiber-optic communication link. This link will provide the mechanism for ensuring
physical and electrical isolation between a Class lE controller and all non-Class 1E
equipment in an installation. This document covers specific testing to demonstrate two
categories of isolation:

o Channel-to-channel isolation of I/O ports under ordinary operation
0 Class 1E to non-Class 1E isolation.

The following references in the EPRI TR-107330 standard define the content and scope
for this test procedure: 4.3.2, 4.3.3, 4.3.4.3.E, 4.3.4.4.E, 4.6.4, 4.6.8, 6.3.6, 8.6.l.C.

2.0 REFERENCES

2.1 INDUSTRY STANDARDS

This test procedure has been developed to encompass module-level isolation testing and
Class 1E isolation testing for control system equipment as stipulated by the following
standards.

EPRI TR-107330 Generic Requirements Specification for Qualifying a Commer-
cially Available PLC for Safety-Related Applications in
Nuclear Power Plants

ANSI/IEEE 384 Standard Criteria for Independence of Class 1E Equipment and
Circuits

2.2 RELATED PLANS AND PROCEDURES

DD0401 Test Specimen Design Description
TN0401 Master Test Plan
TP0401 Integration (Setup andCheckout) Procedure
TP0402 Operability Test Procedure
TP0403 Prudency Test Procedure
TP0404 Environmental Stress Test
VV0414 Master Configuration List
Deleted
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2.3 SUPPORT DOCUMENTATION

700715-00
700907-01
700907-02
700909-01
700910-01
700912-01
700916-01
700916-02

Test Specimen I/O Wiring Schematic
Schematic Wiring Diagram, TSAP
Schematic Wiring Diagram, Single Loop Controller
Controller Arrangement Diagram
Card Layout, Class Q Safety-Related USNRC Test Rack
System Assembly Drawings
Power Distribution, TSAP Configuration
Power Distribution, Single Loop Configuration

2.4 HFC INTERNAL STANDARDS AND PROCEDURES

QPP 5.1
WI-ENG-003
WI-ENG-205

Review and Approval of Quality Documents
Configuration Management
Develop Software/Firmware Test Procedure

2.5 SPECIAL TERMS, ABBREVIATIONS, AND ACRONYMS

2.5.1 Acronyms

Al Analog Input
AO Analog Output
CSM Control Switch Module
DI Digital Input
DO Digital Output
HAS Historical Archiving System
HPAT HFC Plant Automated Tester
I/O Input/Output
LAN Local Area Network
LED Light Emitting Diode
MIA Manual/Automatic
MCL Master Configuration List
RTD resistance Thermal Detector
TC Thermocouple
TSAP Test System Application Program

2.5.2 Definition of Terms

The following list provides a list of terms and acronyms used in this test procedure.

Group A set of input channels that share a common ground. A group may
consist of a single channel or any subset of the total number of
channels on a particular input card.
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Test Specimen HFC-6000 control system components configured for NRC
qualification tests.

3.0 TEST PREREQUISITES

The following paragraphs provide detailed requirements for setup and performance of
tests to demonstrate normal channel-to-channel isolation of I/O hardware and Class 1E to
non-Class 1E isolation. These tests will be conducted at the I-FC facilities with HFC
personnel applying the test waveforms and monitoring functional operation of the Test
Specimen and for detecting any failure during test.

3.1 EQUIPMENT REQUIRED

A detailed listing of hardware and software components of the Test Specimen are
provided in Attachment A of TN0401, Master Test Plan for the Control System Qualifi-
cation Project. Detailed requirements for component interconnection are provided by
engineering drawings listed in paragraph 2.3. Detailed requirements for arranging. Test
Specimen components are provided by paragraph 3.3 of this document. The following
equipment and facilities will be required during performance of this test.

o Ac and dc voltage source for generating isolation test signals

* Fluke 187 Multimeter or equivalent

* HP 8116A Function Generator or equivalent

* Tektronix TDS3034 Logic Analyzer or equivalent

* HFC HPAT Automated Tester

* The Test Specimen will require two ac power sources with both sources set to normal
operating levels.

" The test environment shall provide a grounding system that conforms with
requirements of 700916-01 and 900916-02.

" The test will be conducted in a mild environment. No special conditions of
temperature or humidity will be imposed.

3.2 TEST PERSONNEL

Isolation testing will be conducted at HFC. One or more qualified HFC test engineers
conduct all functional tests, and certify all test records produced during the test period.
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3.3 RED-LINE POLICY

The HFC policy for entering red-line corrections into a test procedure are presented in
paragraph 2.6 of TN0401. Such entries may be used to correct errors of content and
procedural sequence in test documents or in engineering drawings to prevent disruption
of a test in progress.

3.4 CHANNEL-TO-CHANNEL ISOLATION

The following tests cover channel-to-channel isolation tests applicable to each of the
individual I/O card types. The primary purpose of these tests is to demonstrate immunity
to channel-to-channel interference during a design basis event. The test signals will be
applied to I/O channels both in the Class 1E portion of the Test Specimen and to I/O
channels in the expansion rack. The general approach to testing will consist of two
phases:

* First, selected channels will be subjected to the Class 1E isolation test signal. If the
component under test exhibits acceptable isolation from other components within the
system, application of additional test signals to that channel type will be bypassed.

" If the component under test does not exhibit acceptable isolation in response to the
initial Class 1E test signal, additional testing will be conducted to determine the
maximum test signal that can be applied to that type of channel without affecting
performance of other portions of the Test Specimen.

3.4.1 Normal Channel-to-Channel Isolation Test Si2nal

The minimum acceptable level of channel-to-channel isolation for normal operation
differs for each card type. A detailed summary of isolation level requirements and
acceptance criteria are listed in Table 1. The following list presents the minimum
acceptable level of isolation on a channel-to-channel or group-to-group basis.

e ±30 v peak for Al channels on a group basis

* 40 v peak for 24-vdc discrete inputs on a group basis

* 40-vdc for pulse input channels on a group basis

* 600 v peak applied for 30 seconds for 120-vac discrete output channels on a group
basis

o 600 vac and 250 vdc applied for 30 seconds for AO channels

* Twice the nominal output voltage for discrete output channels and serial I/O
channels on a group basis
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3.4.2 Class 1E Isolation Test Sianal

This isolation test refers- to demonstration of electrical isolation of class 1E control
equipment from non-class 1E equipment as well as isolation between different Class lE
channels. The minimum signal levels required for this test will be as follows:

0 600 vac applied for 30 seconds
* 250 vdc applied for 30 seconds

3.5 EQUIPMENT SETUP

The Test Specimen consists of several modular chassis, a power supply rack, a flat panel
display, CSMs and M/A stations for simulated control loops, communication hardware,
and mechanical support structures in the form of an open frame. The Test Specimen will
be initially received at Wyle and configured prior to performing an environmental stress
test (HFC test procedure TP0404). Following completion of the environmental stress
test, the test specimen will be transported with minimal disassembly and reconfigured at
the test chamber for the next test to be conducted. The isolation test will be the last of the
qualification tests to be executed at Wyle. The following steps outline general setup
requirements for the isolation test. The procedure is based on the following
presumptions:

" Test specimen components (panels and chassis) are transported to the test chamber
without disassembly from their mechanical support structures.

" The mechanical support structures will be installed inside the test chamber, and the
HPAT and monitoring equipment will be located outside the test chamber.

* System configuration will consist merely of reconnecting electrical, communication,
and power cables.

• If equipment setup was accomplished for a previous test in the same test chamber,
repetition of this setup procedure is not necessary.
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Validation that hardware setup is complete:
Name/Date

3.6 PRECAUTIONS

Surge testing involves large amplitude voltage and current transient signals that can pose
significant risk to personnel and equipment. The following precautions shall be observed
throughout execution of the test sequence to avoid injury to personnel and unnecessary
damage to equipment.

Voltage levels used for Class 1E isolation testing are potentially lethal. Only
qualified personnel should perform such tests with all applicable safety precautions
enforced.
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" Catastrophic failure of equipment under test can result in explosion or fire. The test
area should be equipped with fire protection equipment as well as hand-held fire
extinguishers.

* Test personnel should not monitor the Test Specimen directly while the test signals
are being applied.

4.0 SEQUENCE OF TESTING

4.1 PRE TEST

After completing equipment setup, the following pre test shall be conducted to verify that
the equipment is fully operational:
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4.2 ISOLATION TEST CASES

4.2.1 Class 1E Isolation

The following test cases list the Class 1E to non-Class lE isolation requirements for each
type of I/O channel .specified in EPRI TR-107330. A representative channel from each
type of I/O module in the Test Specimen will be exposed to the indicated level of test
signal(s).

NOTE

All channels of the same type on any particular module are
identical. Each test case will be executed by selecting a
single' representative channel of the indicated hardware
type at random.

I/O modules having more than one type of channel on the
same hardware assembly shall be subjected to the test
signal for both channel types.

lEO1. For current input (4 to 20 mA) Al modules, 600 vac and 250 vdc for 30 seconds
each. The following channels will be tested:

1E02. For RTD input channels, 600 vac and 250 vdc for 30 seconds each.
following channel will tested:

The

1E03. For thermocouple input 'channels, 600 vac and 250 vdc for 30 seconds each.
The following channel will be tested:

1E04. For 120-vac discrete input channels, 600 vac and 250 vdc for 30 seconds each.
Not applicable for this system.
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lEO5. For 125-vdc discrete input channels, 600 vac and 250 vdc for 30 seconds each.
Not applicable for this system.

1E06. For 48-vdc discrete input channels,, 600 vac and 250 vdc for 30 seconds each.
The following channels will be tested:

1E07. For pulse input channels, 600 vac and 250 vdc for 30 seconds each. The
following channel will be tested:

1E08. For analog output channels, 600 vac and 250 vdc for 30 seconds each. The
following channels will be tested:

1E09. For solid-state ac discrete output channels, 600 vac and 250 vdc for 30 seconds
each. The following channel will be tested:

lEOlO. For solid-state dc discrete output channels, 600 vac and 250 vdc for 30 seconds
each. The following channel will be tested:

lEOll. For serial I/O channels, 600 vac and 250 vdc for 30 seconds each. The
following channel will be tested:

lE012. For relay discrete output channels, 600 vac and 250 vdc for 30 seconds each.
The following channel will tested:

4.2.2 Channel-to Channel (Non-Class 1E) Isolation

The following test cases list the minimum channel-to-channel isolation requirement for
each type of I/O card as specified in EPRI TR-107330.
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NOTE

If the Class 1E test resulted in destructive failure of the
channel under test, either the failed module may be
replaced, or test the alternate channel may be tested.

iSO1. For current input (4 to 20 mA) Al modules, group-to-group isolation shall be at
least :30 v peak. The following channels will be tested:

IS02. For RTD input channels, group-to-group isolation shall be at least ±30 v peak.

IS03. For thermocouple input channels, group-to-group isolation shall be at least ±30 v
peak.

IS04. For 120-vac discrete input channels, group-to-group isolation shall be at least 600
v peak. Not applicable for this system.

IS05. For 125-vdc discrete input channels, group-to-group isolation shall be at least 600
v peak. Not applicable for this system.

IS06. For 48-vdc discrete input channels, group-to-group isolation shall be at least 100
vdc.

IS07. For pulse input channels, group-to-group isolation shall be at least 40 vdc.

IS08. For analog output channels, group-to-group. Module-to-module, and module-to-
backplane isolation shall be a minimum 'of 600 vac and 250 vdc applied for 30
seconds.
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ISO9. For solid-state 120-ac discrete output channels, group-to-group isolation shall be
at least 600 v peak.

ISO 10. For solid-state 125-dc discrete output channels, group-to-group isolation shall be
at least twice the nominal output voltage (250 vdc).

ISO 11. For serial I/O channels, group-to-group isolation shall be at least 300 vdc applied
for 30 seconds.

ISO 12. For relay discrete output channels, group-to-group isolation shall be at least 600-v
peak.

Table 1 provides a summary the test channels, alternate test channels, signal connection
points, and points to be monitored for each test case.

Table 1. Summary of Isolation Test Channels

Test Test Channel Alternate Channel Monitor
Cases Channel ID Cable Contacts Channel ID Cable Contacts Channel ID

lE01
IS01

1E02
IS02
1E03
IS03
1E06
IS06

1E07
IS07
1E08
IS08
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Table 1. Summary of Isolation Test Channels (Cont)

Test Test Channel Alternate Channel .Monitor
Cases Channel ID Cable Contacts Channel ID Cable Contacts Channel ID

1E09
IS09
1E010
ISO10
1E011
IsOll
1E012

4.3 TEST PREPARATION

None of the automated Operability and Prudency tests will be running during execution
of the isolation test. However, the SOE and HAS loggers will be used to monitor static
points, and the alarm process utility will be used to monitor system operation for failure
conditions.
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Verification that test preparation is complete:
Name/Date

4.4 TEST EXECUTION

The purpose of this test is to determine the level of isolation provided by each I/O
channel type in the Test Specimen. The representative I/O channels listed in paragraph
4.2.1 will be subjected to the Class lE isolation test waveforms first. If a channel
successfully meets the criteria for Class 1E isolation, no further test will be executed for
that channel type. If a channel fails to meet the Class lE isolation acceptance criteria, the
magnitude of the test signal will reduced to the level required for channel-to-channel
isolation listed in paragraph 4.2.2. If that channel passes this test, then the magnitude of
the test signal will be progressively increased in order to determine the maximum level of
isolation that module can provide.

CATON

None of the channels selected for test are connected to the
HPAT. When applying the test signal, ensure that all other
disconnected wires in the harness are held away from the
test signal leads. Arcing from the test leads to the I/O
harness could result in damage to the HPAT and invalidate
results of the isolation test.
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NOTE

Hot swapping of failed I/O modules is permitted. The
failed module and the nature of the failure shall be recorded
as part of the test report. The replacement module shall be
identified in the Master Configuration List.
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5.0 ACCEPTANCE CRITERIA

Overall acceptance criteria for each circuit type to be tested are listed in Table 2.

Table 2. Isolation Test Acceptance Criteria

Test Channel Type Test Signal Acceptance Criteria
Case

Normal Channel-to-Channel Isolation (Minimum Acceptable Levels)
All No disruption in operation for any other

channel on the card or any other module
in the chassis occurs.

IS01 4 to 20 mA Al ±30 v peak group-to- No channel other than the one under test
group isolation changes by more than 0.05%.

IS02 RTD Al ±30 v peak max group- No channel other than the one under test
to-group isolation changes by more than 0.05%.

IS03 TC AI ±30 v peak max group- No channel other than the one under test
to-group isolation changes by more than a 0.54' F (0.30

C).
IS04 120 vac DI 600 v peak group-to- No channel other than the one under test

group isolation exhibits invalid transitions.
ISO5 125 vdc DI 600 v peak group-to- No channel other than the one under test

group isolation exhibits invalid transitions
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Table 2. Isolation Test Acceptance Criteria (Cont)

Test Channel Type Test Signal Acceptance Criteria
Case
IS06 48 vdc DI 100 vdc group-to-group No channel other than the one under test

isolation exhibits invalid transitions
IS07 Pulse Input 40 vdc group-to-group No channel other than the one under test

isolation exhibits invalid transitions
IS08 AO 600 vac max for 30 sec No channel other than the one under test

250 vdc max for 30 sec changes by more than 0.05% while the
signal is applied.

IS09 Solid-state 120 600 v peak group-to- No disruption in operation for any other
vac ac DO group isolation channel on the card occurs.

ISO10 Solid-state dc Twice nominal output No disruption in operation for any other
DO voltage group-to-group channel on the card occurs

isolation
ISO11 Serial channel 300 vdc peak max port- No disruption in operation for any other

to-port isolation applied channel, the main processor, or any other
for 30 seconds module occurs

ISO12 Relay DO 600 v peak group-to- No disruption in operation for any other
group isolation channel on the card occurs

Class-lE Isolation
lEO1 4 to 20 mA Al 600 vac for 30 sec No module other than the one subjected to

250 vdc for 30 sec the test signal is affected.
IE02 RTD Al 600 vac for 30 sec No module other than the one subjected to

250 vdc for 30 sec the test signal is affected.
IE03 TC Al 600 vac for 30 sec No module other than the one subjected to

250 vdc for 30 sec the test signal is affected.
IE04 120 vac DI 600 vac for 30 sec No module other than the one subjected to

250 vdc for 30 sec the test signal is affected.
lEO5 125 vdc DI 600 vac for 30 sec No module other than the one subjected to

250 vdc for 30 sec the test signal is affected.
1E06 48 vdc DI 600 vac for 30 sec No module other than the one subjected to

250 vdc for 30 sec the test signal is affected.
IE07 Pulse Input 600 vac for 30 sec No module other than the one subjected to

250 vdc for 30 sec the test signal is affected.
IE08 AO 600 vac for 30 sec No module other than the one subjected to

250 vdc for 30 sec the test signal is affected
No other channel on the module under
test shall change by more than 0.05%.

1E09 Solid-state 120 600 vac for 30 sec No module other than the one subjected to
vac ac DO 250 vdc for 30 sec the test signal is affected

lEO10 Solid-state dc 600 vac for 30 sec No module other than the one subjected to
DO 250 vdc for 30 sec the test signal is affected

lEO11 Serial Channel 600 vac for 30 sec No module other than the one subjected to
250 vdc for 30 sec the test signal is affected

IE012 Relay DO 600 vac for 30 sec No module other than the one subjected to
250 vdc for 30 sec the test signal is affected
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6.0 QA RECORDS

The following documentation shall be-generated during isolation testing:

* Historical archive database (electronic file)
* Completed portions of TP0411 procedure
• Operability and Prudency test reports (preliminary test).
• Completed TP0411 Test Results Report sheets.
• SOE and HAS logger report files during test period.

All electronic files will be transferred to two CDs as soon as practical after completion of.
the test procedure. The CDs and manually written test data records will be considered
QA records and processed in accordance with the Project Quality Plan.
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Test Data Record

Test Plan: TN0401, Attachment H
Isolation Tests

Test Equipment [ Instrument ID Cal Due Date

_________ __________ I

I. +

i. +

4 .4

4 .4

t .4

i i

4 .4

4 .4

4 -4

+ 1-

4 +

Test Reviewer/Date
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Test Data Record

Test Plan: TN0401, Attachment H
Isolation Test Case: 1EO/ISO1
Channel Under Test: 3,AI,63 (3,AI,62 alternate)

Item Description Signoff

1 Record approximate time 600 vac test signal was applied.

2 Describe disruption, if any, on application of 600 vac test
signal.

3 Did channel under test experience destructive failure?
Describe:

-4 Record approximate time 250 vdc test signal was applied.

5 Describe disruption, if any, on application of 250 vdc test
signal.

6 Did channel under test experience destructive failure?
Describe:

7 If the module failed to meet Class 1E isolation acceptance
criteria, record the maximum level of isolation achieved:

Test Engineer

Test Engineer

Test Engineer

Test Engineer

Test Engineer

Test Engineer

Test Engineer

Test Reviewer/Date
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Test Data Record

Test Plan: TN0401. Attachment H
Isolation Test Case: 1EO/ISO1
Channel Under Test: 1,AI,894 (1,AI,885 alternate)

Item Description Signoff

1 Record approximate time 600 vac test signal was applied.

2 Describe disruption, if any, on application of 600 vac test
signal.

3 Did channel under test experience destructive failure?
Describe:

4 Record approximate time 250 vdc test signal was applied.

5 Describe disruption, if any, on application of 250 vdc test
signal.

6 Did channel under test experience destructive failure?
Describe:

7 If the module failed to meet Class 1E isolation acceptance
criteria, record the maximum level of isolation achieved:

Test Engineer

Test Engineer

Test Engineer

Test Engineer

Test Engineer

Test Engineer

Test Engineer

Test Reviewer/Date
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Test Data Record

Test Plan: TN0401, Attachment H
Isolation Test Case: 1E02/IS02
Channel Under Test: 1,AI,965 (1,AI,964 alternate)

Item Description Signoff

1 Record approximate time 600 vac test signal Was applied.

2 Describe disruption, if any, on application of 600 vac test
signal.

3 Did channel under test experience destructive failure?
Describe:

4 Record approximate time 250 vdc test signal was applied.

5 Describe disruption, if any, on application of 250 vdc test
signal.

6 Did channel under test experience destructive failure?
Describe:

7 If the module failed to meet Class 1E isolation acceptance
criteria, record the maximum level of isolation achieved:

Test Engineer

Test Engineer

Test Engineer

* Test Engineer

Test Engineer

Test Engineer

Test Engineer

Test Reviewer/Date
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Test Data Record

Test Plan: TN0401, Attachment H
Isolation Test Case: 1E03/IS03
Channel Under Test: 1,AI, 1043 (.1 ,AI, 1042 alternate)
Item Description Signoff

1 Record approximate time 600 vac test signal was applied.

2 Describe disruption, if any, on application of 600 vac test
signal.

3 Did channel under test experience destructive failure?
Describe:

4 Record approximate time 250 vdc test signal was applied.

5 Describe disruption, if any, on application of 250 vdc test
signal.

6 Did channel under test experience destructive failure?
Describe:

7 If the module failed to meet Class 1E isolation acceptance
criteria, record the maximum level of isolation achieved:

Test Engineer

Test Engineer

Test Engineer

Test Engineer

Test Engineer

Test Engineer

Test Engineer

Test Reviewer/Date
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Test Data Record

Test Plan: TN0401. Attachment H
Isolation Test Case: 1E06/IS06
Channel Under Test: 3,DI,32 (3,DI,31 alternate)

Item Description Signoff

1 Record approximate time 600 vac test signal was applied.

2 Describe disruption, if any, on application of 600 vac test
signal.

3 Did channel under test experience destructive failure?
Describe:

4 Record approximate time 250 vdc test signal was applied.

5 Describe disruption, if any, on application of 250 vdc test
signal.

6 Did channel under test experience destructive failure?
Describe:

7 If the module failed to meet Class 1E isolation acceptance
criteria, record the maximum level of isolation achieved:

Test Engineer

Test Engineer

Test Engineer

Test Engineer

Test Engineer

Test Engineer

Test Engineer

Test Reviewer/Date
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Test Data Record

Test Plan: TN0401, Attachment H
Isoiation Test Case: 1E06/1S06
Channel Under Test: 1,DI,325 (1,DI,332 alternate)
Item Description Signoff

1 Record approximate time 600 vac test signal was applied.

2 Describe disruption, if any, on application of 600 vac test
signal.

3 Did channel under test experience destructive failure?
Describe:

4 Record approximate time 250 vdc test signal was applied.

5 *Describe disruption, if any, on application of 250 vdc test
signal.

6 Did channel under test experience destructive failure?
Describe:

7 If the module failed to meet Class lE isolation acceptance
criteria, record the maximum level of isolation achieved:

Test Engineer

Test Engineer

Test Engineer

Test Engineer

Test Engineer

Test Engineer

Test Engineer

Test Reviewer/Date
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Test Data Record

Test Plan: TN0401. Attachment H
Isolation Test Case: 1E06/1S06
Channel Under Test: 1,DI,265 (1,DI,270 alternate)
Item Description Signoff

1 Record approximate time 600 vac test signal was applied.

2 Describe disruption, if any, on application of 600 vac test
signal.

3 Did channel under test experience destructive failure?
Describe:

4 Record approximate time 250 vdc test signal was applied.

5 Describe disruption, if any, on application of 250 vdc test
signal.

6 Did channel under test experience destructive failure?
Describe:

7 If the module failed to meet Class 1E isolation acceptance
criteria, record the maximum level of isolation achieved:

Test Engineer

Test Engineer

Test Engineer

Test Engineer

Test Engineer

Test Engineer

Test Engineer

Test Reviewer/Date
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Test Data Record

Test Plan: TN0401, Attachment H
Isolation Test Case: 1E06/IS06
Channel Under Test: 1,DI,311 (1,DI,308 alternate)
Item Description Signoff

1 Record approximate time 600 vac test signal was applied.

2 Describe disruption, if any, on application of 600 vac test
signal.

3 Did channel under test .experience destructive failure?
Describe:

4 *Record approximate time 250 vdc test signal was applied.

5 Describe disruption, if any, on application of 250 vdc test
signal.

6 Did channel under test experience destructive failure?
Describe:

7 If the module failed to meet Class 1E isolation acceptance
criteria, record the maximum level of isolation achieved:.

Test Engineer

Test Engineer

Test Engineer

Test Engineer

Test Engineer

Test Engineer

Test Engineer

Test Reviewer/Date
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Test Data Record

Test Plan: TN0401, Attachment H
Isolation Test Case: 1E07/IS07
Channel Under Test: 1,AI, 1021 (1,AI, 1022 alternate)
Item Description Signoff

1 Record approximate time 600 vac test signal was applied.

2 Describe disruption, if any, on application of 600 vac test
signal.

3 Did channel under test experience destructive failure?
Describe:

4 Record approximate time 250 vdc test signal was applied.

5 Describe disruption, if any, on application of 250 vdc test
signal.

6 Did channel under test experience destructive failure?
Describe:

7 If the module failed to meet Class lE isolation acceptance
criteria, record the maximum level of isolation achieved:

Test Engineer

Test Engineer

Test Engineer

Test Engineer

Test Engineer

Test Engineer

Test Engineer

Test Reviewer/Date
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Test Data Record

Test Plan: TN0401, Attachment H
Isolation Test Case: 1E08/IS08
Channel Under Test: 3,AO,63 (3,AO,62 alternate)
Item Description Signoff

1 Record approximate time 600 vac test signal was applied.

2 Describe disruption, if any, on application of 600 vac test
signal.

3 Did channel under test experience destructive failure?
Describe:

4 Record approximate time 250 vdc test signal was applied.

5 Describe disruption, if any, on application of 250 vdc test
signal.

6 Did channel under test experience destructive failure?
Describe:

7 If the module failed to meet Class 1E isolation acceptance
criteria, record the maximum level of isolation achieved:

Test Engineer

Test Engineer

Test Engineer

Test Engineer

Test Engineer

Test Engineer

Test Engineer

Test Reviewer/Date
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Test Data Record

Test Plan: TN0401, Attachment H
Isolation Test Case: !E08/IS08
Channel Under Test: 1,AO,822 (1,AO,823 alternate)

Item Description Signoff

1 Record approximate time 600 vac test signal was applied.

2 Describe disruption, if any, on application of 600 vac test
signal.

3 Did channel under test experience destructive failure?
Describe:

4 Record approximate time 250 vdc test signal was applied.

5 Describe disruption, if any, on application of 250 vdc test
signal.

6 Did channel under test experience destructive failure?
Describe:

7 If the module failed to meet Class 1E isolation acceptance
criteria, record the maximum level of isolation achieved:

Test Engineer

Test Engineer

Test Engineer

Test Engineer

Test Engineer

Test Engineer

Test Engineer

Test Reviewer/Date
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Test Data Record

Test Plan: TN0401, Attachment H
Isolation Test Case: 1E09/IS09
Channel Under Test: 1,DO,262 (1,DO,261 alternate)
Item Description Signoff

1 Record approximate time 600 vac test signal was applied.

2 Describe disruption, if any, on application of 600 vac test
signal.

3 Did channel under test experience destructive failure?
Describe:

4 Record approximate time 250 vdc test signal was applied.

5 Describe disruption, if any, on application of 250 vdc test
signal.

6 Did channel under test experience destructive failure?
Describe:

Test Engineer

Test Engineer

Test Engineer

Test Engineer

Test Engineer
N

Test Engineer

7 If the module failed to meet Class lE isolation acceptance
criteria, record the maximum level of isolation achieved: Test Engineer

Test Reviewer/Date
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Test Data Record

Test Plan: TN0401, Attachment H
Isolation Test Case: 1EOlO/ISO10
Channel Under Test: 1,DO,82 (1,DO,81 alternate)

Item Description Signoff

1 Record approximate time 600 vac test signal was applied.

2 Describe disruption, if any, on application of 600 vac test
signal.

3 Did channel under test experience destructive failure?
Describe:

4 Record approximate time 250 vdc test signal was applied.

5 Describe disruption, if any, on application of 250 vdc test
signal.

6 Did channel under test experience destructive failure?
Describe:

7 If the module failed to meet Class lE isolation acceptance
criteria, record the maximum level of isolation achieved:

Test Engineer

Test Engineer

Test Engineer

Test Engineer

Test Engineer

Test Engineer

Test Engineer

Test Reviewer/Date
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Test Data Record

Test Plan: TN0401, Attachment H
Isolation Test Case: 1EO11/ISOll
Channel Under Test: Station 2B (Station 3B)
Item Description Signoff

1 Record approximate time 30 vac test signal was applied.

2 Describe disruption, if any, on application of 30 vac test
signal.

3 Did channel under test experience destructive failure?
Describe:

4 Record approximate time 30 vdc test signal was applied.

5 Describe disruption, if any, on application of 30 vdc test
signal.

6 Did channel under test experience destructive failure?
Describe:

Test Engineer

Test Engineer

Test Engineer

Test Engineer

Test Engineer

Test Engineer

7 If the module failed to meet Class 1E isolation acceptance
criteria, record the maximum level of isolation achieved: Test Engineer

Test Reviewer/Date
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Test Data Record

Test Plan: TN0401. Attachment H
Isolatioh Test Case: 1EO12/IS012
Channel Under Test: 3,DO,56
Item Description Signoff

1 Record approximate time 600 vac test signal was applied.

2 Describe disruption, if any, on application of 600 vac test
signal.

3 Did channel under test experience destructive failure?
Describe:

4 Record approximate time 250 vdc test signal was applied.

5' Describe disruption, if any, on application of 250 vdc test
signal.

6 Did channel under test experience destructive failure?
Describe:

7 If the module failed to meet Class 1E isolation acceptance
criteria, record the maximum level of isolation achieved:

Test Engineer

Test Engineer

Test Engineer

* Test Engineer

Test Engineer

Test Engineer

Test Engineer

Test Reviewer/Date
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1.0 PURPOSE

HFC is qualifying its HFC-6000 control system for safety-related applications in U.S. nuclear
power plants. The approach taken for this qualification effort is based on the guidance provided in
EPRI-TR-107330, Generic Requirement Specification for Qualifying Commercially Available PLC
for Safety-Related Applications in Nuclear Power Plants.

This document idenj•is the specific HFC-6000 components that have been subjected to
qualification testrgt he•lpment configurations, test equipment, test setup, test system
application progran6 -e & ep-tance criteria and the base line testing performed.

2.0 SCOPE

The scope of this document is to:

1. Identify thespecific HFC-6000 condpm &it thathave been subjected to qualification testing.
2. Define the baseline test configuration ffilt o ioii•> modules of the Test Specimen and the

Test System Application Program (TSAPk/ i & ance of a set of base line acceptance
tests on this configuration constitutes the sys testing for the Test Specimen.

3. Define the base line testing which was conducte4n ii 4Eeljne test configuration prior to
performance of the qualification test program.

4. Define the baseline HFC-6000 Control System op j test resuncy, test results,
applicable accuracies, and time responses against whic _dcation test results will be
evaluated.

5. Evaluation of post qualification Operability and Prudency test results, against base line
testing results.

3.0 REFERENCES AND ACRONYMS

3.1 REFERENCES

EPRI TR-107330 Generic Requirement Specification for Qualifying Commercially Available
PLC for Safety-Related Applications in Nuclear Power Plants
TN0401 HFC-6000 Control Systems, ERD 11- Control System Qualification Project Master
Test Plan
ATP0402 HFC-6000 Control Systems, ERD 111- Control System Qualification

Application Software Objects Test Plan
TP0410 HFC-6000 Control Systems, ERD 111- Control System Qualification Project Bum-in.
Test Procedure
TP0401 HFC-6000 Control Systems, ERDI11- Control System Qualification Project
Integration (Set-up and Check-out) Procedure
TP0402 HFC-6000 Control Systems, ERDIll- Control System Qualification Project
Operability Test procedure
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*TP403 HFC-6000 Control Systems, ERD 111- Control System Qualification Project Prudency Test
procedure
VV0404 Master Configuration List, BURN IN PCBS.xls, Excel Spreadsheet Prepared by David
Briner, ERDII1 Post Seismic CD
DD0401 Test Specimen Design Description
TS901-000-30 Summary Report for Bum-in Test, Setup and Checkout Test, TSAP Validation Test.
TROO1-000-02 Application Software Objects Test Report

3.2 ACRON YM

ASO Apapi~a Software Objects
ýBOF us/'fEet
CPC Con otocol Controller
CR Condiioncp
CRC Cyclical kedun!aii2; eck
DCS Distributed
DDB Dynamic Database
EMI Electromagnetic InteterefT1
ESD Electrostatic Discharge
EWS Engineering Workstation
HAS Historical Archiving System
HFC HF Controls
HIFR Host Interface Remote
HMI Human Machine Interface
HPAT HFC Plant Automated Tester
ICL Intercommunication Link
I/O Input/Output
JCRT Java CRT Workstation
LAN Local Area Network
M/A Manual/Automatic
MCL Master Configuration List
MTP Master Test Plan
OIS Operator Interface Station
OBE Operating Basis Earthquake
PCB Printed Circuit Board
PCC Peripheral Communication Controller
PROM Programmable Read Only Memory
RFI Radio Frequency Interference
RRS Required Response Spectrum.
RTD Resistance Temperature Detector
SOE Sequence of Events
SSE Safe Shutdown Earthquake
TOD Time of Day
TSAP Test System Application Program
UCP Universal Communication Protocol
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4.0 HFC-6000 Components for Qualification Testing

4.1 HFC-6000 System Overview

HF Controls provides integrated digital systems to support nuclear power plant safety, control, and
information functions. The HFC-6000 digital safety systems meet regulatory requirements for
safety system quality, qualification, redundancy, fault tolerance, deterministic performance,
isolation and independence. The overall architecture of HF Controls distributed safety, control, and
information systems2 N he basis to meet the requirements for nuclear power plantapplications.

The HFC-6000 safety y asdesigned to operate with either single or multiple control units in
each channel. The prl man<'jodule (CPUM) in a unit is the system controller (HFC-SBC06),
which supports the execuating, conl logic programs and I/O scans. All three functions are
handled by dedicated 64/32 i --lessors. A redundant configuration of system controllers

includes two HFC-SBC06 controller boadsz.and4 one HFC-DPM06 dual ported memory board.

The Figure 4-1 illustrates the general n cgJx/i of the HFC-6000 control system as it was
configured for qualification testing. A subso 'ý_.theý.cAcoi°nents pictured in the illustration has been
selected for presentation to the NRC for generic-a aiion. Major functions of these components
are as follows: A

* The CPU Module (CPUM) provides status 2iotri-ipnd operational control for the
control system hardware, and it also executes the 1.!ifi,'.piation program.

The flat panel display, Control Switch Modules, and s&tlario'n• sustrated in the diagram
represent the operator interface for a control system. "bI',CEir , PC workstations, and
other support equipment illustrate utilities for offline programming and maintenance
functions. These elements were included with the test configuration but are excluded from
consideration for generic qualification.

* Input/Output Modules (IOM) provide the hardware interface to controlled field devices and
are implemented by different types of I/O printed circuit boards. Each I/O board has a
redundant serial interface to the controllers. This serial interface employs a proprietary poll-
response inter-communication link (ICL) protocol for communication between the I/O
boards and the system controllers. With a redundant controller configuration, each ICL is
connected with one system controller. The I/O boards can be accessed locally or remotely.

* The Power Supply Module (PSM) represents the redundant rack mounted power supply set.
*This hot swappable redundant power supply provides 24 vdc for both controller and I/O
modules.
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•er• '~Operator Engi Maintenance
t.L-f InlD. :l • sWorkstation

Figure 100 MB inforn

Figure 4-1. HFC-6000 System Arrange1it'n/ n.

.4.2 HFC-6000 Components for Qualification Testing
C-link

This section describes the hardware compon&QrifWlQU9 been used for qualification test. They
include Various i/O, communication, power supply and controller modules and chassis. The
software components for qilifjtion te~ingvill be described in the software qualification.•~~ ~ .. :rl ane uislay

4.2.1 System Controller. Module

S S.
The HFC-6000 distributed control system providesFplanb monitpring aRd c!ontrol funco S with
monitoring and control capabilities spread over mictiplocrelotC contra uoits. The HFC-SBC06
System Controller is the primary module used for irgplerrent g plant sa etyCfunctions. The HFC-
SBC06 System Controller module is positioned in tke H16C-6000 systen% tointerface wilb/he I/O
modules, which provide the signal-level interface to the ecftipmernJ and devices under mofiig orcontrol. r•

PSM IOM FPDM CPUM COMM ta

Descriptions of the functional requirements of the HFC-SBC06 System Controller module and
HFC-DPM06 Dual Ported Memory module, from an external perspective, are provided in the HFC-
6000 Product Line Requirements Specification, RS901-000-01. Detail level descriptions of the
HFC-SBC06 and HFC-DPM06 are contained in the HFC-SBC Vb- I06 System Controller
Module Detailed Design Specification, DS901-000-01.

PSM IOM connection

Page 8 of 97 Safety Non-Proprietary I/0
Controllers



HFC 6000 Baseline Testing Summary Report TS901-000-22
Rev.B

The principal functions supervised by the HFC-SBC06 System Controller are:

* Redundant Controller operation, system diagnostic, failure detection and failover;
* Execution of application control programs for the specific control logic;
o Communication with I/O modules through ICL (Intercommunication Link);

The HFC-SBC06 Systn Controller module is designed to operate in a redundant controller
configuration con d;wffwo HFC-SBC06 modules and one HFC-DPM06 module. The primary
HFC-SBC06 perfmain functions of the system controller while the secondary HFC-SBC06
operates as a 'hot asp frlj•Ahe primary HFC-SBC06. Controller modes are determined at
controller module sta -up iýiti 2 first HFC-SBC06 to complete initialization becoming primary.
The other HFC-SBC06 m>5f•qteaul& to secondary. The HFC-DPM06 module provides shared
memory between the redundan BC06 modules that keeps the secondary HFC-SBC06
module updated with a current cýý -pimary running status. This mechanism ensures a
smooth transition from one controlleern the event of fallover.

The Maintenance Failover function permit mnfsiaerification of the working status of both the
primary and the Secondary controller to makefeji , 4 -be able to take over control in the event
that the Primary controller fails.

The HFC-6000 safety system provides a communicatio nfie)to support transfer of data and
status between system components. The communication iitertace- cts the HFC-SBC06 to the
Intercommunication Link (ICL). The ICL is an RS-485 seriafef pmecting the HFC-SBC06
to its I/O modules or HFC-PCC06 interface controller modulkj h CL" network implements a
deterministic master/slave communication protocol.

The HFC-SBC06 module contains three separate microprocessor sections including the SYS
microprocessor section and the ICL microprocessor section. The C-Link microprocessor section is
also included* on this module, but it is not part of this qualification program. Each microprocessor
section is dedicated to a specific set of functional responsibilities, with the SYS processor being the
main processor for the whole controller and the other two acting as subordinate processors. The
SYS processor section is implemented with an Intel Pentium processor. It executes application
programs, coordinates operation of the other two processors, and monitors their collective status.
The ICL processor section is based on an Intel 386 processor. It supports communication with the
I/O modules or HFC-PCC06 module through the ICL.

The three independent microprocessors use Public Memory to communicate and coordinate their
individual operations. Public Memory is a shared onboard RAM section that may be accessed by
the three microprocessors over a Shared Bus. The three microprocessors connect to the Public
Memory address and data bus (Shared Bus) on the module, with each microprocessor's access to
Public Memory controlled by a bus arbitration circuit. Public Memory houses data that is shared by
the microprocessdrs and data that must be transferred between the microprocessors.

In addition to common access to Public Memory, each microprocessor is configured with a Private
Memory composed of separate PROM, Flash,. and RAM sections. A set of system firmware is
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installed in the PROM or flash memory. Private Memory is accessible only to the microprocessor
in that circuit section.

There is an onboard Sanity circuit for detection of controller failure. The SANE status and PRI
(Primary) status signals from the Sanity circuit are routed to the Failover circuit on the HFC-
DPM06 module. The Failover circuit supports failover on failure of the primary controller as well
as maintenance failover.

A dual-ported memo array on the HFC-DPM06 module is accessible to both the Primary and
Secondary contrcdJ"v ' :t•hree processors connect to the DPM address and data bus, with each
processor's access 4xY'4bji 3 PMivI controlled by a bus arbitration circuit. Software arrangements
coordinate Read and WL•r'itheD`PM by the Primary and Secondary controllers to avoid conflicts
or corrupted data.

4.2.2 Input /Output Modules

The HFC-6000 I/O modules provide si 4Anterface to the equipment and devices which are
being monitored or controlled. The major fftn ,[formed by the HFC-6000 I/O Module are:

* Measuring input signals or setting output stgn 1 .I

* Communication with HFC-SBC06 system contr tr ouh te ICL to report digital input
images or receive digital output images;

* Self-diagnostic functions

An i/o module having output channels receives digital images for its output channels from an HFC-
SBC06 system controller at regular intervals and uses this data to control each output point. An I/O
module with input channels converts the input signal for each channel into a digital image, and
.sends these images to the HFC-SBC06 system controller at regular intervals.

Each HFC-6000 I/O Module has a similar architecture as depicted by Figure 4-2.
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ICL 0 -RS-485 RS-485 ICL 1

Common features of all HFC-6000 I/O modules are as

0 An onboard 16-bit Intel 80C188EB microprocessor
* Two banks of memory:
* Upper memory provides up to 64K of 8-bit words in PROM for functional program code

storage.
* Lower memory provides 32K of 8-bit words in RAM for temporary storage of data being

processed, such as I/O images, ICL messages, diagnostic data, etc.
* Two independent RS-485 serial interfaces for communication with the HFC-SBC06 system

controller
* Onboard LEDs to provide a visual indication of module status
• Onboard jumpers and switches for configuration options
0 I/O interfaces
• Each I/O point includes circuitry to measure its input signal or to control its output signal.

Each analog output point includes a 16 bit digital analog converter (DAC) in its I/O circuitry
to convert digital images into analog signals. Analog input points are configured with a
single 16-bit analog/digital converter (ADC) per module to convert analog signals into
digital images.

• An onboard dc-to-dc converter that provides regulated +5-vdc.logic power
• An onboard switch that permits manual reset of the microprocessor
* Two card-edge connectors (P1 and P2) mate with corresponding backplane connectors.

Signal assignments for P1 are identical for all I/O modules, so that any module can be
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inserted in any I/O slot of an HFC-6000 chassis. The P2 connector for each I/O module uses
the same hardware, but signal assignments are unique for each module type.

0 Onboard watchdog timer triggers reset on response to microprocessor timeout condition.

Each HFC-6000 I/O module supports communication with the HFC-SBC06 controller via the ICL
as shown in Figure 4-3. Each I/O module has two transceivers that are connected to the redundant
ICL channels. Each ICL is connected to a separate HFC-SBC06 controller. The I/0 module
identifies which link ha active communication rights during initialization and monitors that link as
primary. Throughdt al operation of the HFC-6000 control system, one HFC-SBC06
controller functi p'1y and polls the I/O modules. The messages carried over the ICL
network are either nor date or diagnogtics messages.

Primary
SBC06 -4 Primary ICL Xcvr A

Controller 7

Secondary ICL
Secondary

ISBC06 94
controller H I o6000 Series

Figure 4-3. ICL Communication ecu .

Table 4-1 provides a list of the current HFC-6000 I/O Module types and a description of the I/O
channels for each module type. Some module types have a combination of input and output points.

Table 4-1. List of HFC-6000 I/O Modules.

Name' 1iY'Y~ :' /0 Cha nnel,,
Do8J 8 channel digital relay output
D1161 16 channels digital input
DC33 2 channel 120-vac digital output and 12 digital input
DC34 2 channel 125-vdc digital output and 12 digital input
AI16F 16 channels analog input
AO8F 8 channel analog output
AI8M 8 channel 100IQ RTD input
AI4K 4 channel pulse input

The overall architectural design of standard HFC-6000 I/O modules and its standard functions are
provided by document MS901-000-02, "HFC-6000 I/O Module Design Specification." The design
descriptions of the common software modules of I/O modules are described in document DS901-
000-02, "HFC-6000 I/O Module Detailed Design Specification."
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4.2.1.1 Relay Output Module

The HFC-DO8J assembly is an eight-channel relay digital output module. It receives the images of
its digital outputs from an HFC-SBC06 system controller at regular intervals, and uses this data to
set the on/off status of each output relay. This module is controlled by an onboard 80C188EB
microprocessor. The ON/OFF images for the eight channels are held in memory as a single byte of
data.

A.•
4.2.1.2 Digital ,tit Module

The HFC-DI161 asse a-channel digital input module. The- assembly operates as a
standard DI module in an 19Fi,:00-&NntroI system. The HFC-D1161 module reads the digital data
of its input channels at reg lar jlt, 9 1sand stores the image in onboard RAM. This module is
controlled by an onboard 80C 1 k8E r essor.

4.2.1.3 Digital Controller Module

The HFC-DC33 is a special purpose, multi-chan izr module designed for nuclear power
plant applications. It is used by the HFC-6000 "oi ,ro•l•' rrogation, and monitoring of field
devices. This buffer is specifically. designed to meet the uniquuiicitrol requirements of a dual-coil
Motor Operated Valve (MOV) starter. Typical applic : dual coil motor
starters while monitoring coil continuity, overloads and valve,•t /

This module is controlled by an onboard 80C188EB microproc or and provides 12 general-
purpose DI channels, two 120-vac DO channels, and onboard status sensors, including two coil
continuity inputs, one power monitor input, and a separate status monitor for the three excitation
voltage lines.

4.2.1.4 Digital Control of Breakers Module

The HFC-DC34 is a multi-channel Input/Output (I/O) buffer printed circuit module (PCB). It is
used for control, interrogation, and monitoring of field devices in an HFC-6000 control system.
Typical applications include monitoring Electrically Operated Breakers (EOB) for overloads. This
module is designed to provide the specific combination of digital I/O channels needed to control
motor starter. or switchgear field equipment.

This module is controlled by an onboard 80C188EB microprocessor and provides 12 general-
purpose DI channels, two 125-vdc DO channels, and onboard status sensors including two coil
continuity inputs, two power monitor inputs, and a separate status monitor for the three excitation
voltage lines.
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4.2.1.5 Analog Input Module

The HFC-AI16F module operates as a standard Al module in an HFC-6000 control system. This
module is controlled by an onboard 8C 188EB microprocessor and provides an interface for up to 16
analog field inputs. It samples the Al readings, performs analog to digital conversion for each channel
at regular intervals, and stores the resulting digital images in onboard RAM prior to transfers to the
controller.

4.2.1.6 Analo + nit dule

The HFC-AO8F module, se sas the standard AO module in an HFC-6000 control system. It
receives digital images fr ~ §theysfIebontroller and performs digital to analog conversion for each
channel at regular intervals. The, HF(-EC6 controller initiates communication with a configured
HFC-AO8F module during its refgljiarfr-'soe ycles while the HFC-AO8F module receives the
current digital image for all output c•h&t ;Jei> i•vthe poll message and returns current status.

4.2.1.7 RTD Input Module

The HFC-AI8M Resistance Temperature Detector fpr.iccircuit module (PCB) is an input-
conditioning device for an HFC-6000 control system>T ii c receives the voltage images of
its isolated analog inputs from external resistors and pr t for conversion into a digital
count value image for each channel at regular time intervals. (7

4.2.1.8 Pulse Input Module

The HFC-AI4K module provides four input channels for processing pulse signals from field
equipment. The four channels are organized as two pairs, and configuration parameters for each pair
can be entered by switches that are accessible at the front bezel. These configuration parameters
permit selection of rate or accumulate mode. When the rate mode is selected for a particular pair of
channels, hardware counters produce a count value that represents the frequency of the input signal.
When the accumulate mode is selected, the counter increments with each input pulse, and the
microprocessor scales the input based on the pre-scaled value. In either case the count image for
each channel is stored in local memory and reported to the ICL controller during each regular I/O
scan.

4.2.3 Communication Modules

The HFC 6000 System being qualified includes an intrinsic ICL communication network.
Communication support is integrated into the system controller and I/O modules. Several
communication modules are required for the implementation of this communication network. The
following figure depicts the configuration. The following subsections provide descriptions of this
communication network and modules.
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5.0 HFC-6000 TEST SETUP DESCRIPTION

5.1 Test System Hardware Configuration

Figure 5-1 illustrates the overall layout of the Test Specimen and indicates the boundary between-the
safety-related and non-safety-related portions of the system. Only the safety related portion of the
system was subjected to the qualification tests described in the Qualification System Master Test Plan,
TN0401.

The Test w posed of four 19-inch card chassis mounted on an open cabinet frame
to simulate cabinet 9>/7-hese card chassis were configured to encompass every feature of
the HFC-6000 architeclurclo ' b'ualified. One of these chassis was configured with redundant
controller hardware, the • <2prupply, and I/O modules linked directly to the controller.
Two of the remaining card i d• in Figure 5-1 were linked directly to the controller as
expander 110 chassis. The rern.,,o ••"••,hassis (labeled local IO in Figure 5-1) contained I/O
cards linked to the controller tic ommunication link. The overall configuration
simulated the hardware arrangement of aeru -idant -remote controller that is physically located in an
equipment room and a local I/O chassis that.phsicaI y located near the equipment under control.

The controller hardware supported one serial cormunctitini6 nk being qualified:

* A redundant Intercommunication Link (ICL) et with up to a total of
53 I/O cards (or a maximum of 848 I/O points), wh <-iim6hdoted in the same chassis as

'the controller, an expander chassis, a local I/O chassis`'N,-a,, 6/niembin' 'on of local and remote
chassis. When configured to communicate with a local Iw csis, a redundant fiber-optic
link serves as the communication medium to ensure electnrkal isolation from non-class 1E
equipment.

The controller hardware supported a second serial communication link not being qualified, but part
of the test system:

A redundant Communication Link (Test C-Link) provides the communication gateway with
external workstations. This network is an Ethernet LAN that employs the TCP/IP protocol
to enable data transfer between the controller and PC workstations. When more than one
controller is connected to the C-Link, each controller acquires link mastership for a fixed
interval in a round-robin sequence. While a particular controller is link master, it can
broadcast its accumulated data to the link. Between successive masterships, a controller can
receive both broadcast data and specifically addressed UCP messages from the link.
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REDUNDANT FIBER-OPTIC
C-LINK

Figure 5-1. Qualification System General

5.1.1 Modular Card Chassis

5.1.2 Circuit Card Hardware

The qualification system included at least one of every module type to be qualified. All hardware
designs were based on an architecture that HFC has employed over many years. The complete set
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of hardware modules currently planned for the HFC-6000 product line is listed in Table 5-1;
however, not all of the modules are included in the Qualification Report as stated in the notes to the
table. Additional card types beyond those listed maybe added following the initial qualification.

Table 5-1. HFC-6000 Product Line Family

HFC-PSRV-',

HFC-PSM

HFC-SBC06 K,

HFC-AC36E**
HFC-AC38*

.1/O Link Repeater/Terminator

ck-Mounted Power Supply

sisMounted Modular Power Supply

oller

A'C 4-Point AO Card (4- to 20-mA)
iPoint AO Card (0- to 10-v)4-P

HFC-AI16E*
HFC-AI16F

16-PoinftAj
16-Point A

t Card (0- to I0-v)
.Card (4- to 20 Ma)

HFC-A18L** Eight-Point The fInnut Card

HFC-AI8M Eight-Point RTD lij ohm
HFC-AO8E*
HFC-AO8F

Eight-Point Analog OIiEight-Point Analog Outpi l0-v)
I2Q mA)

HFC-AI4K Four-Point Pulse Input Card 10-v) '•0 mA)

HFC-DC33
Special Function Card - Dual 12_0• t,6 i - 12-Point Discrete
Input with Dual Coil Continuity Mori or
Special Function Card - Dual 125 vdc Output, 12-Point Discrete

HFC-DC34 Input with Dual Coil Continuity Monitor

HFC-DC35Q* Special Function Card - One 120 vac Output, 12-Point Discrete
Input with Single Coil Continuity Monitor

HFC-DI8A* 8-Point High-Level (120-vac) Discrete Input Card
HFC-DI8B* 8-Point High-Level (125-vdc) Discrete Input Card
HFC-DI8G* 8-Point High-Level (250-vdc) Discrete Input Card

16-Point High Level (48-vdc) Discrete Input Card with SOEHFC-DI 161Iucto Function

HFC-DO8J 8-Point Relay (dry contact) Output Card

HFC-DPM06 Dual Ported Memory
Control Switch Module Assembly (-ON designates number of
switches)

HFC-BPC01-08** 8-inch Single Loop Controller Backplane

HFC-BPCO1-19 19-inch Controller Backplane

HFC-BPE01-19 19-inch Expanded Controller Backplane

HFC-FPC06** Front Panel Controller Card

HFC-PCC06** Peripheral Communication Controller Card
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Designation Funiction

HFC-MA** Hardware M/A Station Assembly

ECS-B232** Fiber-optic Repeater PCB Board

* Cards under development (Not in qualification system)

** Cards undergo qualification process but will be dropped from consideration.

5.1.3 Redundat4 t ., angement
A redundant HFC-6•0n•A'nfr is composed of two HFC-SBC06 controllers and an HFC-

DPM06 (Dual-Ported Men¶'%)\cardfrPich are installed in adjacent card slots. The two controllers
have identical system software am' J<c e application program installed. DIP- switches on the
controllers and on the DPM carý pro?• i e•he-mechanism for setting hardware configuration options
and for selecting the software moc'f opeation. The DPM provides the hardware interface for
passing current system status from the ppnrv cntvoller to the secondary controller.

Each of the two HFC-SBC06 controller cards Wtirc•nboard processors, and each processor has
its own private memory array and system-levesls(Im x, .ach processor performs a dedicated
function and operates independently of the other tw6:"

* Master Processor. The master processor is a Penmur. This processor provides
overall system control and runs the application progra rtp.ý

* PCC Processor. The.Peripheral Communication Controller rocessor controls two ICL links
consisting of traces on the backplane. The processors are capable of communicating with up
*to 53 I/O cards mounted in this and expander racks.

* CPC Processor. The Communication Protocol Controller, processor controls two token-ring
links that constitute the interface of the controller with the Test C-Link. This Test C-Link
function is not included in the scope of the qualification report.

Following initial application of power or following hardware reset, both controllers begin operation
by running a set of diagnostic routines. The first controller to complete all internal diagnostic tests
successfully becomes primary, and.the other controller becomes secondary. Throughout subsequent
operation, the primary controller runs all I/O scans, control status broadcasts to the C-Link, process
the application program, and copy system status to the DPM array. The secondary copies system
status from DPM to its local public memory, listen to activity on the C-Link, and process the
application program, but it does not run regular I/O scans or broadcast data to the C-Link. If the
primary controller ceases normal operation, an internal watchdog detects the failure and triggers
failover to the secondary. Because the copy of system status in public memory of the secondary is
at most 1 second old at the time failover occurs, the secondary is capable of taking over primary
control with minimum disruption to the process.
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icludes identical hardware for redundant slave
;only the specific hardware interface with the

Similarly, the onboard software is composed
ot''Hwever, the software for each card type
pi6hdirf the hardware interface on that card.
wdt pvemO unique identification of each I/O

5.1.4 I/O Cards As!

The hardware design for each I/O d&•s"hbJ
ICL ports, microprocessor, and LED stat'Ndip
field equipment differs from one module to•he••h:i
of common modules for initialization and IC1"i
provides a scan algorithm that provides specific
The following naming convention has been estal
card type in the HFC-6000 product line.

Name Format HFC - (a)(b)(c)(d) N

HFC Identifies the product line series

(a) Identifies basic card types
A - Analog
D - Digital
C - Special Function

(b) Identifies primary card function
I - Input
O - Output
C - Combination of both input and output

(c) Identifies number of channels on the card
4 - Four channels total
8 - Eight channels total

16 - 16 channels total
32 - 32 channels total
33 - Two 120-vac output channels, 12 48-vdc DI channels
34 - Two 125-vdc output channels, 12 48-vdc DI channels
35 - One 120-vac output channel, 12 48-vdc DI channels
36 - Four Al channels, four AO channels (4- to 20-mA)
38 - Four Al channels, four AO channels (0- to 10-v)

(d) Identifies specific signal characteristics
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A- 120 vac
B - 125 vdc
C - 24 vdc
D -48 vdc
E - 0 to 10 v (analog)
F - 4 to 20 mA (analog)
G - 250 vdc
H - 220 vdc

SOE DI
C Relay Contact
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lear projects

way that enables data transfer
of the qualification program.

ý&C-Link for the qualification
C-iorkstations via a HIFR.

input

rn dedicated for nucN Designates assemblies

5.1.5 Test C-Link Hardware

The Test C-Link is a redundant, bi-directional fiberzv0
throughout the system. The Test C-Link was not q"lifi
However, it was used as part of the qualification test sys4ý
system consisted of two nodes that enabled communication

5.1.6 ICL Hardware

The physical arrangement of the ICL (intercommunication link) takes two forms. When a master
controller is connected to one or more expansion I/O racks in the same cabinet, the serial ICL traces
of the controller chassis are connected with corresponding traces on the expansion racks. When the
controller is connected to a local I/O cabinet, a fiber-optic transmitter/receiver pair provides the ICL
interface between the main controller and the I/O chassis. The method used to communicate with
the local I/O cards is identical to that used with the cards in the master controller and expander I/O
card files. As a result, the same PCC processor can communicate with both local and remote I/O
cards in any combination.

5.1.7 Digital Logic Control

Operator interface for digital logic control functions normally consists of one or more discrete
inputs and one or more LED outputs. The Test Specimen included three forms of HMI for digital
logic: the CSM, the flat panel display, and interactive graphics of the JCRT. However, these HMI
interfaces are not included in the scope of the qualification report.
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5.1.8 Analog Logic Control

The flat panel display, M/A stations, and JCRT graphic meterface displays provided the HMI for
analog control functions. However, these HMI interfaces are not part of the Test Specimen being
qualified and are not included in the scope of the qualification report. Data received during the scan
cycles is stored in local memory, and that data is transferred to the main' controller over the ICL
during the regular I/O scans of the HFC-SBC06.

5.1.9 Test Speco n S -mPower Distribution

The HFC-6000 produc& §Idcs both a separate power supply rack and modular power supplies
that can be installed in inaP -d oichassis. Test Specimen had a power supply rack to provide
operating power to the four ra ' psent the main portion of the controller hardware. The
power supply rack produces re undan jind +48-vdc outputs. The +24-vdc power lines were
diode auctioneered on each card in %h('i9,produce onboard logic power. The +48-vdc power
was used to supply excitation voltage fodrsxernDiav contacts and for field transducers. The +24-
vdc power was referenced to a common inst{;i$mii nd, a DIP switch option permits selection of
either isolated or common configurations for chxC itationpower on an individual 10 card basis.
When isolated excitation voltage is used, the styst6ih1dhinclude provisions to detect ground
fault conditions.

5.2 Test Equipment (Not Being Qualified)

The qualification system included a non-class lE workstationi. automated tester, C-Link
communication and an isolator hub that are all not part of the Test Specimen. That workstation had
the HFC suite of software for the EWS and JCRT PC workstations installed. The EWS and JCRT
PC workstations constitute a standard software installation for most HFC control systems and
provide comprehensive utilities and tools for status monitoring, system control, testing, and
maintenance of the overall control system installation. An HFC Plant Automated Tester (HPAT)
automated tester workstation was also be included as part of the overall test configuration for the
Test Specimen. This assembly is a special unit designed to support automated testing of HFC
control systems. Both the PC workstation and the HPAT unit were connected to the C-Link through
the isolator hub.

5.2.1 EWS Workstation

The EWS workstation is a suite of software utilities that support the development and maintenance
of application software, system maintenance, diagnostics, and fault isolation for HFC control
systems. This workstation is a standard part of HFC control system installations, but it normally
operates offline from the overall system. This workstation provides the utilities needed to perform
the following functions:

* Build the database for the qualification system.
* Build the TSAP.
* Perform code-level test and verification of the TSAP.
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o Install and configure the TSAP in the qualification system controller.
o Perform system-tuning functions for the TSAP.
o Build the application program for the HPAT remote controller.
" Monitor and record system performance during the qualification tests.

5.2.2 JCRT Workstation

The JCRT workstationis the normal operator interface for HFC control systems. It is equipped
with a suite of software'6hlities that provide interactive graphics, alarm displays, overall system
status displays, h gring, and data archiving functions. The interactive graphics displays
provide software c•!.sf ering command inputs for both digital and analog control loops
with or without the touc rV function. Such command inputs can operate i parallel with
physical control modules, oth' n je used to replace existing mechanical controls. The operator
can choose to have multiple djplayso 'ting simultaneously or to vector from one display to
another based on status messagei -ap on screen. In addition, the historical archiving,
software provides the capability of gne'rating-,aegular log of system point values. The resulting
tdatabase proCides an archive that can bus' gene ratmg the plant operation reports required by
the NRC In the Test Specimen, the JCRTprov-if&. i'iuperset of the functions provided by the flat
panel display, but it could not be used to modif-sl>Mt,,m g parameters.

5.2.3 System Tester/Simulator

The system tester/simulator consisted of a PC workstation, n6 tduOant ECS-1200 controller,
and an ECS-1200 I/O rack with the ECS-series card types n •. i/ ,elercise the I/0 channels
installed in the Test Specimen. The PC workstation had autom at -Lest software installed along
with the complete suite of EWS and JCRT software utilities. The ECS controller had an application
program installed to provide specific simulations for the field hardware controlled by the TSAP.
This arrangement supported all phases of dynamic testing, including functional verification of
system operation and simulation of failure conditions.

5.3 Test Specimen (Equipment Being Qualified)

The Master Configuration List is a software test log that contains a listing of specific modules,
component serial numbers, and cables that were included in Test Specimen. The component serial
numbers are included in this listing to ensure traceability of all modules included in the Test
Specimen. In the event of a module failure during testing, the MCL is updated to identify the
replacement module. A record of the module that failed and the nature of the failure are included in
the report for the test affected, and a summary of all failures included as part of the final test report.

The detailed configuration and arrangement of the Test Specimen is provided by engineering
drawings, which are listed in the MCL. The MCL also provides a comprehensive listing of the
software installed on each circuit card, including I/O module processing software, PCC processor
software, CPC processor software, main processor software, and the TSAP. The workstations and
test equipment required to conduct the tests are not part of the Test Specimen, but the software
installed on the PCs is identified in the MCL. In addition, the HPAT application program, which
will run the automated tests for the Test Specimen, is controlled and listed in the MCL.
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6.0 BASELINE TESTING

Baseline testing/pre qualification Operability and Prudency testing was performed on the HFC-6000
Test Specimen to obtain measured test results to be used to define and/or calculate the applicable
accuracy and time response baselines against which qualification test results will be compared.

In addition to the Baseline testing performed to establish the HFC-6000 performance baseline, a set
of "one-time" tests waylso performed in the development of the test configuration control system.
These tests are generYf ,-dAscribed as the following: 1) Application Objects Test 2) Bum-in Test
and 3) System Se ,lackout tests (References 3.3, 3.4 and 3.5).

Figure 6-1 shows the b&icestintyŽ equence that was generally followed for baseline/pre
qualification and qualificdl, i~stirrn4
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Figure 6-1. Overall Test Sequence.
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6.1 APPLICATION OBJECT TEST (ATP0402, Rev. A)

6.1.1 Purpose and Scope of Application Software Object Test

The Application Object Test provides comprehensive testing of software objects that'have a direct
impact on the application code or that can be accessed by application code while it is running on the
HFC-SBC06 controller. Such objects are designated as application software objects (ASO). The
scope of testing include d both functional operation and exception conditions for the following
ASOs:

• Processing d'i-ith-,ms,(led CQ4 blocks) used for analog control functions.

* Mathematical opetwo 'd directly by the application code without calling a CQ4
block.

o Boolean operations executed dire1  the application code.

Peer-to-peer communication used in HFCUniv, sitX,,rnmunication Protocol (UCP) is part of the
system software. Thus, it was not tested in<A's~tV The major software tool - Equation
Compiler, is tested separately. During compilati\o•ieot p!iication object, the compiler generates

any errors occur. Any compiling before the object code toerror reports ifayerr cur n opln err•,t••,un•t

be executed in the controller is generated. Only tb, Z obiect/code successfully compiled is
downloaded via the UCP into the controller to be execuihe download of the object
code, the memory for the object code is write/read protected 1 ti'theu oA oad action is finished.
Therefore, the software for the compiler tool, peer-to-peer commuc•ationor UCP communication,
and the execution of the object code are fully isolated. The successful testing of the ASO verifies
the peer-to-peer communication and the compiler communication were successfully achieved
during the test setup.

The following software objects or functions were excluded from the scope of testing because they
are both external to the application code and inaccessible to it:

* Initialization and internal status monitoring functions of the controller.
* Runtime diagnostics and component fault detection.
* The regular scan of I/O points, including M/A stations and CSMs.
o Dynamic Database (DDB) broadcast of data over the C-link.

The Application Software Objects Test Plan, ATP0402 (Reference Section 3.1), was developed
following references in the EPRI TR-107330 specification (Reference Section 3.1).

6.1.2 Results

Page 25 of 97 Non-Proprietary
Page 25 of 97 Non-Proprietary



HFC 6000 Baseline Testing Summary Report TS901-000-22
Rev B

6.1.3 Anomalies

.6.2 BURN-IN TEST (TP0410, Rev. B)

The circuit card assemblies for HFC-6000 control system (Test Specimen) were run in a normal
operating ewronrne~j I or- minimum period of 352 hours prior to system integration. The purpose
of this test was t6'itecrfL arly-life failures of component circuit cards. The scope of the test
included two and e eotal number of cards required for the complete Test Specimen.
Circuit card assemblies:-n c1e&d in the initial configuration of the Test Specimen were reserved
as spares to be used as repi nen6 •OZr any card that failed during the subsequent qualification
tests.

6.2.1 Results

6.2.2 Anomalies

No anomalies were reported for the modules that passed the bun t

6.3 SYSTEM SETUP AND CHECKOUT TESTS (TP0401, Rev. A)

.The System Setup and Checkout Tests were performed to verify that the project specified hardware,
wiring and communication cabling had been installed and that communication had been established
over each communication link, prior to the TSAP Validation Test.

Included in the scope of this testing were the following activities:

* Verify that all project specified equipment / hardware had been received, functionally tested,
and set-up per project documents

* Verify correct software was installed in Test Specimen, HPAT, HPAT PC Workstation
* Verify correct installation for all interconnection wiring.
* Verify that C-Link communication had been established
* Verify that all HFC-6000 PCBs (Printed Circuit Boards) I/Os were functional and

communicating with SBC-06 controller
0 Verify functional operation of TSAP and automated tests

0 This test procedure constitutes part of the prequalification testing for the HFC-6000 control
system. These tests were developed to document the baseline performance of the control
system Test Specimen prior to the start of the qualification testing.
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6.3.1

6.3.2

6.3.3

Results

Anomalies

All assemblies met for the set-up and check-out test upon completion of the
procedure.

6.4 OPERABILITY TEST

A specially configured HFC-6000 Test Sp(
commercially available control system for
following set of Operability tests was perf(
Sections 6.1, 6.2, and 6.3.

for generic qualification as a
ions in nuclear power plants. The
letion of the tests described in

The purpose of these tests was to establish the performanrz-,
performance baseline was then used as the basis for evaluatiinj
following each of the qualification tests required by the EPRI

system. This
0rmance during and/or

Accuracy Test - This test developed a baseline to compare against the accuracy and
linearity of the analog I/O modules observed during the qualification tests.

" Response Time Test - This test measured the response time for discrete and analog inputs.

* Discrete Input Operability Test - This test verified the capability of discrete input channels
to detect a transition in the input signal being monitored.

* Discrete Output Operability Test - This test verified the capability of discrete output
channels to operate reliably within its specified loading conditions.

" Communication Operability Test - This test verified reliable data transfer over the ICL,
C-Link, and serial interfaces with external devices - Control Switch Module (CSM) and
M/A stations. Although the C-Link, CSM, and M/A stations are not part of the Qualification
Report, they were present during the testing.

* Timer Test - This test developed the baseline for the timer function accessible to the TSAP.

* Failover Operability Test - This test demonstrated correct operation of the failover
function.
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* Loss of Power Test - This test demonstrated correct response of all I/O channels to loss of
source power followed by reapplication of power to the system.

" Power Interruption Test - This test demonstrated the capability of the power modules to
sustain system operation during a temporary (40-ms transient) power interruption.

o Power Qualityolerance Test - This test was developed to demonstrate the capability of
the Test Spe3 imienlo continue normal operation over a range of source power voltages and
frequenciesycPWer Quality Tolerance test was not a regular part of the Operability
tests; it was'`eque ufurg the high temperature phase of the environmental test and after
the completionof~thi,,sc-3fýib test only.

6.4.1 Results

6.4.2 Anomalies

Test Specimen performed as expected except for the

* Manual 4-20 ma AT Channel Accuracy (See Appendix Section A.2)

* Type 100 Ohm RTD Card Accuracy (See Appendix Section A.4)
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* Automated Analog Accuracy Section A.6)

o Digital Response Time Measurement (See Appendix Section A.7)

TSAP Analog Response Time Test (See Appendix Section A.8)
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*Discrete (See Appendix Section A.10)

* Communication Operability Test (See Appendix Section A.11)

" Timer Test (See Appendix Section A.12)
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0 Failover Operability Test (See Appendix Section A. 13)

0 Power (See Appendix A. 15)

6.4.3 Summary

The Pre Qualification Operability Tests, as supplemented by th&Post-Qualification Operability
tests, provided baseline data for comparison to the results of many of the same tests performed
during and after the qualification tests.

6.5 PRUDENCY TEST (TP0403, Rev. C)

An HFC-6000 Test Specimen was configured for generic qualification as a commercially available
control system for safety-related applications in nuclear power plants. The Prudency testing
consisted of the following set of tests.

The entire Prudency test was conducted during the pre qualification phase of testing to establish a
performance base line. During subsequent qualification tests, the Burst of Events (BOE) and the
other tests were repeated at various points to identify any performance degradation from the
performance baseline.

Burst of Events Test - This test consisted of the simultaneous activation of a significant
proportion of input and output channels in accordance with EPRI TR-107330 paragraph
5.4.A. This test was automated and was typically run as a continuous background operation
for selected qualification tests.
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o Serial Port Failure Test - The Test Specimen has two redundant serial communication
links. For each redundant link, this test imposed three simulated failures on one cable at a
time: link open, transmit line shorted to ground, and transmit line shorted to receive line.

" Serial Port Noise Test - This test introduced a white noise signal on each of the serial links
one port at a time.

o Fault Simulation Test - This test covered introduction of a simulated failure condition to
trigger failQvirm the primary to the secondary controller. The intent of this test was
covered b /e i) Operability Test (TP0402), and has not been duplicated in this test.

Throughout the"Pi
input power at 90

,the ac power source for the Test Specimen was set to supply

6.5.1

6.5.2

Results

Anomalies

Overall performance of the Test Specimen met following anomalies:

0 Digital Input/Output BOE Test (See Appendix Section B.2)

o Analog BOE Test (See Appendix Section B.3)

* Serial Port Failure Tests - ICL Failure (See Appendix Section B.4)
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o Serial Port Noise Test (See Appendix Section B.4)

6.5.3 Summary

The Pre Qualification Prudency Tests, as, !t
provided baseline data for comparison to the
after the qualification tests.

the Post-Qualification Prudency tests,
,of the same tests performed during and

7.0 ACCEPTANCE CRITERIA

The initial acceptance criteria are defined in the specific Opeir4 ',l J -dency Test Procedures
,(References 3.6 and 3.7). The acceptance criteria as stated in, the'teotýopcedures were developed
based on EPRI TR-107330, and the HFC design specifications'and they did not specifically
consider the HFC-6000 equipment configuration or HPAT Test System, and their interactions and
limitations. This is consistent with section 5.0 of the Operability Test Procedure (Reference 3.6)
which states "A preliminary set of results obtained during the prequalification phase of testing will
establish baseline performance characteristics for the Test Specimen. and TSAP. Subsequent
performance of the operability tests during the qualification tests will disclose any deterioration
from the baseline performance caused by the environmental stress conditions."

The test results achieved during "baseline testing" are generally the standard against which the other
tests (environmental, seismic, etc.) will be evaluated. Those tests will focus only on any "changes"
in system performance attributable to the test environment.

Where equipment performance did not meet the acceptance criteria initially defined in the specific
Operability and Prudency Test Procedures, evaluations, were performed to determine the reason
(e.g. procedural, test setup, improper specification, equipment limitations, etc.) and the findings and
analysis are included in the detailed baseline test sections of this report (Appendices A & B).
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8.0 SUMMARY

A specific HFC-6000 control system (Test Specimen) was configured for generic qualification as a.
commercially available control system for safety-related applications in nuclear power plants. A
prescribed set of Operability and Prudency tests was performed following completion of application
object testing, bum-in, system integration, and TSAP validation.

The results of thos ts- as supplemented by certain post-qualification tests, established the
baseline for the ty4ym lThis performance baseline was then used for evaluating the system
performance durin(yng each of the qualification tests.
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A.1 General

The purpose of this attachment is to document the results of the Accuracy-Tests in Section 4.1 of the
Operability Test Procedure TP0402, Rev. B. The acceptance criteria against which the Operability
Tests results are evaluated are provided in Section 5.0 of the test procedure.

A.2 Manual 4-20Oj...AT Channel Accuracy (Section 4.1.1)

The purpose of thiste6L td,&T ovide a manually conducted baseline accuracy determination for
the Analog Input (AI)'helucier test in the Test Specimen. The test configuration is shown in
Figure A.2-1. This baselinie, 2iw1•i compared against data from the same test performed at the
completion of the qualification-.pgi- etermine the degree to which system performance was
impacted by being stressed up to and-$cenjbend its normal end of life state.

A static step analog algorithm (Figure A. 'gpiterated by HPAT logic and fed into an Analog
Output (AO) channel in the HPAT, which• •tvi4 a 4-20 mA Al channel under test in TSAP
as shown in Figure A.2-1. Table A.2-1 sho-tbei•,enaisis of the test data and the calculated
accuracy. Column 2 (labeled "Input to AI. Ca /res .the AO signal as measured with a
multimeter; this signal is fed directly into the AlI c u test.. Column 3 (labeled "Output
from Al Card") is the digital data taken at the output of4b bard converted to a 4-20 mA scale.
Column 4 shows the resultant accuracy of the Al channel 16ulated as l00%*(Column 3
- Column 2)/20. It should be noted that the Al card contaisa-vm'ing average algorithm which
acts as a filter on the output of this card..

Digital HPAT Analog TSAP Digital Output
HPAT Logic static 0 AO static step Al3)

step Channel (Col. 2) Channel

Figure A.2-1. Al Channel Test Configuration.
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Figure A.2-2." I' or 4- to 20 mA Analog Channel Accuracy Test.

Table A2, i4jhanel Accuracy Data.

Static Step Al Channel
7" -Accuracy

(4-20 • A Input to >°AlOutput from Al
~equivalent Cardy i Card difrne

10% /

30%

50%

70%

90%
I. I.
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Table A.2-2. Al Channel Re-Calibration Data AI16F Board, Serial # 31030007, Channel 1.

10%
30%

$>50%______ ______ ____ ___

A.3 4-20 mA AO Chainiel
A 42 A an l curacy (Section 4.1.2)

The purpose of this test was 4,ý6 ~1irde a manually conducted accuracy determination for the
Analog Output (AO) channel undetties- i est Specimen. The test configuration is shown in
Figure A.3-1. This baseline data adagainst data from the same test performed at the
completion of the qualification pro 1, q)(Iirbnstrate that system performance was not
unacceptably impacted by being stressed t e yond its normal end of life state.

A static step analog algorithm (Figure A.2-2) w • •gyeral'by TSAP logic and fed into an AO
channel under test. Table A.3-1 shows the analysis ofe .ata-Ad calculation of accuracy for a .4-
20 mA AO channel. Column 2 (labeled "Input to AO Ckartd re sents the expected value for the
AO channel under test. Column 3 (labeled "Output from AQ Cafdi&,presents the analog 4 - 20
mA signal as measured with a multi-meter. Column 4 shoWs'i re'siAi at accuracy of the AO
channel under test calculated as the absolute value of 100%*(Column 4 "Column 2)/20.

The accuracy measurement taken as described shows that the AO card accuracy was well within the
0.1% acceptance criterion for the module.,

TSAP Logic

Digital
static
step

(Col. 2)

TSAP Analog
AO -static step---o

Channel (Col. 3)

Figure A.3-1. AO Channel Test Configuration.

Table A.3-1. AO Channel Accuracy Data.

Stati St Input to AO Outputfrom, AO Card
(42 mA jCard (mA) .,AO Card Accuracy (% of

equivalent). . (mA) . :difference)

10%
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A.4 Type 100 Ohm RTD Card Accuracy

The purpose of this test was to provide a manually condiic 2•Lyid y determination for the RTD
Input channels under test in the Test Specimen. See Figure-• \fo' >schematic diagram of the
test cohfiguration. The RTD card under test is calibrated frorX ,, to • C. A Beta Calibrator
("RTD Input Device") which is accurate to within +0.25 'C is use <vgenerate temperature input to
three of the eight .RTD input channels (channels 1, 2, & 8). The actual readings from the card are
compared with the inputs to calculate accuracy for each RTD channel. This baseline data will be
compared against data from the same test.performed at the completion of the qualification program
to demonstrate that system performance was not unacceptably impacted by the environmental stress
conditions.
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RTD TSAP
Input -RTD Input RTD Digital count -- TSAP Logic

Device Channel

Figure A.4-4. RTD Channel Test Configuration.

2ATable A.4-1. RTD Channel Accuracy Data.

A.5 Manual Pulse Input Card (Section 4.1.5)

The purpose of this test was to provide a manually conducted accuracy determination for the Pulse
Input Card under test in.' the Test Specimen. This baseline data will be compared against data from
the same test performed at the completion of the qualification program to demonstrate that system
performance was not unacceptably impacted by being stressed up to and even beyond its normal
end of life state.
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Table A.5-1. Pulse Input Channel A e Accuracy Data.

5,000 4,981
10,000 10,005
15,000 14,980
19,500 19,450

ti i

}
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7'

Table A.5-2. I Channel Rate Mode Accuracy Data.

50 49.73
+ +

600 594.1
5,000 4,981 T •
10,000 10,005 __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _

15,000 14,980 "__ _ __ _ _ ___ _ _ _ _ _ _ _

19,500 19,460 .. _ ___ _ _ _

A.6 Automated Analog Accuracy Test (Section 4.1.6)

The automated test sequence was executed after the manual test sequences during prequalification
testing, and then it was repeated before, during, and after selected qualification tests. The purpose
of the prequalification test was to provide a baseline to compare against the tests performed at the
other times listed above. This baseline data will be compared against data from the same test
performed at the completion of the qualification program to demonstrate that system performance
was not unacceptably impacted by the environmental stress conditions.

The TSAP configuration, established for the automated Al channel test as prescribed in Section
4.1.6.1, is shown below in Figure A.6-1. The Automated Test Sequence was then run as prescribed
in Section 4.1.6.2 and the Historical Archiving System (HAS) logger was activated for the test.
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HPAT -

Start test ".BL,2 3
Stop test SSL

TSAP

I
2,BL,232

ANO

2,AO,81

1 ,AI,881

1 ,BL,507AN

t 1 ,AO,921
|

Note: The shaded blocks wi S logger

Figure A.6-1. Accuracy Test Configuration.

The results of the test are shown in Figurlts os2/nd
function that was applied to the HPAT anlo'og od,
digital signal was converted to a 4 - 20 ma 'rialjg
under test. The card converted the analog input sitnaI
logging at 1,BL,506. This digital signal was convedt
the HPAT analog input card at 2,AI,69. This analog i:
at 2,BL,215 where it was logged by the HAS.

A.6-3. Figure A.6-2 shows the digital step
•,ard at 2.BL.283 where it was logged. This
pnaland supplied to the analog input card
t dog'iital signal where it was available for
I 2 a output signal and supplied to
ilutWasxoverted to a digital output signal

The purpose of this test was to develop a baseline for the accur6 of the analog input card as
measured at 1,BL,506. This baseline data will be compared against data from the same test
performed throughout the qualification program to demonstrate the system performance was not
unacceptably impacted by the various qualification tests. Although the acceptance criteria were
specified to be 0.1%, this accuracy is not critical to the objectives of the test, and is considered to be
acceptable. The critical item is the repeatability of the data.
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tomated Accuracy Test

0 20 40 60 80 100
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Figure A.6-2. Al Card Automated Accuracy Test Wave Forms.

Page 44 of 97 Non-Proprietary
Page 44 of 97 Non-Proprietary



HFC 6000 Baseline Testing Summary Report TS901-000-22
- Rev B

Al Card Accuracy Test
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Al Card Automated Accuracy Test

50.00

48.00

46.00

44.00

42.00

R40.007

E
38.00

36.00

34.007~
/ e7 •

32.00 / .

30.00.
40 45 . 55 60

I - Value 2.BL,283 0 -Value 2,8L.215 --- *- Value 1,BL,506 1

Figure A.6-4. Al Card Automated AccurjK%.s#Pt-Qualification Data with 1
Second Time Sampling.

The configuration for the automated AO channel test as prescrib. 'in Section 4.1.6.1 is shown
below in Figure A.6-5. The Automated Test Sequence was then run as prescribed in Section 4.1.6.2
and the HAS logger was activated for the test.

TSAP

Figure A.6-5. AO Card Automated Accuracy Test Configuration.
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The results of the test are shown in Figure A.6-6. A digital step function generated in the TSAP
was applied to the AO Test Specimen at 1,BL,554 where it was logged. This digital signal was
converted to a 4 - 20 ma analog signal and supplied to an analog input card in the HPAT. The card
converted the analog input signal to a digital signal at 2,BL,211 where it was logged by the HAS.

AO Card Automated Accuracy Teat

100._ _ _ _ _ _ _ __"_ _ _

Note: Accuracies of 2,BL,211 vs. 0.05%
90 Square Wave Input Shown in

80 % on this FigureI-On

E-

60 ,?________

0.08%
50

40 ,__ _ _ _ _.:_-

0.07% • , ,___________
30 ...

20

10 0. 19% % 0.22%

01
0 20 40 60 80 100 120

Elapsed Time (Seconds)

I- Value 1,,BL,554 -4--Value 2,BL,211

Figure A.6-6. AO Card Automated Accuracy Test Wave Forms.

The RTD and Pulse Card channels were configured for automatic logging by the HAS logger in
Section 4.1.6.1. A summary of these setups and the initial logged values is provided below. The
purpose of these tests was to develop baselines for the accuracy of each card. This baseline data
will be compared against data from the same tests performed throughout the qualification program
to demonstrate that system performance was not unacceptably impacted by the various qualification
tests. The critical item is the demonstrated repeatability of the data.

RTD Channels -
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A.7 Digital Response Time Measurement (Section 4.2.1)

The purpose of this test was to use the average equation cycle time and measured values for digital
response to measure both the stability of the processing cycles and the. response time of the digital
processing logic. The resulting response time measurement will include the time required for the
following processing steps:
* Input filtering and signal conditioning
" Input processing by the I/O card processor
* Transfer over the internal system ICL to the controller
o Two processing cycles of the equation interpreter algorithm having a minimum of 2000 simple

logic elements
• Transfer over the internal system ICL to the DO card
• Output processing of the DO processor
* Operation of the output relay.

The HPAT application provides a free-running square wave that is not synchronized with the
operation of the TSAP. The output from this logic controls the input to 1,DI,628, and this input
drives a simulated trip memory at point 2,DI,232. The simulated trip memory location will be set

Page 48 of 97 Non-Proprietary



HFC 6000 Baseline Testing Summary Report TS901-000-22
Rev B

on the FALSE-to-TRUE transition of 1,DI,628, and it will be reset when 1,DI,628 returns to a
FALSE state. This test measures the time response of the setting and resetting of this trip memory.

In addition, the TSAP provides a round-robin discrete input/output/input/output program pattern
composed of seven DI channels and seven DO channels as shown in Figure A.7-1. The first DI
channel controls the first DO channel, and that signal is physically connected to the next DI channel
in sequence. The last DO signal is then fed back to the first DI channel, and a NAND gate in the
link from the first DI to the first DO permits the test engineer to start or stop the test from the JCRT
workstation. WhenAheje• is disabled, the memory image of all seven DI and DO points in the
chain will have aab -•UE state, and the trip memory will remain static. When the test is first
enabled, the first Dajoinjtwxbecome FALSE, and this state will propagate through the chain with
each successive proce sing<$•cle'$Once this state is fed back to the first DI point, each point will
exhibit a square wave pýrntt a i-RUE for seven processing cycles and FALSE for seven
processing cycles. This circuit W4Q 0ided-to provide a means of generating a large amount of data
for statistical analysis in ordert oa - dependent verification of the response time and the
response time variation.

TSAP
D1,1 C DO , I

D1,2 Do,2

DI,3 G - DO,3

D1,4 G -DO,4
DI,5 DO,5

D1,6 DO,6-

D1,7 - o DO,7 - TO DI,

FROM HPAT 1D,8 S DO,B

1.D1,628 L - 1,DO,668

Figure A.7-1. TSAP Algorithm for Digital Response Test.

Finally, a TSAP equation cycle counter at HAS log point l,CO,50 was monitored in the general
time period of this test as required by the test procedure. This counter increments one count each
time a TSAP equation cycle is completed. The HAS logs snapshots of the time stamp and total
accumulated count every one or two seconds. Contiguous snapshots were gathered over
approximately 7 minutes. The average equation cycle time was determined as 89 milliseconds by
dividing the number of elapsed seconds by the total equation cycle count in that time period.

Manual Test Execution:
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Table A.7-1. Manual Measurement of Digital Response Time from Post-qualification Test.

SFree-Running Response Trime: I
Square Wave ADO,668-1D,68

Period (s) ,DI,

7k

8
9
10

Average
STD ,/ ,

Automated Test Execution:

SOE logger is used to record the digital transition time for the automated response test. For the
direct response measurement, the input-signal 1,DI,628 was configured as 4,DI,8, whereas the
output signal 1,DO,668 was configured as 4,DI,9. For the cascaded digital response measurement,
signals of DO,1 to DO,7 shown in Figure A.7-1 were configured to be logged as from 4,DI,1 to
4,DI,7 respectively.
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Table A.7-2. Automated Digital Response Time Measurements from Pre Qualification Test.

7>

Digital Reponse Time Distribution, Pre-qualification

40
25 0

Time Bin (Seconds)

Figure A.7-2. Distribution of Digital Response Time During Pre Qualification Test.
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A.8 TSAP Analog Response Time Test (Section 4.2.2)

General:

The manual analog response time test was first conducted on Feb. 17, 2004 between 5:56 and 6:03
PM as part of the TSAP Validation Test (TP0408, paragraph 2.4.2.2.2). The automated analog
accuracy test first was run on Feb. 18 2004 between 12:36 to 12:41 AM. Because the manual
analog response time test sequence of the Operability test would produce the same results as. those
obtained just a few oLs'b efore, the test engineers decided not to repeat that test sequence. The
purpose of the mtiaI t as_ýs to provide a direct measurement of signal characteristics by means
of oscilloscope screen;ca t6- ýpfpnd those screen captures would provide the basis for evaluating
both the results of the i-nitidLt~t014ited test and each subsequent execution of the automated test.

TSAP Analog Response Time Test >

The test data generated during the -a sequence consisted of direct oscilloscope screen
captures of the analog trigger signal (idte simulated trip output signal (1,DO,401).
The analog trigger signal was originally d ede6-b 'a 0.5-Hz free running square wave (1 second
at 45% of span and 1 second at 55% of span) Ae ythe HPAT. While the test is running,
this* trigger signal is routed to the TSAP AI p -oi', dhat\input triggers a trip signal when it
reaches 50% of span. Figure A.8-1 illustrates the loýgijahpidim` used to produce the output signal.
The trip signal controls a DO channel, and the measur.e'spojtime consists of the time delay
from the step transition of the Al signal to the low-to-high fruansitl n'DO signal.

TSAP

FROM HPAT 1,AI,883 0 A100-TRSONETM4-20 MA , - 75IM

AIC 75 RSOS
- 1,BL,567 I

100 25 ALARM SETPOINT

50 OHA S 1,00,401 ±TRIP OUTPUT

0.01 L - RR 0' .

ELAPSED TIME

Figure A.8-1. Analog Response Time Test Algorithm.

The original design concept proved not to be effective due to the slow response of the HFC-AI16F
assembly. The firmware for this board includes a 100-sample moving average as part of its
processing algorithm for each input channel. As a result, the algorithm introduces a significant
delay in the transition all of its input signals, and the AT image failed to reach the trip point before
the end of 1 second. Consequently, the original algorithm was modified to increase the time period
for each level to 10 seconds (10 seconds high, 10 seconds low). The resulting waveform consisted
of a free-running square wave with a total design period of 20 seconds. The test algorithm was
implemented only in the main controller of the Test Specimen.

Analog Response Time Test:
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Table A.8-1 lists the various I/O and log points involved in the analog response time test. In
addition to these points, the digital response time test points and the Equation Cycle Counter
provide the basis for establishing the processing cycle time of the main controller of the Test
Specimen. (Refer to the test report for digital response time and logged data for !,CO.50.
Corresponding elements were not configured for the single loop controller.)

Table A.8-1. Data Points for the Analog Response Time Test.

inter proý ect count ot processing1,CO,50

1 ,AI,883

HAS - 1,CO,50

Analog 9ger -1
S pecime"nt it

Simulated TriKO I
for measuring the

:ontrols the trigger input to the Test
HAS - 1,BL,567

1,D0,401 es the output signal to be used
)-rhse time.

SOE - 4,D1,10
HAS - 1 ,MS,286
HAS - 2,D1,161

Manual Test Execution: \ - .

The analog response time for the main controfler aa ,rr. iasured manually by connecting channel 1
of a dual trace oscilloscope to 1,AI,883 and Oha4nn$ý4l,,401. The analog response time was
then established by taking screen captures of the leadiiniahmd tilmg edges of the two signals. A
total of six leading edge screen captures and four trailing<ec& ireerca•ptures were taken. (Figures
A.8-2 and A.8-3 provide a sample of the leading and tra-l:mJ• e,&waveforms; Figure A.8-4
provides an explanation of the parameters displayed on the 6crc•iee. T'1e A.8-2 lists the time
delays obtained directly from- the data on the screen captures ande average of response for the
two transitions. The total period of the trigger signal and the resulting trip output signal were not
measured at this time, but the trigger signal and the trip output signal were measured in the
automated response time tests.

Table A.8-2. Manual Measurement of Analog Response Time from Pre Qualification Test.

________ I ________ I ________ I ________
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Figure A.8-3. Analog Response Trailing Edge.
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Table A.8-3. Equation Interpreter Processing Cycles.

Total No. of cycles logged: 131
Maximum No. Minimum cycle time
Minimum No. Maximum cycle time
Average No. 4 Average cycle time
Deviation fromrnthenijan Deviation from the mean

• "•' :::•h:' ,ly> ••i•

47>,,•. ;/ .,ri!)

\' &

Automated Test Execution:
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Table A.8-4.

Average pg
Average s(

AVERAGE
FROM THE

Conclusions:

Response Time Test Results from Pre Qualification Test.

A.9 Discrete Input Operability Test (Section 4.3)

The purpose of this attachment is to document the results of the Discrete Input Operability Test in
Section 4.3 of the Operability Test Procedure TP0402, Rev. B. The acceptance criteria for all of the
Operability Test are provided in Section 5.0.
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This test was conducted during the pre qualification phase of testing to establish a performance
baseline. The baseline data will be compared against the data from the same test preformed at the
completion of the qualification program.

The Iiscret6 Input Operability test demonstrates the capability of each type of discrete input
channel to detect a transition in the signal being monitored. In order to accomplish this, DI
channels under test are subjected to an input signal whose voltage level is controlled by a manual
rheostat. During the the set voltage level and the reset voltage level for each DI channel type
were measured.

One channel of each
operating in the Test SI

qualify is tested for the following tests while the card is

wt•itvoltage level that the DI image is switched from off to* Set Voltage Threshold -
on.

* Maximum Input Voltage - is th• fum
remain stable.

o Dropout Voltage' (reset voltage level) N Kis fi-t
from on to off and remained reset.

o The voltage to the DI channel was droppedf
channel remains reset.

* Each DI channel being tested was turned on to

level the DI channel was proven to

e level that the DI image is switched.

,i•e§etvoltage level to 0 to prove the

Table A.9-1. Discrete Input Operability Test Results From In-house Test for Seismic Retest.

Set Voltage
Threshold (V)

4 4 + - + 4 4 +
Maximum Input

Voltage (V)

Dropout
Voltage (V)
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A.10 Discrete I est (Section 4.4)

The purpose of this attachmentu,
Section 4.4 of.the Operability TeE
Operability Tests are provided in

ilts of the Discrete Output Operability Test in
Rev. B. The acceptance criteria for all of the

The Discrete Output Operability test demonstraicd:hýpability of each type of discrete output
channel to operate within its specified range of liIons. In order to accomplish this, the
channel under test was energized while connected.t . utatd field load that imposes maximum
loading on the channel. The test demonstrated the capabilt4pfriavidual channels to sustain such
maximum loading conditions without failure and withou•t, &tijh eration of adjacent channels.
The test was conducted during the pre qualification phase 4'Yes .,establish a performance
baseline and after completion of the environmental stress tests o•teecct. deterioration from that
level of that performance. It was not repeated before, during and after any of the other
qualification tests.

Relay DO Channel Operability Test,(Section 4.4.1)
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Table A.10-1. Relay DO Output Characteristics.

Card Type Under Test

Output Channel Rating

Contact Resistance (Average of 4 channels)

Test Load Applied

Each Channel Switches Under Load

120 VA C DO Channel Operabili Sct4" 4ý2)

This test was executed on 1,DO,441iait(d KF'42 (rack 2 slot 11) of an HFC-DC33 card.
1,DO,441 and 1,DO,442 were connected to, the týhdeset coils respectively of relay CR2 of the
HPAT. These channels were controlled by thef tilau 1A'lve control logic T009, and the Burst of
Events algorithm was used to control the two relay, ui -chtnnels. (Refer to TP0403. Relay CR2
is driven automatically by the BOE test.)

A variable power source was connected to a terminal block y16e two relays on the DC33.
The variable power source was set to 90.0 ± 0.5 VAC at 47 Hz, 0 0.5 VAC at 63 Hz to
verify that the DO channels operated correctly over this range of voltages and frequencies. Screen
captures from an oscilloscope were used to record these values. The simplified test setup provided
in Figure A.10-1 was the setup for testing the DC33 DO channels.

Figure A.10-1. DC 33 Setup for Discrete Output Testing.

Page 60 of 97 Non-Proprietary
Page 60 of 97 Non-Proprietary



HFC 6000 Baseline Testing Summary Report TS901-000-22
. Rev B

Table A.10-2. eters.

Coil Resistance I <
Supply voltage set to 90.0 ± 0.5 vac at 47 Hz

Peak off-on response voltage

Peak in-rush current
Steady-State output (rms)________________ ___ ____________

On state voltage drop_______________ _____ __________

Peak reverse EMF
Off state leakage_______________ _______ ________

Supply voltage set to 130.0 ±0.5 vac at 47 Hz
Peak off-on response voltage
Peak in-rush current
Steady-State output (rms) _______________

On state voltage drop_______________ _____ __________

Peak reverse EMF
Off state leakage_______________ _______ ________
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125 VDC DO Channel Test (Section 4.4.3)

This test was executed on 1,DO,321 and 1,DO,322 (rack 1 slot 5) of an HFC-DC34 card. 1,DO,321
and 1,DO,322 were connected to the set and reset contacts respectively of relay CR1 of the HPAT.
These channels were controlled by the simulated valve control logic T06, and the Burst of Events
algorithm was used to control the two relay output channels. (Refer to TP0403. Relay CR1 is
driven automatically by the BOE test.)

A variable power source was set to 90.0 VDC and 140.0 VDC to verify that the DO channels
operated correctly over this range of voltage. Screen captures from an oscilloscope were used to
record the output signals from the DO channels. Next, the power was removed from the solenoid
circuit, and the oscilloscope was used to measure the leakage current. The simplified test setup
provided in Figure A.10-10 was the setup for testing the DC34 DO channels.
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p for Discrete Output Testing.

Data was collected to veryjl 2 r. i
state voltage drop, current 1 g
verified by setting the minimum inp I
state voltage drop was determined
applied. Current leakage was the curri
with voltage applied. The steady state
coils of CR1 with the DO channel ON.

voltage range, the minimum in-rush current capacity, on
steady state current. The operating voltage range was
M DC and the maximum was set to 140 VDC. The on
i eh-oltage drop across each DC34 relay with voltage
6 caIh relay on the DC34 while each relay was off

LntŽ iIe measured current through the set and reset

loscope duringthe alification test that should have
4: "

n of the solenoid cireiiitZ

Screen captures are recorded from an oscil
provided the following results for the DC3z

S Peak response signal on activatior
o Steady state output signal.
* Peak reverse EMF on deactivatior
* Off-state leakage sio-nal

n of the solenoid circuit.

Table A.10-3. 125 VDc Output Channel Parameters.

uoii tKesistance I I
Supply voltage set to 90.0 ± 0.5 vdc
Peak off-on response voltage

Peak in-rush current
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Steady-State output

On state voltage drop

Peak reverse EMF

Off state leakage _

Supply voltage set to 140.0 ± 0.5 vdc
Peak off-on response voltage
Peak in-rush current

Steady-State output _

On state voltage dr...
Peak reverse EMF
Off state leakage ____._______ ______ ______

12

7)

12;

A.11 Communication Operability Test (Section 4.5)

The Communication Operability Test was conducted during the prequalification phase of testing
and then repeated before, during and after each qualification test. The purpose of the
prequalification test was to provide a baseline to compare against the tests performed at the other
times listed above. This comparison is to be done to demonstrate that the system communication
performance was not unacceptably impacted by the qualification test stress conditions.
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The HFC-6000 control system includes two internal communication networks. Intercommunication
links (ICL) enable communication between the controller and all configured I/O modules for a
particular controller. Redundant C-Link channels enable communication between a remote
controller and attached workstation PCs, other remote controllers, or with external equipment.
However, the C-Link channels and the associated equipment are not part of the scope of the
Qualification Report.

This test will use linemmorcounters to provide a basis for evaluating the quality of communication
on these links. heoeraltest method will consist .of recording the count value of the error
counters at the start end-f j a test period and interpreting the total accumulated error count as the
measure of communicationre•iaify. During prequalification or post qualification test phase, a set
of automatic tests (accura%ý isaead BOE test) was run to provide background activity for the
communication test. The ICL >iU- 'r ounters can be read through an HFC software utility -
Memory Editor and screen capture we de for the ICL link error counters. The system
controller maintains an ICL error uter ach I/O module that communicates with that
controller through an ICL. Whenever the t controller resets, all the ICL error counters will be
reset to 0. Whenever an I/O module resits, orresponding ICL error counter will increase
rapidly. ICL error counter rolls over at 32767,4i!e.',FFF.,

ICL Error Counters
K$

Table A.11-1. ICL Error Counters During Post Qualification Test.

Card Start End Count Start Stop D
Typ ContCount KDiff ~Time Time

Remote 1
0

3
5
6
7
9
9
10
10
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A.12 Timer Test (Section 4.6, 4.6.1, 4.6.2)

The timer functi'ei controller is based on an integral clock that generates an interrupt
every 10 ms, and te"'merý suirice routine updates. the status of every "on-state" timer (TI point
used in the applicatioat itervals based on the time base selection:

" Every 100 ms for a second ti'mie baseir.0.1 sec)
* Every 6 seconds for a minute ti 6a. 1 min)
* Every 6 minutes for an hour tlm'ase•Th

All timers operate using multiples of 0.1 oftihe's e •ec tune base. The minimum preset value for a
TI. point is 0.1, and the maximum preset val(etii•ic :555.9. When executing the TSAP, the
controller loads the timer preset value into the rt - 'e>during each execution cycle of the
Equation Interpreter. When the control input to a ti 'tre, the remote starts decrement-
ing the timer value by 0.1 at the regular interval appropriafit tgime base until the control input
either becomes false or the timer value has been decremne td4<6 > ch TI point controls two
output functions labeled GT and LT on the symbols shown V 4l. The definitions for
these output functions are as follows:

o GT - If the control input remains true until the preset value decrements to 0.0, the timer output
becomes true. The timer output then remains true until the control input becomes false.

o LT - When the control input becomes true, the timer output becomes true. The timer output
then and remains true until either the preset value decrements to 0.0 or the control input
becomes false, whichever occurs first.

Figure A. 12-2 illustrates a time line for processing a TI point having a preset value of 4AT, where
AT is 0.1 of the selected time base. Because processing cycles of the Equation Interpreter are not
synchronized with the regular interrupts for the timer service routine, the interval from execution of
the timer start process to the first execution of the timer service routine is less than AT, and a finite
delay exists after the TI value decrements to zero before the timer stop process executes. As a
result, the effective time period defined by-the timer function is

P=4 AT-TI +T2
Thus the total deviation from the preset value is represented by T2 - T1, which could be negative,
positive, or zero for any particular instance. The maximum theoretical deviation exists when TI is
0 or when T2 is zero. For the HFC-6000 system the maximum deviation for each time base is as
follows:
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o ±100 ms for second time base
* ±6 sec for minute time base
* +6 min for hour time base.

1,DO,643 - 4,D1,11

1,DO,644 - 4,D1,12

T2

AT AT AT A

tOCESS

TIMER STOP PROCESS

AT

Figure A.12-2. HFC-6000 Timer Processing Function

The purpose of this test was to verify the accuracy of the timer function accessible to the TSAP.
The timer test is based on logic completely contained within the TSAP. This logic consists of four
pulse timers configured to control two separate free-running square waveforms, as illustrated in
Figure A.12-1. The output from one set of timers is on for 1 second and~off for 1 second; the
waveform from the second set is on for 5 seconds and off for 1 second. The two output signals
drive two separate DO channels: 1,DO,643 and 1,DO,644. This arrangement allows the direct
measurements with an oscilloscope. During qualification testing, the outputs from the two DO
channels are routed to separate SOE input channels of the HPAT to permit automatic recording of
the signal transitions. 4,DI, 11 and 4,Di, 12 are the corresponding SOE logging points.

The timer test acceptance criteria (Section 5.0) specify that the timer accuracy shall vary by no more
than ±1% of preset value or ±3 scan cycles. The measurements taken in the test configuration
described above record the transitions of DO signals controlled from the memory image of the TI
points. This does not measure the transitions of the timer periods directly, but the ICL transfer and
the operation of the DO module introduce a uniform offset to the timer transitions. This test does.
test the way in which the timer function impacts any process under control.
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from Post Qualification Test.

Automated Timer Test (Section 4.6.2)
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Table A.12-2 Automatic Timer Test Result from the Post Qualification Test.

A.13 Failover Operability Test (Section 4.7)

The purpose of this test was to verify proper failover of the redundant controllers. The baseline data
will be compared against other data from the same tests performed at the completion of the
qualification program to demonstrate that the system performance was not unacceptably impacted
by being stressed up to and beyond its normal operating state.

The HFC-6000 control system includes redundant controllers and redundant power supplies. The
redundant controllers share a Dual-Ported Memory (DPM) assembly that provides the mechanism
for transferring system status from the primary to the secondary controller.
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A~ YKK~
(

~

Figure A.13-1 Failover Delay

• After recording the failover delay, the affects of failover were monitored on the analog controls
loops. Channel 1 of the oscilloscope wasconnected to 2,AI,29 and channel 3 of the oscilloscope
was connected to 2,AO,41. Then the failover button was pushed on the DPM and a screenshot was
captured. Acceptance criteria states, the analog control circuits will not exhibit more than a .5%
transient shift in the final output signal. •Figure A.13-2 below shows the screen capture from the
post-qualification test, no disruption occurred.
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Figure A.13-4. Transition withFailbv& Process.
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1.2 F o F
1 - ___

0.8

0.2

0
2,860 2861 2862 2863 2864 2865 2866 2867 2868

Relative Time (s)

Failover

1

0.8

> 0.4 •4:: :: :0'.2

2858 2860 2862 2864 2866 2868 2870

Relative Time (s)

Figure A.13-5. DO (Logged as SOE Inl•.T.oionts) PA

Table A.13-1. DO State Transition Time Before. Di

its During Failover.

A, After Failover.

A.14 Loss of Power Test (Section 4.8)

-The purpose of this test was to demonstrate that all I/O channels transition to default power-off
states when power is removed and then hold these states following restoration of power until after

system initialization is complete, at which time normal operation resumes.

During this test, power is removed from the Test Specimen for a minimum period of 30 seconds,
and then power is restored. While power is out, points are checked to verify DO channels are de-
energized, AO. channels are open, and power output channels are open. After restoring the AC
power to the Test Specimen, the output channels remain disabled while initialization is in progress
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and once initialization is complete, the automated tests resume automatically without any additional
intervention. Data from post qualification -test were used to assess the system performance during
power loss test since the data from pre qualification test were not preserved.

- A.14-1. Loss of Power Manual Data.

* AO channels are pei

Power Outputs are open (

t)

DO channels are de-enei

Loss of Power - SOE Digital Data (Post Qualification Test)

->

0.8

S0.6

• 0.4 ,tq

04
--16:12:43

4 D OI,-,

-±4,Di,4

4~,DI,1

ADI, 12
16:13:00 16:13:18 16:13:35 16:13:52 16:14:10

Timeline

16:14:

Figure A.14-1. Digital Data from SOE Logger from Loss of Power Test During Post
Qualification Test.
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Loss of Power - HAS DO Data (Post Qualification Test)

1.2

1

0.8
a)
" 0.6

> 0.4

0.2

0

6/16/2004
13:40:48

-- o- 2, Dý, 161

6/16/2004 6/16/2004 6/16/2004 6/16/2004 6/16/2004
13:41:31 13:42:14 13:42:58 13:43:41 13:44:24

Timeline

Figure A.14-2. Digital Data from HAS Logger During Loss of Power Test of Post
Qualification Test.
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Table A.14-2. Equation Processing Cycle Time During Loss of Power Test of Post
Qualification Test.

•1,C0,50
1,C0,50
1,C0,50

1,CO,50 --- _____ _ ___"

.1,C0,50 ..
1,co,5o,0:• •

1, CO, 50 ,• -.';/•.

1,co,50 _______I1,00,50 An
1,00,50 __ _ _ _ _

1,C0,50
1,00,50

Three different sources of analog data were monitored duriniis test:
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Figure A.14-3. Analog Data During

Loss of Power - Static Analog Data (Post Qualification Test)

35
30

20

10 .. . . i

6/16/2004 13:40:48 6/16/2004 13:41:23 6/16/2004 13:41:57 6/16/2004 13:42:32 6/16/2004 13:43:06

Timeline

Figure A.14-4. Static Analog Data During Loss of Power Test from Post Qualification Test.
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bormance of a control system channel with a single
EIGpower source to another. The test configuration
,pWP source and a backup power source available
asiar, delay was 40 ms and the control system was
•tphis test, the power source to the Test

VIi" uit }R d to interrupt power flow to the Test
f aut' /nrtaccaccuracy, response and timer test,
ower test. The power interruption was

,pply modu•si-i:et Specimen in place, and

A

A.15 Power Interru 4.9)

*This test was intended to dem&fistrt4e-' theere
power supply during the switchove fu i
presumed a single power supply with ai~r•
with an automatic switchover. The expectifIt
expected to maintain control during the interr
Specimen was connected to a timer relay whicl.
Specimen for afixed interval of 40 ins. A set o
was run to provide background activity for the I
introduced twice, first time with all power su
second time with half of the power supply modt

.The EPRI test requirements document states that if redundant power'supplies are provided, then the
supplies shall be protected so that undervoltage, overvoltage, shorts to ground, and other faults in
one supply do not prevent the alternate supply from operating as designed. The HFC design
employs redundant power sources-and diode auctioneering to isolate the parallel power rails from
one another to meet the above requirement. The results of single power supply testing described
below demonstrated that one power supply is sufficient to runthe system without interruption in the
event of the loss of the redundant supply. However, a single power supply is not required to
sustain controller operation during a power interruption when redundant power supplies are
provided.

With Redundant Power Supply

Analog Accuracy Signals
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Power Interruption with Redundant Power Supply - Al Accuracy Data
(Post Qualification Test)

100

0F

E

80

60

40

20

F
6/29/04 8:29:46 6/29/04 8:31:12 6/29/04 8:32:38 6/29/04 8:34:05 6/29/04 8:35:31 6/29/04 8:36:58

Timeline

Figure A.15-1. Al Accuracy Sign~als','uiingower Interruption with Redundant Power
y.lf .. y

up W

Power Interruption with Redundant Power Supply - AO Accuracy
Data (Post Qualification Test)

CL

E

100

80

60

40

20

~1,BL, 554

0 ,! '4:•

6/29/04
8:29:46

6/29/04 6/29/04 6/29/04 6/29/04
8:31:12 8:32:38 8:34:05 8:35:31

Timeline

6/29/04
8:36:58

Figure A.15-2. AO Accuracy Signals During Power Interruption with Redundant Power'
Supply.
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RTD During Power Interruption

80

70

50 -

40 .-' •; :30

20 'V

8:29:46 8:30:29 8:31:12 8:31:55 8:32:38 8:33:22 8:34:05 8:34:48 8:35:31 8:36:14

Time of Day on 6/29/04

'~* 1~B1O-~1~L 58'- 1 BL.548

Figure A.15-3. RTD Accuracy D'uri Vuer Interruption Test with Redundant Power

Static Analog Signals

<A

TA05 Level Controller During Power Interruption with Redundant
Power Supply (Post Qualification Test)

60 , '

40 ''*'

20

0) -20 ___________ __

-ý100

8:29:46 8:32:38 8:35:31 8:38:24 8:41:17 8:44:10 8:47:02 8:49:55 8:52:48 8:55:41 8:58:34 9:01:26

Time of Day on 6129/04

4-1BL,40, SiniL]At'ed Output Valu i, V ,L Smuae] alue )
1BL,5331 'Level16hi' alarm- 'a 1B ,3,vloa~

Figure A.15-4. TAO5 Level Controller During Power Interruption Test with Redundant
Power Supply.
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Post Qualification Second Power Interrupt- AO Accuracy

100 -

8 0 ...
60

,40

20 :

6/29/04 9:14:24 6/29/04 9:15:50 6/29/04 9:17:17 6/29/04 9:18:43 6/29/04 9:20:10

Timeline

Figure A.15-5. Analog Accuracy Signals During Power Interruption Test with Single Power
Supply.

Table A.15-1. Equation Processing Cycle Time During Power Interruption Test.

1,C0,50
1,00,50 I
1,00,50__ _ _ _ _ _ _ _ 1 ___ _ _ _ _ _ _

1,00,50 __ _ _ _ _ _ _ _ __ _ _ __ _ _ _ _ _ _ _ 1 _ _ _ _ _ _ _ _ _

1,00,50 __ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _
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N wn ime Stampr Value Description~ Counts, ~Durationý /Cycle
1IG0,50
1,00,50

1,G0,50
1,C0,50
1,C0,50
1,G0,50
1,G0,50

1,C0 ,50 ........ _______

1:00:50

1,00,50 >.

1,00,50 _"_____

1,C0 ,50 _ ._ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

1,C0 ,50 ___-__ ___ ___ •

1,C0 ,50 " i__________ __' _
1,00,50 _______

1,C0,50 ".1,00,50_________'<

1,G0,50
1,00,50 Output_ __ta

.Digital Output Data
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Power Interruption Test with Single Power Supply - SOE Data (Post Qualification Test)

1.24,D1
4. D$1,

04. Dj1.

990.62

0.2 J ll

9:15:28.8 9:15:37.4 9:15:46.1 9:15:54.7 9:16:03.4 9:16:12.0 9:1&'20.6 9:16:29.3 9:16:37.9

June 29, 2004

Timeline

<,Z / . ;,7 i !-) , /

Figure A.15-6. Digital Data froms•0EJ'• uring Power Interruption Test with Single

Application to Nuclear Safety System

Sulmmary

e Conclusion
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B.1 General

The purpose of this attachment is to document the results of the Baseline Prudency Tests in
Section 4.1 of the Prudency Test Procedure TP0403, Rev. C.

The Prudency Tests are a set of tests which were designed to exercise the Test Specimen under
extreme loading conditinns to provide a prequalification performance baseline. During subsequent
-qualification testing•ýilpost qualification testing applicable sections of this testing would be
repeated to iden6t,ýif( A rmance degradation from the performance baseline. The Prudency
Test consists of Bui•st ( iy nsB(IOE) test, Serial Port Failure test, Serial Port Noise test and Fault
Simulation test. The tcstdamii "' aired and recorded by the Sequence of Events (SOE) system
and the Historical Archiv'Sy"•Sste HAS). The SOE system has a faster response time but is
limited by only being capable gital data, and in its data storage capacity.

The Burst of Events (BOE) section oYPncy test was configured to impose a large number
of operations on the HFC-6000 Test, m; n simultaneously to provide a high, level of
processing activity equivalent that specified~ih:EP JR -107330.

The HFC-6000 Prudency Test Steps 4.1 throughA' •te-•rformed prior to shipping the Test
Specimen to Wyle Laboratories for qualification tes! K- v'yr most of the test data generated
during these tests was overwritten due to a misunde anbdii- " i' the test personnel of the
limitations of the SOE data storage capacity. While thezias' ft earliest baseline data was
unfortunate, it does not present a significant problem in an y of the Test Specimen
performance data. 'The baseline Prudency Test and each of th&/ub'sequent Prudency Tests are
evaluated against stated acceptance criteria in the test procedures. A significant performance
degradation occurred only when or if the Test Specimen's performance fell outside of the defined
requirements for system performance. At that point an evaluation was required to determine the
-significance of the problem, and its potential impacts. Depending upon the evaluation of the
degradation and its causes, the possible outcomes could range from revising the acceptance criteria
and/or equipment performance specifications, to modification of the equipment design and
repeating the tests affected.

For the analog potion of the BOE test, a square waveform was used with a frequency of 0.5 Hz
(one second on, one second off) with the amplitude going from 10% to 90% of the card input
range.

Certain pieces of baseline Prudency Test baseline data, while not specifically required in order to
demonstrate that the HFC-6000 equipment is qualified, would have been worthwhile having to
support some of the data analysis. Therefore, in addition to the qualification and post qualification
Prudency Testing, for which data was available, supplemental testing was performed on specific
equipment and other data sources (e.g. incoming inspection reports) were assembled to
,compensate for the baseline data loss.
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The Serial Port Failure section of the Prudency test was configured to test the Redundant
Intercommunication Links (ICL) that enable communication between the HFC-SBC06 controller
and all other cards associated with a particular remote.

The Serial Port Noise test is designed to superimpose a white noise signal on the transmit and
receive signal lines of each serial port. When the pre qualification test was done, execution of this
test was not required during, any phase of the qualification tests. Therefore, it was decided not to
include this testing in the baseline testing, Instead, it was performed after the equipment had -

returned from Wyle h .

B.2 Digital Inpnitati POE Test (Section 4.1.2)

The setup for this test prtogugeYp••o XAP , performed in Sections 4.0 through 4.1.1.2. The following
digital channels were toggled one (rs'o

0 9.DI channels (48-vdc excltat/• • •1_ e

o 4 120 vac DO channels
o 2 125 vac channels

23 relay output channels •.

Control signals for this BOE input were providd<, tiey ,,Tic3PiAT to the TSAP. The TSAP
responded to these control signals and generated the FA s l t

concurrent cycling of the TSAP input and output channels
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Table B.2-1. Digital BOE Abnormal Transitions in the Pre Qualification Test.

2 25 27.2 1
2 25 30.1

2 25 43.5 ,

2 25 44.1" • .. _

2 26 114'. V
2 26 15' ii1
2 26 15.1 .
2 26 18.2 • : _

2 26 19.1 N..- \ -__-___

2 26 23.1 _______

2 26 23.1 y' •
2 26 59.1 ' _________.__________

Total Number of
Transitions -

Total Number of
Contact Bounce

Events
Total Number of

Anomalies _ _ __ __ _ _ _

Anomaly% K,/ 2
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B.3 Analog BOE Test (Section 4.1.2)

General

The analog burst of events (BOE) test consists of a free -uninjiag square wave signal that
switches between. 10% and 90% of full, span with a 10-seccond6dw ti'iie at each level. (The
original test design required a 1-second dwell time in accordance1ý 1t requirements of EPRI TR-
107330, but this was changed to 1.5 seconds to ensure reliable HAS logging. During the initial
execution of the automated tests, this preset time was changed to 10 seconds due to the response
time of the Al modules.) The test algorithm operates as part of the HPAT application (remote 2)
and drives six 4- to 20-mA AO channels. Five of these AO channels are wired to separate Al
channels of the main controller of the Test Specimen (remote 1), and one of the signals was wired to
an Al channel of the single-loop controller (remote 3). However, the single-loop controller (remote
3) is not part of the Qualification Report. The TSAP for both remote 1 and remote 3 provided logic
to loop these analog signals back to separate AO channels, and the resulting signals were returned to
the HPAT.

The BOE test algorithm, was configured so that it could be started and stopped by command input
from the HPAT workstation PC. When the test was disabled, all six analog BOE AO signals
remained static at 90% of span. When the test was enabled, the test algorithm began operating, and
the test signal traversed a closed loop from the HPAT to the Test Specimen and back to the HPAT.
The HAS logger, which operates on the HPAT workstation, was confignred to log the driving signal
of the BOE algorithm, four of the Test Specimen Al signals, and the corresponding four AO signals
(Table B.3-1). Because the HAS logger can only access data available from DDB broadcasts on the
C-Link, individual BL points provided the actual data that was recorded.
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TSAP Logic Configuration for Analog BOE - Remote 1

The main Test SpecireihŽ
each of these inpuqt-ign
logged by the HA-S1/anad
*Test Specimen also rie•eiA
digital image was used't
routed to Al channels of
analog BOE test.

Tabli

controller received analog BOE signals at five separate AI channels, and
1' was processed by a separate AIC block. Three of these inputs were
ione ,yAI,882) was used to drive an AO channel (1,AO,922). The main

"edI chfAnalog BOE algorithm via the C-Link as a digital image, and this
[•" Iadditional AO channels. All four of these AO channels were

th'-Ff • two of these channels were logged by the HAS for the

e B.3-1. DaaVints f1o r me Analog Prudency Test.

HI
I -

Main Test Specimen Controller
77 >j

Single Loop Controller Chassis

Test Result Analysis - AI BOE Test Results for Remote I
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Figure B.3-1. BOE Control Remote 1 During the
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Table B.3-2. TSAP Al Channel Readings and Deviations from BOE Source Signal During the
Pre Qualification Test.

10% Measurement (%)

Deviation FromiO 10%

Num of Measurements

9Q0%o Measurement ....

D~eviation From 905~%) _____

N um of Measurements

Test Result Analysis - AO BOE Test Resuffi. -

TSAP Al vs. TSAP AO - Pre-Qualification Test
100

80

60 , *

S 40 P ,L,213

.E 20 -

0.
2/17/2004 2/17/2004 2/17/2004 2/17/2004 2/17/2004 2/17/2004
23:09:36 23:11:02 23:12:29 23:13:55 23:15:22 23:16:48

Timeline

Figure B.3-2. Logged TSAP Al signal (1,AI,882, 1,BL,510) versus Corresponding TSAP AO
Signal (1,AO,922, 2,BL,213).
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Table B.3-3. TSAP AOs and Corresponding TSAP Als in Remotel During the Pre
Qualification Test.

i i

Evaluation - Effect of HAS logger i

,

~ /
/

~

Table B.3-4. TSAP Al Signals in Post-qualification Test.
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Table B.3-5. TSAP AO Signals versus TSAP Al Signals in Post-qualification Test.

B.4 Serial Port Failure Tests (Section 4.2)

The Serial Port Failure test section of the Prudency test is configured to test the redundant
Intercommunication Link (ICL) that enables communication between the HFC-SBC06 and all other
modules associated with a particular remote.
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The objective of the Serial Port Failure Test is to demonstrate that a hardware failure on a single
serial link will have, no adverse impact on the steady-state operation of the controller.

The test for the ICL was to impose failure conditions on one of the redundant pair.

ICL Failure Test (Section 4.2.2)

Serial•Link Noise Test (Section 4.3.2,
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B.5 Fault Simulation Test (Section 4.3.3)

The Fault Simulation Test covers introduction of a simulated condition to trigger failover from the
primary to the seconl iycontroller. Demonstration of the failover function is covered by the
Failover Operabilt frmn'ijnTRe Operability Test Procedure (TP0402). Therefore, this test was not
intended to be run asparth f"Prudency Test Procedure (TP0403).
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1.0 PURPOSE

HFC is generically qualifying its HFC-6000 control system for nuclear safety-related
applications in U.S. nuclear power plants. The approach taken for this qualification effort
is based on the guidance provided in .EPRI-TR-107330, Generic Requirement
Specification for Qualifying Commercially Available PLC for Safety-Related
Applications in Nuclear Power Plants.

This document
qualification test

2.0 SCOPE

2.1 Definition .of the test se'W]
Wyle Laboratories for the

2.2 Evaluation of Operability and PI
Environmental Testing against baseline

2.3 Identification of anyperformance degr.
Prudency testing performed.

3.0 REFERENCES

3.1 TS901-000-22 HFC6000 Baselin

3.2 TP0402 Operabilitv Test P

ital qualification testing performed by
A System test specimen.

ýstg performed before/during/after
Sgsre u ts.

ro-rom ýhe&-Baseline Operating and

e Testing

?rocedure

3.3 TP0403

3.4 VV0414

3.5 50043-1

Prudency Test Procedure

Master Configuration List

Test Procedure Environmental and Seismic Testing of an
HFC-6000 Control System (Wyle)

Test Report Environmental and Seismic Testing of an
HFC-6000 Control System (Wyle)

HFC-6000 Control Systems, ERD111- Control System
Qualification Environmental Stress Procedure

3.6 TP0404

4,.0 HFC-6000 ENVIRONMENTAL QUALIFICATION DESCRIPTION

The environmental stress test is one of a battery of tests mandated by EPRI TR-107330
to qualify a commercially available PLC for safety-related applications in a nuclear
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power plant. This test exposes a specially configured HFC-6000 control system (Test
Specimen) to extremes of temperature and humidity, Figure 4-1, in order to induce
accelerated aging of functional components.

:Environmental Test IProtfle

16 -- I W

T

1o T

120 - 0

40 R40
60
407

20 -1- L

0 0
.0 "5 "1 15 2 .25 30: 35 4) 45 50 55. 60 65 70 7•

Time (hoiurs')

Figure 4-1. Environmental Test Profile

This testing was accomplished by enclosing the Test Specimen in an environmental test
chamber in accordance with the HF Controls test procedure at Wyle Laboratories. The
Test Specimen was running a Test System Application Program (TSAP) throughout the
test period, and its operation was monitored continuously by an automated test controller
located outside the test chamber. In addition, comprehensive functional tests were
conducted before, after, and at specified points during the stress testing. The results of
these tests are used to identify any deterioration in functional performance of the Test
Specimen.

5.0 HFC-6000 ENVIRONMENTAL TEST SETUP DESCRIPTION

The Test Specimen and HPAT both were shipped to Wyle housed in portable cabinet
assemblies. The Test Specimen was installed inside the environmental test chamber; the
HPAT cabinet and monitoring equipment was located outside the test chamber.
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The test specimen was unpacked, inspected, and assembled in the environmental test
chamber during the period from 1:00 PM to 5:30 PM on 2/19/04. The following set up
was also performed by HFC test personnel:

* Installed rack-to-rack and rack-to-panel cables
* Installed communication wiring between the Test Specimen and the HPAT
* Mounted I/O cables to the connectors on the back of each rack.

Routed I/O cab 9mrom the environmental test chamber to the HPAT.
o Routed pQ ,is-from the ac power source to the Test Specimen.
. Verified I/Ofabe'•,iistallation.
* The temperatk %humidity sensors were positioned in accordance with

TP0404 paragraph•3, .

Spare I/O cards were installed in ýall4.limts~dcots of the test specimen chassis. These
cards were powered up and were' "j6fd,_t.th enviromnmental stress conditions, but
they were not scanned by the controller( SKx644ad~aj5ilure have occurred during any phase
of qualification test, these spare cards cou Ma,4 bcj used as immediate replacements
without disrupting the overall test.

EPRI TR-107330 paragraph 6.3.3 requires a static/testdui the environmental stress
test consisting of the following:

* A minimum of half of all DO relay channels shall be-ýlyhnshlbiý•kaded to their
rated current; the remainder of the DO relay channels shalj 4e ff:

o All of the AO channels shall be set between 50% and 66% of full scale.

All of the static DO and AO points were preset as required except those used for
automated operability or prudency test.

6.0 ENVIRONMENTAL TESTING

Figure 5-1 shows the basic testing sequence that was followed for the environmental
stress testing. Refer to Wyle Laboratories test report for detailed environmental
measurement records.
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.48 HR MIN

HI TEMP

AMBIENT

LO TEMP

- 4 HR MIN

I N 4 HR MIN

8 HR MIN

Environmental Test Sequence

Before the environmental t§ -,4Žj't of pre tests was
equipment was fully functiona .....T. hle environment
consisting of 4 major phases:

* 1407F Heat Test: A minimum '48 ho ji' d wi
140± 5' F and a relative humidity RHf 9W/i)

• Ramp down period: A transition period -of
temperature was reduced to 40' ± 50 F with 0%/1o 1

* 40'F Cold Test: A minimum 8-hour period with th
50 F with 0% to 10% RH (noncondensing).

conducted to verify that the
al stress test was performed,

ith the ambient temperature at
5% (noncondensing).

which the ambient
rncondensing).

erature at 40' ±

* Ambient Room Temperature: A transition period of 4 hours during which the test
chamber was brought back to ambient room temperature and humidity.

Table 5-1 shows a list of the minimum Operability and Prudency tests needed to be
conducted during each environmental test phase.

Table 6-1. Required Tests for Different Environmental Test Phrases

Environmental Test Phases HFC Tests
Pre-Environmental Test BOE, Accuracy, Response, Timer

Environmental Test

At the end of 1407F and 95% RH BOE, Accuracy, Response, Timer, Discrete Input,
Discrete Output, Communication, Power Quality

At the end of 40'F and 5% RH Accuracy, Response, Timer, Discrete Input, Discrete
Output, Communication

Post Test (room ambient BOE, Accuracy, Response, Discrete Input, Discrete
temperature) Output, Communication, Timer
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7.0 TEST EVALUATION

The test results achieved during "baseline testing" are generally the tolerance limits
against which the qualification tests (environmental, seismic, etc.) will be evaluated. The
problems with test methods, test data, etc will not be revisited in detail in these reports.
The focus will only be on any "changes" in system performance attributable to the
qualification test environment.

6.1 PRE TESTS ,

6.1.1 General Deis@ijtions'

The purpose of the pretert seT'nce'{TP0404
Specimen is fully operationaI.ti 1start
tests, all of the automated Opef'-ili-t-"

The automated Prudency BOE test Aý aePdcBEs

6.1.2 Acceptance Criteria

o Preliminary operability and prudency tests
limits listed in documents TP0402 and TP(
established during prequalification testing sh

.paragraph 4.1) is to verify that the Test
of the environmental test. During the pre
re run for a minimum period of 5 minutes.
5 minutes. Communication was verified.

within the tolerance
from baseline results

6.1.3 Results

6.1.4 Anomalies
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7.2 ENVIRONMENTAL STRESS TESTS

7.2.1 General Descriptions

The environmental stress tests include a 1406F heat test, a transitional ramp down period,
and a 40'F cold test. The operability and prudency tests were conducted at the end of
140'F, at the end of 40'F, and at ambient temperature.

7.2.2 Acceptance Cr'if'ia

o Operability UtSu " shall remain within the tolerance limits established during
baseline testing.Aý'dydvlation from baseline results established during
prequalification te•tijgshiall xedentified and recorded.

" BOE test results shall rema n titJin the tolerance limits established during
baseline testing. Any dea f baseline results established during
prequalification testing shall 1eiden i ied recorded.

* Static DO channel tests - Neither cergized•r• e y channels- nor deenergized
channels shall exhibit any spurious transit./6

* Static AO channel tests - No AO channel shall hc niore than 0.05% from
its set value throughout the test period. •I

* If any alarm condition is detected during the. environmentad A ss-test, the alarm
*state shall not affect overall functional operation of the Test 'secimen or TSAP.

* A random failure, of any module will not be considered a failure of the
environmental test if the control system continues overall functional operation. A
failed module may be replaced with a spare module without impacting the
integrity of the test. If the replacement module is taken from one of the spare
slots of the Test Specimen, no increase in the test period will be required. If the
replacement module is not taken from one of the spare slots, then the test period
shall be increased by a minimum of 1 hour.

o If liquid condensation forms on the Test Specimen during the transition from one
environmental condition to another, the condensation may be removed without
impacting the overall test results.

7.2.3 Results
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8.0 SUMMARY

The environmental tesfte-ults show that the overall HFC6000 control system met all
acceptance criteria-fx5'o(fthe anomalies listed below:

"One of the SBC06 it ro s,.failed during the test, evidently because of a power drop
in the Wyle power so~i rTisiure did not impact the tests and underscored the
functional capabilities 6f r•Ih dant architecture of the main Test Specimen
controller.

o The indicated temperature valuew osNited h RTD input channels changed during
the test because the resistance •\itho:ad, resistors changed with temperature
variation./, "

o Due to loss of data, accuracy of RTD and a s , "not able to be verified under the
environmental stress conditions. Applicatf64/-e~ 'n•these accuracies may need
additional project specific testing for confirmatii ik

9.0 ABBREVIATIONS AND ACRONYMS

The following abbreviations and acronyms are used in this tesL -are unique to
the environmental test.

BOE Burst of Events
HAS Historical Archiving System
HIFR Host Interface Remote
HPAT HFC Plant Automated Tester
ICL Intercommunication Link
FPC Flat Panel Display Controller
SOE Sequence of Events

Page 14 of 14 Non-Proprietary



Environmental Test Report Attachment TS901-000-23 Rev B

HF Controls

DOOSAN HF CONTROLS CORPORATION

HFC-6000 Control System

ERD1 11 - Control System Qualification Project

Environmental Testing Summary Report

TS901-000-23

Appendix A.

PRE-ENVIRONMENTAL TESTS
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A.1 GENERAL

This attachment is to document -the results of the Pre-Environmental Operability Tests
and Prudency Tests in Section 4.1 of the Environmental Stress Test Procedure TP0404,
Rev. C. The acceptance criteria against which the pre results are evaluated are provided
in Section 5.0 of the test procedure. The purpose of the preliminary operability and
prudency tests is to verify that the system is fully functional. Test results shall remain
within the tolerance limits established by the baseline testing, as listed in Attachment A
of Baseline Testing Summary Report. Any deviation from baseline results established
during prequalification- testing will be identified and recorded.

The automated 'operability and burst of events prudency tests were run three different
times (8:57 AM, 9:35 AM, and 11:57 AM) on 2/20/04. During the first two executions
of the tests, a hardware problem was detected and then corrected. The final execution of
the. test was accomplished without problem. The operability tests performed are
Accuracy, Response, and Timer tests.

During the test, alarm status was monitored and examined. All alarm states being
reported represented known conditions.

A.2 AUTOMATED Al ACCURACY (SECTION 4.1)

Al Accuracy card All 6F in rack 4 slot 5 of the test specimen cabinet exhibited power up
problems and was replaced before start of environmental test. Since the baseline criteria
were established with the original card and the future tests will be run with the new card,
the. baseline criteria had to be replaced with results from the new card. Manual testing
was not performed with the new card, so the automated test results taken during pre-
environmental test were used as the basis for evaluation of future tests. Therefore, the
results from this pre-environmental test for Al accuracy were used as the new baseline
criteria for evaluating Al accuracy test results during environmental test as well as
EMI/RFI tests and any other tests.
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Al Accuracy before Environmental Test

10 0
9 0 ! .... .5 ::: .

50
40

30

'10

2/20/04 2/20/04 2/20/04 2/20/04 2/20/04 2/20/04 2/20/04 2/20/04
11:55:41 11:57:07 11:58:34 12:00:00 12:01:26 12:02:53 12:04-19 12:05:46

-"O-2,BL,283 -1,BL,506 22,BL,215

Figure A.2-1. Al Accuracy Before Environmental Test.
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Table A.2.1. Al Accuracy before Environmental Test.

SWaL,.)UO

Step Waveform

Step Waveform

Step Waveform

Step Waveform

Step Waveform

Step Waveform

Step Waveform

Step Waveform

Step Waveform
Step Waveform

Step Waveform

Step Waveform

Step Waveform

Step Waveform

Step Waveform
2.1BL,215

Step Waveform

Step Waveform
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Step Waveform

Step Waveform

Step Waveform

Step Waveform

Step Waveform

Step Waveform
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A-4 Non-ProprietaryI



Environmental Test Report Attachment TS901-000-23 Rev B

Al Card Automated Accuracy Test

100.00

90.00

80.00

70.00
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. 50.00
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< 40.00

30.00

20.00

10.00

0.00
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. Elapsed Time (Seconds)
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-, Value 2,BL,283 ------ Value 1,BL,215 - -Value 1,BL,506

Figure A.2-2. Al Overshoot Pattern.

Table A.2.2. Al Overshoot Pattern.

Tag Name~ Time Stamp V/alue D~ elay

1 ,BL,506
1 ,BL,506
1 ,BL,506
1,BL,506
1 ,BL,506
1 ,BL,506
1 ,BL,506
1,BL,506
1,BL,506
1 ,BL,506
1 ,BL,506
1,BL,506
1 ,BL,506

I ,BL,506
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~Tag Name ~ Time Stamp . ValUe Delay
1,BL,506
1,BL,506
1,BL,506
1,BL,506
1,BL,506
1,BL,506
1,BL,506
1 ,BLj506
1 ,BL,506
1 ,BL,506

1 ,BL,506
1 ,BL,506

1 ,BL,506

1,BL,506

1 ,BL,506
1 ,BL,506

A.3 AUTOMATED AO ACCURACY (SECTION 4.1)

Table A.3.1. AO Accuracy Test - Pre-Qualification.

/,,DL,/- I I
+ 4

+ 4 +

+ 4

+ 4 4

- .4- 4

+ 4

The following table and chart shows the automated AO accuracy testing results during
pre-environmental phase. These test results are within the baseline tolerance limits.
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Table A.3.2. AO Accuracy Test - Pre-Environmental.

2,BL.211

Step Waveform
+ 4 -I-

Step Waveform
Step Waveform

_____________________ __________________________ ________________ Step W aveform _____________ _________________

________________________________________________________________________________ S e a e o r _____________Ste p_________________ _____Wa v e fo rm________________________________

AO Accuracy before Environmental Test

100
80

60

20

2/20104
11:57:07

2/20/04 2/20/04 2/20/04 2/20/04 2/20/04 2/20/04
11:58:34 12:00:00 12:01:26 12:02:53 12:04:19 12:05:46

-4--1 ,BL,554 -£- 2,BL,211

Figure A.3-1. AO Accuracy before Environmental Test.

A.4 RTD ACCURACY (SECTION 4.1)
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Table A.4.1. RTD at Pre-Qualification.

Tag Name '~ Epce au HAS Logged Data

I.BL, 10

1, BL, 528

I,BL,546

J,BL, 548

Table A.4.2. RTD at Pre-Environmental.

I DL, IU

1 ,BL,528
1 ,BL,546
1,BL,548

A.5 DIGITAL RESPONSE TIME TEST (SECTION 4.1)

A.6 TSAP ANALOG RESPONSE TIME TEST (SECTION 4.1)

A.7 COMMUNICATION TEST (SECTION 4.1)

A.8 TIMER TEST (SECTION 4.1)

A.9 DIGITAL BOE TEST

The baseline testing results are as follows:
o Every transition was detected.
* Each transition occurred within 1.0 ± 0.15 sec.
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Table A.9.1. Digital BOE Transitions in the Pre-Environmental Stress Test.

Time Stamp~ 4,~DI,3O 0 D,9 4 ,D2 4;DI,27 4,Df,26. ~4,DI,25> <,DI,24~
H. M~ IS_ I2 ,I

8 3 18
8 4 52
Total Number
of Transitions
Total Number

of Contact
Bounce

Total Number
of Anomalies

A.10 ANALOG BOE TEST
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BOE Source vs. TSAP Als - Environmental Test (Pre Test)

100

-080 -- 2ThL 286

60 *f}t I L,1

E 20 1 ,

0
11:57:07 11:58:34 12:00:00 12:01:26 12:02:53 12:04:19

Timeline

Figure A.10-1. BOE Control Signal versus TSAP Analog Input Signals in Remote 1
in the Pre Environmental Test.

Table A.10-1. TSAP Al Channel Readings and Deviations from BOE Source Signal
in Pre Environmental Test.

A-10 Non-Proprietary I



Environmental Test Report Attachment e TTS901-000-23 Rev B

TSAP Al vs. TSAP AO - Environmental Test (Pre Test)
100

~80

60

E 20

0 4-

11:57:07 11:58:34 12:00:00 12:01:26 12:02:53 12:04:19

Timeline

Figure A.10-2. Logged TSAP Al signal (1,AI,882, 1,BL,510) versus Corresponding
TSAP AO Signal (1,AO,922, 2,BL,213) in the Pre Environmental Test.

Table A.10-2. TSAP AOs and the Corresponding TSAP AIs in Remotel in the Pre
Environmental Test.
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HFC-6000 Control System

ERDI 11 - Control System Qualification Project

Environmental Testing Summary Report

Appendix B

Environmental Stress Test and Post Tests Operability Tests
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B.1 GENERAL

This attachment is to document the results of the Operability tests and Prudency tests
during and after Environmental Stress Test as stated in Section 4.2 of the Environmental
Stress Test Procedure TP0404, Rev. C. ý The acceptance criteria against which the test
results are evaluated are provided in Section 5.0 of the test procedure.

The purpose of the Operability tests and Prudency tests during and after Environmental
stress is to verify that system performance was not impacted unacceptably by the elevated
temperature, cold temperature, or transition from one temperature to another. Test results
shall remain within the tolerance limits established by the baseline testing, as listed in
Attachment A of Baseline Testing Summary Report as updated by the attached Pre-
Environmental Tests. Any deviation from these established baseline results will be
identified and recorded.

The door of the environmental chamber was closed at 1:00 PM on 2/20/04 to start ramp
up to the elevated temperature and humidity conditions. The environmental stress test
was run at Wyle Laboratories during the period from* 1:00 PM on February 20, 2004
through 5:00 PM on February 24, 2004.

The operability tests and prudency tests were conducted at the end of 140'F, at the end of
40'F, and at ambient temperature. The tests include Accuracy, Response, Timer,
Discrete Input, Discrete Output,' Communication, and Power Quality, digital BOE and
analog BOE tests. The requirement for which tests were to be run during each phase of
the test is listed in Table 6-1.

No Operability tests were required for the ramping down period. However, during that
period, Wyle's power cord breaker that provided power source to the test specimen
tripped several times. This is not a failure of Test Specimen equipment., However, as a
result of the power cord breaker trip, the entire Test Specimen was powered down.
Therefore, additional tests were conducted to demonstrate that the system was restored to
full function after power up. The test data for these tests are also evaluated in this
appendix.

The post-environmental tests were performed after the environmental chamber was
brought back to ambient temperature and humidity. The purpose for conducting the
Operability tests and Prudency tests during post-enVironmental tests period is to verify
that the system performance was not impacted after the environmental stress applied to
the system. Test results shall remain within the tolerance limits established by the
baseline testing as listed in Attachment A of Baseline Testing Summary Report and
updated by the attached Pre-Environmental Tests. Any deviation from these established
baseline results will be identified and recorded.
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B.2 AUTOMATED Al ACCURACY (SECTION 4.2)

B.2.1 At the End of 140'F

Table B.2.1. Al Accuracy at the end of 140'F.

Ster Wavefnrm
Step Waveform. .
Step Waveform

Step Waveform
Step Waveform

2,BL,215 _ _•

Step Waveform

Step Waveform

Step Waveform

Step Waveform

Step Waveform

Al Accuracy during .140F

100

60 •

40

20

0
2/22/04 2/22/04 2/22/04 2/22/04
17:03:50 17:05:17 17:06:43 17:08:10

2/22/04 2/22/04 2/22/04 2/22/04
17:09:36 17:11:02 17:12:29 17:13:55

j-*---1,BL,506 --a-2,BL,215 2,B,8

Figure B.2-1. Al Accuracy at the end of 140'F.
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B.2.2 During Ramping Down Period

The following charts and tables show Al accuracy tests performed during the ramp down
period after Wyle's power cord breaker trips. The logged data was within the tolerance
limits.

Table B.2.2. Al Accuracy Test during Ramping Down.

Value S Expected, Deviation~Tag Name ThimeStamp Description W

Step Waveform

Step Waveform

Step Waveform

Step Waveform
Step Waveform

2,BL,25SteWave
Step Waveform

Step Waveform

Step Waveform

____________ ______________ _________ Step Waveform

____________ ______________ _________ Step Waveform

Al Accuracy during Ramping Down

100

80

60
40-

20-

"2/23/04
11:54:58

2/23/04 2/23/04 2/23/04
11:55:41 11:56:24 11:57:07

2/23/04
11:57:50

ý * 1,BL,506
-c,,•- 2, BL, 215 2,BL,283 1

-.- 1,BL,506 2,BL,283 1-2,BL,215

Figure B.2-2. Al Accuracy during Ramping Down.

Table B.2.3. Al Accuracy during Ramping Down 2.

B-4 Non-Proprietary I



Environmental Test Report Attachment TS901-000-23 
Rev B ý

1,IiL.JUO Sten Waveform
StD Waefr

Step Waveform

Step Waveform

Step Waveform

Step Waveform

2,BL,215

Step Waveform

Step Waveform

Step Waveform

Step Waveform

Step Waveform

Al Accuracy 2 - during Ramping Down

80 - ";. . . .

20 4 :

2/23/04 2/23/04 2/23/04 2/23/04 2/23/04 2/23/04 2/23/04 2/23/04 2/23/04
13:03:2 13:04:0 13:04:4 13:05:3 13:06:1 13:06:5 13:07:4 13:08:2 13:09:0

2 5 8 1 4 8 1 4 7

1, BBL,506 --- 2,BL,215 2,BL,283

Figure B.2-3. Al Accuracy during Ramping Down.

B.2.3 At the End of 40°F
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Table B.2.4. Al Accuracy at the end of 40'F.

ValueExpected, DeviationlTag Name Time .Stamp Vle escrtion

1,BL,506 Step Waveform

Step Waveform

Step Waveform

Step Waveform

Step Waveform
2,BL,215

Step Waveform

Step Waveform

Step Waveform

_ Step Waveform

_ _Step Waveform

Al Accuracy during 40 F

100

80 -

60

40 -- __

2/24/04 2/24/04 2/24/04 2/24/04 2/24/04 2/24/04 2/24/04 2/24/04 2/24/04
6:37:26 6:40:19 6:43:12 6:46:05 6:48:58 6:51:50 6:54:43 6:57:36 7:00:29

e1 -BL,506-ný-2,BL,215 2,BL,283]

Figure B.2-4. Al Accuracy during 40'F.
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B.2.4 At Ambient Room Temperature

The following table ,and chart shows the automated Al accuracy testing results during
post-environmental test phase.

Table B.2.5. Al Accuracy at Ambient Room Temperature.

1,BL .b•t Step Waveform

Step Waveform

Step Waveform

Step Waveform

Step Waveform

2.BL,215
Step Waveform
Step Waveform

Step Waveform

Step Waveform

Step Waveform
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Table B.2.6. Al Accuracy at Ambient Room Temperature 2.

IJ3L,.)UO Step Waveform

SteD Waveform
-1- + -, --- 4

Step Waveform
Sten Waveform

+~te Waveform__
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16:40:48 16:42:14 16:43:41 16:45:07 16:46:34 16:48:00- 16:49:26
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Figure B.2-5. Al Accuracy at, Ambient Room Temperature.

B.3 AUTOMATED AO ACCURACY (SECTION 4.2)

The tolerance limits established during pre-qualification test (Attachment A) is ±0.49%.

B.3.1 At the End of 140'F

The following table and chart shows the automated AO accuracy testing results at the end
of 140'F heat test phase. The test result 0.22% is within the tolerance limits.
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Table B.3.1. AO Accuracy at the end of 140 'F.

Ta~ae ie ta alue Description Epce <D~eviation
Tag;NaN (0/.tam N()(Oo

2,BL,211

Step Waveform
Step Waveform
Step Waveform
Step Waveform
Step Waveform

AO Accuracy during 140F

1008

80

2/22/04
17:06:00

2/22/04 2/22/04 2/22/04 2/22/04 2/22/04
17:06:43 17:07:26 17:08:10 17:08:53 17:09:36

* 1,BL,554 --c- 2,BL,211

Figure B.3-1. AO Accuracy during 140 'F.

B.3.2 During Ramping Down Period

The following chart and table shows AO accuracy tests performed during the ramp down
period after Wyle's power cord trips. The tests were started three times during the
temperature ramp down periods; however, the repeated power outages resulted in loss of
data for all but one of these tests. The purpose of running this test was to confirm that the
Test Specimen .had been restored to normal operating condition following these power
losses. It was not intended to be part of the scheduled test record.
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Table B.3.2. AO Accuracy during Ramping Down.

2,BL,211

Step Waveform
Step Waveform
Step Waveform
Step Waveform

Step Waveform

AO Accuracy 2 during Ramping Down

80

60 X

.40

20

0
2/23/04 2/23/04 2/23/04 2/23/04 2/23/04 2/23/04 2/23/04 2/23/04 2/23/04
13:03:22 13:04:05 13:04:48 13:05:31.13:06:14 13:06:58 13:07:41 13:08:24 13:09:07

-*-1,BL,554 --M-2,BL,211]

Figure B.3-2. AO Accuracy during Ramping Down.

B.3.3 At the End of 40'F

The following table and chart shows the automated AO accuracy testing results at the end
of 407F cold test phase. The test result 0.20% is within the tolerance limits.

Table B.3.3. AO Accuracy at the end of 40'F.

2,BL,21I
Step Waveform
Step Waveform
Step Waveform
Step Waveform
Step Waveform
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AO Accuracy during 40 F

100

80

60

40

20
0 ,

2/24/04 2/24/04 2/24/04 2/24/04 2/24/04 2/24/
6:40:19 6:43:12 6:46:05 6:48:58 6:51:50 6:54:

--- 1,BL,554 ---- 2,BL,211

!04 2/24/04 2/24/04
43 6:57:36 7:00:29

Figure B.3-3. AO Accuracy during 40 'F.

B.3.4 At Ambient Room Temperature

The AO test did not run immediately following the return to ambient temperature because
the test signal generator did not operate at that time. However, this test was run and
reported as. part of the Pre EMI test. The AO accuracy was found to be within the
acceptance criteria for that test.

B.4 RTD ACCURACY (SECTION 4.2)

B.4.1 At the End of 140 'F

The following figure shows how the block value related to RTD channels changed during
the 48 hours of 140 'F heat test. This change was caused by an increase in the values of
the load resisters being used to simulate RTD elements.
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RTD during 140F

120 -

100
80

40

2120104 2/21/04 2/21104 2/22/04 2/22/04
12:00:00 0:00:00 12:00:00 0:00:00 12:00:00

- 1,BL, 10
S1,BL,528

1,BL,546

1,BL,548

Figure B.4-1. RTD at the end of 140 'F.

Table B.4.1. Resistance Change in Ohms of Loaded Resistors for RTD.

1
2.
3
4
5
6

.7

8
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Table B.4.2. AIC Count Span Changes - RTD Related.

Old Count Span

New Count Span

B.4.2 During Ramping Down Period

RTD during Ramping Down

100 .. ..

80
6 0
40 ~ ~ 4
20 __ , e

2/23/04 2/23/04 2/23/04 2/23/04 2/23/04 2/23/04 2/23/04 2/23/04 2/23/04
8:24:00 9:36:00 10:48:00 12:00:00 13:12:00 14:24:00 15:36:00 16:48:00 18:00:00

I 4 1 ,BL, 10 --C1 ,BL;528 1,BL,546 -. 1,BL,548 [

Figure B.4-2. RTD during Ramping Down.

B.4.3 At the End of 40 IF
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Table B.4.3. RTD at the end of 40 'F.

Tag Name -"_Time Stamp_ Valu• e Description ,

1,BL,10 i
1 ,BL,528
1,BL,546............... B 5 4 ................................... .......... ..........1 ,BL,548

Simulated RTD Signal
Simulated RTD Signal

... O t to... ............................... ................. -" .S .ma e d T s ig.a. .. i • Output of 1,AI,963

B.4.4 At Ambient Room Temperature

RTD remained the same as in 40 'F degree.

B.5 DIGITAL RESPONSE TIME TEST

The tolerance limits established during baseline testing is as follows:

Table B.5.1. Digital Response during Pre-Qualification.

B.5.1 At the End of 140 OF

The following table shows digital response time test results for the Environmental Stress
Test. The averaged digital response time results from the environmental tests are
presented in this table.

Table B.5.2. Digital Response at the end of 140 'F.

140 OF

40 OF

Ambient
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The following figure shows the distribution of digital response time at the end of 140 IF
heat test.

I

Digital Response, 140 IF

70 - ...... -

60

50 
(3-2)

-..164-(4-3)
u)40 (5-4)

:0' 30 -- (6-5)
2 0 V ,,...., ,• •i ( 7 -6 )

10

0
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2

Time Bin (s)

Figure B.5-1. Digital Response at the end of 140 IF.

B.5.2 At the End of 40 °F

The following figure shows the distribution of digital response time at the end of 40'F
cold test.

B-15 Non-Proprietary



Environmental Test Report Attachment TS901-000-23 Rev B

Digital Response, 40 OF

90

7070+ (4-3)
60 (5-4)

E 50
0 40 (6-5)

30 (76
20 ... . .0... (1-7)

10

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2

Time Bin (%)

Figure B.5-2. Digital Response Time at 40 OF

B.5.3 At Ambient Room Temperature

The following chart shows the distribution of digital response time during the post
environmental test.
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Response Time, Ambient

90

60 -•....... •• (4-3)

40 (.6-5)

0 A (7-6)

20

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2

Time Bin (s)

Figure B.5-3. Digital Response Time at Ambient Room Temperature.

Conclusion: The digital response results met the acceptance criteria.

B.6 ANALOG RESPONSE TIME TEST

Table B.6-1 and B.6-2 show baseline testing results for the analog response'time test.
Half of the data necessary for calculating the response time was not preserved because
the SOE data for the output transition from the DO signal was not preserved. However,
the analog value data in the TSAP algorithm was preserved and provides a basis of
comparison with the baseline data. The value of this data is to indicate if there are any
large variations in the processing characteristics of the analog input card and the TSAP
due to thermal stress.
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Table B.6.1. Analog Response Time Test Result - Prequalification.

Average period of trip waveform: 20.005 seconds

Average reset period Average set period

AVERAGE DEVIATION Average deviation from
FROM THE MEAN the mean

Table B.6.2. Equation Interpreter Processing Cycles.

Total No. of cycles logged:

Maximum No. Minimum cycle time

Minimum No. Maximum cycle time

Average No. Average cycle time

Deviation from the mean Deviation from the mean

B.6.1 At the End of 140 °F

The operability and prudency tests for the high temperature phase of the environmental
test were run from 5:00 PM to 9:00 PM of 2/22/04 after completion of the high
temperature and humidity period. The analog response time test was run as part of the
other automated tests and then as a background test for the power quality test. Table B.6-
3 summarizes the logged results for both of these tests with 1,DO,401 Signal Transition
Values.

Table B.6.3. Analog Response at 140 °F.

Average

Deviation

B.6.2 At the End of 40 OF

According to the master test plan and the Environmental Stress Test Procedure (TP0404),
the automated operability tests were to be run after the test specimen had been in the low
temperature and humidity environment for a minimum period of 8 hours. However, the
test specimen experienced repeated power problems due to tripping of the Wyle power
source during the ramp down interval, which extended through the entire day of 2/23/04.
Consequently, the automated analog response time tests were actually run three times:
once at the end of the ramp down period, and twice the next day before the start of the
ramp back up to ambient temperature and humidity. Table B.6-4 presents the results for
both executions of the analog response time test for comparison.
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Table B.6.4. Analog Response Time Test at 40 'F.

End of Ramp Down (4:30
PM 2 /23/04)

Average
.4 I.

Deviation

End of Low Temperature Average ______ ____ _____

Period (7:00 AM 2/24/04) Deviation

End of Low Temperature Average
Period .(10:00 AM 2/24/04). Deviation

B.6.3 At Ambient Room Temperature

The post test was conducted following a 4-hour ramp up to ambient temperature and an
additional hour at ambient for system stabilization. The table below lists the results
obtained during this period of testing.

Table B.6.5. Analog Response Time at Ambient-Room Temperature.

Average

Deviation

B.6.4 Conclusion

Table B.6.6 below lists the baseline results for the automated analog response time test
and the percentage deviation observed during the present test. No large variations are
observed in this table.

Table B.6.6. Comparison of Analog Response Time Test Results.

Set Period

Reset Period

Total Period
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B.7 DISCRETE INPUT OPERABILITY TEST

These tests were conducted through various environmental conditions to evaluate the
discrete input operability. The tests were performed at 1400 F, at 40' F, at ambient
temperature, and after seismic stresses.

Each channel cycled the input voltage a total of three times. The acceptance criteria are
as follows:

" The DI. set voltage level is guaranteed at 20 VDC.
" The maximum input voltage is guaranteed to be 53 VDC.
o The guaranteed dropout voltage is 12 to 15 VDC.

The test results are provided in the following tables.

Table B.7.1. Discrete Input Test at 140 IF.

Set Voltage
Threshold (V)

Maximum Input
Voltage (V) _

Dropout Voltage
(V) _

Table B.7.2. Discrete Input at 40 IF.

Card-Tp UneTs
<Test -- --i DI16I ~jDC34~ DC3~3

1 2 3 Average ~1 <1 2 3 "Nverage Ž19 2~ 3 *ve rage
Set Voltage

Threshold (V)

Maximum Input
Voltage (V)

Dropout Voltage
(V) I

Table B.7.3. Discrete Input at Ambient Room Temperature.

---- ~ ~ ~ K Card Type Under-Test- -----

1...3 verag 1 j2 1 3 erag I 2 3 ... .e

Set Voltage
Threshold (V)

Maximum Input
Voltage (V) _

Dropout Voltage
(V) I
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The following graphs show the Set Voltage Threshold and the Dropout Voltage:

Set Voltage Threshold

16 - -15 5 - 16 1 ...... 3
15

14.5 - ;"•• • • . . i !

0 14 5

13.5 .. .. .

135-

12.5

12 , :..

.1 2 3 1 2 3 1 2 3
Cycle

ErTest at 40 F EOTest at Ambient OTest at 140 F MPost Seismic Test

Figure B.7-1. Comparison of Test Results - Set Voltage Threshold.

Dropout Voltage

16

15.5

15

,14.5
6 14

13.5

13

12.5,

12

1 2 3 1 2 3 1 2 3
Cycle

IMTest at 40 F [] Test at Ambient [] Test at 140 F [M Post Seismic Test
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Figure B.7-2. Comparison of Test Results - Dropout Voltage

The DI channels met all of the acceptance criteria for the set voltage level, dropout
voltage, and the maximum input voltage through all of the environmental stress. The set
voltage was always less than 20 Vdc and the dropout always occurred before the 12 Vdc
minimum regardless of the temperature. There was no significant change in the DI
channel operation as a result of the environmental stresses. The deviations noted reflect
changes in resistance characteristics with temperature. All such changes were within
acceptable limits.

B.8 DISCRETE OUTPUT OPERABILITY TEST

The discrete output operability test demonstrates the capability of each type of discrete
output channel to operate within its specified range of loading conditions. In order to
accomplish this, the channel under test was energized while connected to a simulated
field load that imposes maximum loading on the channel. The test demonstrates the
capability for individual channels to sustain maximum loading conditions without failure
and without affecting operation of adjacent channels. The. discrete output operability test
was conducted while the system was at 400 F, 140' F, and ambient temperature.

B.8.1 Relay DO Channel Operability Test (Section 4.4.1)

The operability test of the 48 VDC relay DO channels was conducted on a selected HFC-
DO8J module. Table B.8-1 lists the results of the measurements taken.

Table B.8.1. DO Channels.During Environmental Temperature Test.

Contact
Resistance

(a)

140 OF
+ 4 4 4

40 OF

Ambient

Test Load 140 OF
Applied 40 OF
(Amps)~ Ambient _ _ _ _ _ _

The relays for the DO channels were specified to operate at 5 Amps at 30 VDC for
resistive load. Throughout all testing, the DO channels remained operational with a
maximum current load above 9 A at 48 VDC, exceeding the specified requirement.
Relay performance and contact characteristics are not significantly impacted by thermal
stress within the limits of this test.
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B.8.2 120 VAC DO Channel Operability (Section 4.4.2)

The values in the table below record the resistance of the external set and
connected to the 120 VAC DO channels of the HFC-DC33 selected for test..
was not physically located inside the environmental chamber.

Table B.8.2. DC33 Set and Reset Coil Resistance.

Set Cil Resistnce
Test Resistance~

40 'F

140 *F

Ambient Temperature

Average

reset coils
This relay

The following figures are examples of the screen captures of the output response signal
across the set and reset coils. Values were taken from these screen captures to produce
the tabulated results. It should be noted that values obtained from screen captures
establish bounds but cannot be considered precise.

A90.0 Vrms

89.9 Vrms

Figure B.8-1. DC33 40 IF Test at Set Coil with Input Voltage Set to 90 VAC at 47
Hz.

130 V
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127.26 V

Figure B.8-2. DC33 40 'F Test at Set Coil with Input Voltage Set to 130 VAC at 63
Hz.

For 127.26 waveform, note -that the indicated voltage is too low because it includes part
of de-energized period in average.

88.3 Vrms

<-20 Vpp >= -240
88.375 84.84
Reverse EMF > -200
V peak

Figure B.8-3. DC33 40 'F Test at Reset Coil with Input Voltage Set to 90 VAC at
47Hz.
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Table B.8.3. DC33 Set Coil Output Response Signal During 40 IF Temperature
Test.

Set coil and input set to 89.9 VAC at 47 Hz
Off state leak 34.6 mA
Peak Response signal on activation of solenoid circuit
Peak in-rush current (resistance= 79.16 Q)
Steady-state output
Maximum steady-state current (resistance= 78.74 Q) ,
On state voltage drop
Set coil and input set to 130 VAC at 63 Hz
Leakage 64.9 mA
Peak Response signal on activation of solenoid circuit
Peak in-rush current (resistance= 79.16 Q)
Steady-state output
Maximum steady-state current (resistance= 78.74 0)
On state voltage drop
Reverse EMF >200 V (clipped)

Table B.8.4. DC33 Reset Coil Output Response Signal:During 40 °F Temperature
Test.

Reset coil and input set to 88.3 VAC at 47 Hz
Off State Leak 15.4 mA
Peak Response signal on activation of solenoid circuit
Peak in-rush current (resistance= 439.79 0)
Steady-state output
Maximum steady-state current (resistance= 439.79 Q)
On state voltage drop
Reset coil and input set to 128 VAC at 63 Hz
No leakage value was measured because probe came disconnected
Peak Response signal on activation of solenoid circuit
Peak in-rush current (resistance= 439.79 -)
Steady-state output
Maximum steady-state current (resistance= 439.79 Q)
On state voltage drop
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Reset
Vpp - 330
Vrms - 116.7

Reverse EMF
>580 V

Figure B.8-4. DC33 140 IF Test at Reset Coil- Input Voltage Set to 120VAC at 58
Hz.

Table B.8.5. DC33 Set Coil Output Response Signal During 140 IF Test.

Set coil and input voltage not recorded
120 V 60 HZ
Peak Response signal on activation of solenoid circuit
Peak in-rush current (resistance= 79.16 n)
Steady-state output
Maximum steady-state current (resistance= 79.16 02)
On state voltage drop
Set coil and input voltage not recorded
130 V 63 HZ
Peak Response signal on activation of solenoid circuit
Peak in-rush current (resistance= 79.16 Q)
Steady-state output
Maximum steady-state current (resistance= 79.16 0i)
On state voltage drop
No reverse EMF. Off state leak not measured
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Table B.8.6. DC33 Reset Coil Output Response Signal During 140 IF Test.

Reset coil and input voltage not recorded
Off state leakage not measured
Peak Response signal on activation of solenoid circuit
Peak in-rush current (resistance= 439.79 Q)
Steady-state output
Maximum steady-state current (resistance= 439.79 Q)
On state voltage drop
Reverse EMF > 580 V
Reset coil and input voltage not recorded
Peak Response signal on activation of solenoid circuit
Peak in-rush current (resistance= 439.79 Q)
Steady-state output
Maximum steady-state current (resistance= 439.79 0i2)
On state voltage drop
Reverse EMF >240 V (clipped)

Table B.8.7. DC33 Set Coil Output Response Signal During Ambient Test.

Set coil and input set to 90.6 VAC at 47 Hz
Leakage was not captured
Peak Response signal on activation of solenoid circuit
Peak in-rush current (resistance= 79.16 Q2)
Steady-state output
Maximum steady-state current (resistance= 79.16 Q)
On state voltage drop
Set coil and input set to 130 VAC at 63 Hz
Leakage 2.00 V 25.3 mA
Peak Response signal on activation of solenoid circuit
Peak in-rush current (resistance= 79.16 Q)
Steady-state output
Maximum steady-state current (resistance= 79.16 Q)
On state voltage drop
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Table B.8.8. DC33 Reset Coil Output Response Signal During Ambient Test.

Reset coil and input set to 90.4 VAC at 63 Hz
Off state leakage not.captured for low voltage
Peak Response signal on activation of solenoid circuit
Peak in-rush current (resistance= 439.79 Q)
Steady-state output
Maximum steady-state current (resistance= 439.79 Qi)
On state voltage drop
Reset coiland input set to 129YVAC at 63 Hz
Leakage 7.17 V 16.3 mA
Peak Response signal on activation of solenoid circuit
Peak in-rush current (resistance= 439.79 Qi)
Steady-state output
Maximum steady-state current (resistance= 439.79 Q)
On state voltage drop
Reverse EMF 580 V

The following shows the off state leakage current:

2.74 Vrr

Figure B.8-5. DC33 40 'F Set Coil Off State Leakage Current- 90 VAC at 47 Hz.

The following -test results of the discrete 120 VAC output operability test met the
acceptance criteria:

* The output was required to operate at the minimum of 90 VAC at 47 Hz and the
maximum of 130 VAC at 63 Hz. The set and reset relay operation was tested

s
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with 90 VAC at 47 Hz and 130 VAC at 63 Hz, which showed it met the
acceptance criteria. It was not tested at 140' F at 90 VAC due to power trip
problem. If the low voltage capability is necessary for a specific project, a project
specific test may need to be run.

" Must support in rush up to 2 A as a minimum. The input voltage was set to
130.32 VAC with the steady state current across the set coil at 2.35 Amps during
post seismic testing. Therefore, the card was tested at 0.35 Amps above the
minimum in-rush current capacity as required.

* Must support steady state current up to 0.5 A as a minimum. The maximum
steady state current of 2.35 Amps was noted to be through the set coil circuit
when the input voltage was 130 VAC. This was within the 10 Amp capacity of
the DC33 card and demonstrated acceptable performance of the DC33 at this
current level.

* The output was required to have less than 2 VAC on state voltage drop at the
maximum voltage and current levels. Measurements did not provide precise
values but maximum limits of <3.5 Vrms under all conditions. Based on an
evaluation of the components used in the design of the assembly, this on state
voltage drop is considered acceptable.

* The off state leakage current which was measured ranged from 15.4 to 64.9 mA.
It was not captured in several instances; however, that data was not significant to
the overall performance of the module. These values are greater than the
acceptance criterion of 2 ma and greater than those sited in baseline report, but are
well within the limit (<80% of set current) specified by EPRI. See Section 10 of
the Baseline Report for a more detailed explanation of why these results are
acceptable.

Conclusions:
Overall the capability of the DC33 module to control a 120 VAC relay was not
adversely impacted by temperature stress.

B.8.3 125 VDC DO Channel Test (Section 4.4.3)

The values in the table below were the set and reset coil resistances used to calculate the
current levels for the DC34. The average resistance value was used because relay was
outside the environmental chamber.
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Table B.8.9. DC34 Set and Reset Coil Resistance.

140 *F

40 'F

Ambient Temperature

Average

The values in the table were the set and reset coil resistances used to calculate the current
levels for the DC33. The following tables provide the results from the oscilloscope
screen captures:

Table B.8.10. DC34 Set Coil Output Response Signal During 140 IF Test.

Set coil and input voltage was not recorded
Peak Response signal on activation of solenoid circuit
Peak in-rush current (resistance= 1002.7 Q)
Steady-state output
Maximum steady-state current (resistance= 1002.7 Q)
On state voltage drop
Set coil and leakage was not recorded
Peak Response signal on activation of solenoid circuit
Peak in-rush current (resistance= 1002.7 Q)
Steady-state output
Maximum steady-state current (resistance= 1002.7 Q)
On state voltage drop

Table B.8.11. DC34 Reset Coil Output Response Signal During 140 IF Test.

Reset coil
Reverse EMF >570 V
Peak Response signal on activation of solenoid circuit
Peak in-rush current (resistance= 454.9 Q2)
Steady-state output
Maximum steady-state current (resistance= 454.9 Q2)

On state voltage drop
Reset coil
Reverse EMF >570 V
Peak Response signal on activation of solenoid circuit
Peak in-rush current (resistance= 454.9 ()
Steady-state output
Maximum steady-state current (resistance= 454.9 Q2)
On state voltage drop
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>=135V

II II ~

Figure B.8-6. DC34 40 IF Test at Set Coil with Input Voltage Set to 140 VDC.

Peak >=89 V
Reverse >200

Figure B.8-7. DC34 40 OF Test at Reset Coil with Input Voltage Set to 90 VDC.
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Peak- 135V

Reverse
EMF >200 V

Figure B.8-8. DC34 40 'F Test at Reset Coil with Input Voltage Set to 140 VDC.

Table B.8.12. DC34 Set Coil Output Response Signal During 40 'F Temperature
Test.

Set coil and input set to 89.9 VDC
Off state leakage 1.79 V 1.8 mA
Peak Response signal on activation of solenoid circuit
Peak in-rush current (resistance= 1002.7 Q)
Steady-state output ]
Maximum steady-state current (resistance= 1002.7 0i)
On state voltage drop
Set coil and input set to 140 VDC
Leakage 1.44 V 1.4 mA
Peak Response signal on activation of solenoid circuit
Peak in-rush current (resistance= 1002.7 0)
Steady-state output
Maximum steady-state current (resistance= 1002.7 Q)
On state voltage drop
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Table B.8.13. DC34 Reset Coil Output Response Signal During 40 'F Temperature
Test.

Reset coil and input set to 90 VDC
Offstate leakage 2.15 V 4.7 mA Reverse EMF >200 V
Peak Response signal on activation of solenoid circuit
Peak in-rush current (resistance= 454.9Q)
Steady-state output
Maximum steady-state current (resistance= 454.9 92)
On state voltage drop
Reset coil and input set to 140 VDC
Off state leakage 2.17 V 4.8 mA
Peak Response signal on activation of solenoid circuit
Peak in-rush current (resistance= 454.9 0)
Steady-state output
Maximum steady-state current (resistance= 454.9 Q)
On state voltage drop

Table B.8.14. DC34 Set Coil Output Response Signal During Ambient Test.

Set coil and input set to 90M2 VDC
Off state leak 1.32 V 1.3 mA
Peak Response signal on activation of solenoid circuit
Peak in-rush current (resistance= 1002.7 0)
Steady-state output
Maximum steady-state current (resistance= 1002.7 Q)
On state voltage drop
Set coil and input set to 140 VDC
Offstate leak 1.3 V 1.3 mA
Peak Response signal on activation of solenoid circuit
Peak in-rush current (resistance= 1004 Q)
Steady-state output
Maximum steady-state current (resistance= 1004 Q)
On state voltage drop

Table B.8.15. DC34 Reset Coil Output Response Signal During Ambient Test.

Reset coil and input set to 89.6 VDC
Reverse EMF >220 V leak 1.62 V 3.56 mA
Peak Response signal on activation of solenoid circuit
Peak in-rush current (resistance= 454.9 Q2)
Steady-state output
Maximum steady-state current (resistance= 454.9 Q)
On state voltage drop
Reset coil and input set to 140 VDC
Reverse EMF > 220 V leak 1.66 V, 3.65 mA
Peak Response signal on activation of solenoid circuit
Peak in-rush current (resistance= 454.9 Q)
Steady-state output
Maximum steady-state current (resistance= 454.9 Q)
On state voltage drop
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The reset coils showed a reverse EMF pulse upon deactivation throughout all of the
environmental tests except the test at ambient temperature. Detection of reverse EMF
varies with the way the signals were measured. Observation is not significant.

Figure B.8-9. DC34 40 'F Test at Set Coil Off State Leakage Current- 90 VDC.

The following test results of the discrete 125 VDC output operability test met the
acceptance criteria:

* The output was required to operate at the minimum of 90 VDC and the maximum
of 140 VDC. Test verified acceptable performance over required voltage range.

o The channel was required to support up to 2 A of current as a minimum.
Instantaneous current occurred with a reverse EMF of 570 VDC for a current
level of 1.25 A. The onboard hardware is rated for l1 A. The interface cabling
demonstrated the ability to carry > 9A.

* The channelwas required to support a steady state current of 0.5 A as a minimum.
The test demonstrated up to 0.3 A. The hardware is rated to 1I A. The interface
cabling demonstrated the ability to carry > 9A.

* The output was required to have less than 2 VDC on state voltage drop at the
maximum voltage and current levels. For the 140 'F and ambient temperature
cases, this criterion was. met. For the 40 'F case, the data record confirmed that
the results were less than 5 V, but the resolution of the-measurement was not fine
enough to confirm that the 2 VDC acceptance criterion was met. There was no
adverse impact of the potentially higher on state voltage drop at 40 'F because the
relay continued normal operation. Since it was not under environmental stress as
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the Test Specimen was, the control function continued to operate normally. If this
is a critical item for a specific project, a project specific test may need to be run to
confirm compliance with the acceptance criterion.

* The results are consistent with the baseline results.

Conclusions:
The capability of the DC34 module to control a 125 VDC was not impacted or
degraded by temperature stress.

B.9 COMMUNICATION OPERABILITY

B.9.1 Ramp Down Period

The communication operability test on the ICL was performed manually by checking the
ICL error counters over a period of 8 minutes. The following table shows the test results:

o AI4K cards showed errors. These modules consistently reported a station error
due to a known internal software error. The software error read a status input
incorrectly, resulting in a nuisance alarm which had no other impact on the test
results. This error has subsequently been corrected.

* The error counters indicate that all cards for Rack 2 had problems. On the testing
log, it says that at 2/23/04 3:30, some loose connectors were found on the rear of
the TSAP. They were then pushed back in. (This showed on Wyle's log event
47-55.) After that, rack 2 started communicating as demonstrated by the 40 'F
case in Table B.9.2 and subsequent tests; Since the Communication Operability-
Test was not required to be run during the Ramp Down Period, this problem had
no impact on the test results.

Table B.9.1. ICL Error Counters - Ramp Down Period

Remote 1 1 d-h-m-s
0 KPD16

1 KPD16

3 KPD16

5 KDI16

6 KD08

7 KDO8

4 + +

4 + 4
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ob rUIi tI
37 KD116 _

38 KDO8
39 KDO8 _

40 KDO8 I
48 KAIO
49 KAO8
50 KAIO _

51 KAIO _

52 KAI16
53 KAI16 _

54 KAO8
56 KAI8
57 KAIO _

58 KA18 __

59 KAI8
60 KAI8 _

B.9.2 40 OF Cold Test II
For the ICL error counters, only the AI4K card showed errors. The reasons are the same
as explained before and can be disregarded.

Table B.9.2. ICL Error Counters at 40 OF.

Cad Start End ConStation~ ' ~ on o~t Start Time Stop T~ime ~Duration Commenti4T ~ype CutCn Differec
Remote 1

0 KPD16
1 KPD16 _

3 KPD16 _

5 KDI16 _

6 KDO8 _

7 KD08 _

16 KD116 I
17 KPD16 _

19 KDI16 _

20 KPD16 _

22 KDI16 i
23 KDO8
24 KD08
25 KDI16 _
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Cr __SatEnd, Count -TmI~u~ainCmet
'Station Cad~at~Start Time Stop Tm uainCmet

WType 4 Count -Count ýDifference .

26 KPD16 _

36 KDI16 _

37 KD116 _

38 KDO8 _

39 KD08 _

40 KD08 _

48 KAIO I
49 KAO8 _

50 KAIO _

51 KAIO
52 KA116
53 KA116 _

54 KAO8 _

56 KAI8 _

57 KAIO I
0 KAI8 _

0 KAI8 _

60 KA18 _

B.9.3 At Ambient Room Temperature

During the Ambient Temperature test, the Communication Operability test was

performed at 2/14/04 4:42 for about 5 minutes. The following table shows the ICL error
counters at ambient room temperature. Only the AI4K card shows errors. The reasons

are the same as explained before and can be disregarded.

Table B.9.3. ICL Error Counters at Ambient Room Temperature.

Card' Star-t 'End Commetnt
Sain Type Ctounit Count ifferen Start Time Stop Time Duration men

Remote 1 d-h-m-s
0 KPD16 _

1 KPD16
3 KPD16 _

5 KDI16

6 KDO8 _

7 KDO8 __"__

16 KDI16 i
17 KPD16 I
19 KDI16 _

20 KPD16 _

22 KDI16 _

23 KDO8 _

24 KDO8 I
25 KDI16 _
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S~atio~ ~Cad Star End Count
SType C ounSa t En Differen Start Time Stop Teime Duration omet

'o 1 Tye CuntCount~<
26 KPD16 _

36 KDI16 _

37 KDI16
38 KD08
39 KDO8 i
40 KD08
48 KAIO _

49 KAO8
50 KAIO _

51 KAIO _

52 KAI16 _

53 KAI16 I
54 KAO8 _

56 KAI8 _

57 KAIO _

0 KAI8 _

0 KAI8 _

60 KA18 _

B.10 TIMER TEST

The timer function is controlled by the main processor OS. The timers controlled two
DO images - that data was transferred via the ICL to a DO8J module, and the resulting
signals were routed to the SOE interface via a cable assembly.

Tables B.10.1, B.10.2 and B. 10.3 summarize the SOE data for the timer test accumulated
during the environmental tests. The parameters listed in the tables are defined as follows:

Preset Value

Duration

Set timer interval in application program in seconds

Measured on/off time in seconds

Duration Deviation The averaged deviation of the observed timer interval expressed as
a percentage value.

Duration Jitter The averaged difference between successive timer intervals
expressed as a percentage value.

Period Total measured period of signal waveform in seconds

Period Deviation The averaged deviation of the measured waveform period
expressed as a percentage.
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Period Jitter The averaged difference of successive periods from the preset
value expressed as a percentage.

B.10.1 At the end of 140 'F

The following table shows the result of the Timer test at the end of 140 'F heat test.

Table B.10.1. Timer Test at 140 'F.

ON

Number of[ T
12 Mesrmn

OFF1 _ _ _ _ _ _

Number of
Measurement

ON

Number of

4,DIAl 1 Measurement ___

OFF

Number of
___Measurement________

Timer performance remains within the tolerance level identified in the Baseline Testing
Summary Report, Section A. 12.

B.10.2 At the end of 40'F

The following table shows the result of the Timer test at the end of 40 'F cold test.

Table B.10.2. Timer Test at 40 'F.

SDuration I Period Period]Preset~ Duration Deito Duration, Period ýDvainJte
Va u s 0 De i to Jitter ( )

ON
Number of

4,DI,12 Measurement

OFF

Number of

Measurement

4,DI,11 ON
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Number of

Measurement ___

OFF j___ ___ _ _ _ ___ _ _ _ _ _ _ _ _ _ _

Number of
Measurement

______ i. ± _______ I _________ ________ .1 ________ I. _________ I

B.10.3 At Ambient Room Temperature

The following table shows the timer test results at Ambient room temperature.

Table B.10.3. Timer Test at Ambient Room Temperature.

ON

4,DI,

Number of
Measurement12- O

OFF

Number of
Measurement

ON

Number of

4,D,11 Measurement

OFF

Number of
Measurement i
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Conclusions:

* No disruption in the timer waveform was observed during any of the environmental
tests.

, All timer periods remained within the theoretical tolerance limit established in the
baseline report.

B.11 POWER QUALITY TOLERANCE TEST (TP0402 SECTION 4.10)

The power quality tolerance test was not a regular part of the operability test. It was
conducted at the end of the high temperature phase of the environmental stress test, and
after completion of the SSE seismic test. Execution of this test was not required before,
during, or after the other qualification tests.

The Test Specimen being qualified has one set of redundant power supply modules for
the HFC-6000 chassis. This test verified the capability of the power supplies to continue
providing adequate operating power to the control system under varying conditions of
source power quality.

B.11.1 Acceptance Criteria

The acceptance criteria for power quality test is as follows:

* While source power was between 90 to 150 VAC and 57 to 63 Hz, the output
voltage level produced by the power supply remained within ±0.1% of its set-
point level.

o No power supply dropout alarm occurred while the source power was within the
specified range.

" The undervoltage protection tripped the power supply output and the power
supply produced a system status alarm.

* The overvoltage protection trips the power supply output and the power supply
produces a system status alarm.

* The power supply recovers from overvoltage and undervoltage conditions.
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Table B.11.1. Initial Power Module Voltage.

Power Module Voltage
24-V Module A 24.015 VDC
24-V Module B 24.026 VDC
48-V Module A 48.041 VDC
48-V Module B 48.036 VDC

The power quality test utilized a variable AC power source with an output tolerance of ±1
VAC and ±1 Hz to power up the, power supplies. The two output power supplies have a
voltage output rating of 24 and 48 VDC. A multimeter was used to monitor the output
voltage level produced by each power supply.

Initially, the automated accuracy, response time, and timer operability tests were enabled
to provide a minimum set of dynamic operations.

B.11.2 Test Evaluation

The power quality test was performed after the high temperature *phase of the
environmental stress test. It was started on 8:10 pm and ended at .8:19 pm, 2/22/04.
However, the output terminals of the 24 and 48 VDC power supplies were not 'readily
accessible during the environmental testing, and the voltages were not measured.
Therefore the first criterion was not evaluated. This is not deemed to be a problem
because the scope of testing is within the manufacturer's range of operation for the
modules used. If demonstration of proper performance within a system environment is
necessary, additional project specific testing may be needed.

The variable AC source was set to 90 VDC at 60 Hz, but after one minute, the power
cord circuit breaker tripped because the 11 Amp AC current was too much current for the
cord. (The power cord. and circuit breaker were not a part to the HFC-6000 system.)
This caused the TSAP to power down.

The variable AC source was then set to 250 VAC at 63 Hz. The power cord did not fail
and the TSAP continued to function. The system continued to operate properly through
the power quality test, except for the brief power interruption due to the -trip in the power
cord.
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Al Accuracy -4-1,BL,506
-•-2,BL,283

100
90

.. 80
70

. 60 -

~50
S40 - iL

30 ___

20 -
10 ... -

2/22/04 2/22/04 2/22/04 2/22/04 2/22/04 2/22/04 2/22/04
20:06:43 20:08:53 20:11:02 20:13:12 20:15:22 20:17:31 20:19:41

Time

Figure B.11-1. Al Accuracy Waveforms during Power Quality Test.

Figure B.11-2. SOE Logged Points during Power Quality Test.

The following table shows the response time during Power Quality Test during
Environmental Stress Test. They are within the tolerance limits of baseline testing.
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Table B.11.2 Power Quality Test Response Time
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HFC-6000 Control System

ERD 11 - Control System Qualification Project

Environmental Testing Summary Report

Appendix C

Environmental Stress Test and Post Tests - Prudency Test
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C.1 GENERAL

This attachment is to document the results of the Prudency Tests during and after the
Environmental Stress Tests as stated in Section 4.2 and 4.3 of the Environmental Stress
Test Procedure TP0404, Rev. C. The acceptance criteria against which the results are
evaluated are provided in Section 5.0 of the test procedure.

The purpose of the prudency tests during and after Environmental stress is to verify that
the system performance was not impacted significantly by the elevated temperature, cold
temperature, or transition from one temperature to another. Test results shall remain
within the tolerance limits established by the baseline testing, as listed in Attachment A
of Baseline Testing Summary Report. Any deviation. from baseline results established
during prequalification testing will be identified and recorded.

The prudency tests were conducted at the end of 140 'F, at the end of 40 'F, and at
ambient room temperature. The tests include digital and analog BOE tests.

C.2 DIGITAL BOE TEST

C.2.1 At the end of 140 'F Period

It was confirmed that every transition was detected for all seven logged digital channels
(4,DI,24 to 4, DI,30) by analyzing the SOE data from the 140 'F environmental stress
test. Analysis of the alarm status files indicate that no link alarm .condition was detected
for the DI cards used for this test.

Abnormal transitions and the corresponding timestamps for all 7 logged digital channels
are listed in Table C.2-1. The abnormal transition at the end of the test, i.e., at around
16:58:37 PM, happened to all monitored digital channels. This anomaly is caused by the
perturbation from stopping the BOE test and thus should not be counted as the transition
exceptions. The numbers in red represents the transition times of relay contact bounce.
Ten contact bounces occurred for channel 4,DI,26 during the test period, compared to
two occurrences for channel 4,DI,26 during the pre-qualification test.

Excluding the occurrences of contact bounces and abnormal transitions caused by the
stopping of BOE test, all the rest of transitions meet the acceptance criteria, which is in
line with the pre-qualification test.

Table C.2.1. Digital BOE Abnormal Transitions in the 140 'F Environmental Stress
Test.

16 57 45
16 57 45
16 57 57
16 57 57
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16 158 11__ _ _ _ _ _ _

16 58 11
16 58 13
16 58 13
16 58 23
16 58 23
16 58 37

Total Number of
Transitions

Total Number of
Contact Bounce

Total Number of
Anomalies

C.2.2 At the end of 40 'F Period

Analysis of SOE data from the 40 'F environmental stress test verifies that every
transition was detected for all seven logged digital channels (4,DI,24 to 4, DI,30). No
link alarm condition was detected for the DI cards used in the test.

Table C.2-2 lists the abnormal transitions and the corresponding timestamps for all 7
logged digital channels. The numbers in red represent the transition times of relay
contact bounce. Two contact bounces occurred for channel 4,DI,30 during the test
period, compared to two occurrences for channel 4,DI,24 and two for 4,DI,26 during the
pre-qualification test.

Excluding the occurrences of contact bounces, all the rest of transitions meet the
acceptance criteria, which is in line with the pre-qualification test.

Table C.2.2. Digital BOE Abnormal Transitions in the 40 'F Environmental Stress
Test.

I j 4j1

9 59 43
Total Number of

Transitions

Total Number of
Contact Bounce

Total Number of
Anomalies
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C.3 ANALOG BOE TEST

C.3.1 At the End of 140 'F
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BOE Source vs. TSAP Als - Environmental Test (BOETest2-140 'F)

100

80 ____

60 ~f2~8
40____

20

0~
16:55:12 16:55:55 16:56:38 16:57:22 16:58:05 16:58:48

I

Figure C.3-1. BOE Control Signal versus TSAP Analog Input Signals in Remote 1
in the 140 'F Environmental Stress Test.

Table C.3.1. TSAP Al Channel Readings and Deviations from BOE Source Signal
in 140 'F Environmental Stress Test.
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TSAP Al vs. TSAP AO - Enviromental Test (BOETest2-140 'F)
100

4Oý 2O~2

160 5 3 2

16:55:12 16:55:55 16:56:38 16:57:22 16:58:05 16:58:48

I

Figure C.3-2. Logged TSAP Al signal (1,AI,882, 1,BL,510) versus Corresponding
TSAP AO Signal (1,AO,922, 2,BL,213) in the 140 'F Environmental Stress Test.

Table C.3.2. TSAP AOs and the Corresponding TSAP AMs in Remotel in the 140 'F
Environmental Stress Test.

C.3.2 At the End of 40 'F

BOE Source vs. TSAP Als - Environmental Test (40 *F)
1009080
60

50 1 BLý51440 1 B ý1"

30 1,BL,5I
20
10 90

9:57:36 9:59:02 10:00:29 10:01:55 10:03:22 10:04:48

Figure C.3-3. BOE Control Signal versus TSAP Analog Input Signals in Remote 1
in the 40 F Environmental Stress Test.
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Table C.3.3. TSAP Al Channel Readings and Deviations from BOE Source Signal
in the 40 'F Environmental Stress Test.

f I
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TSAP Al vs. TSAP AO - Environmental Test (40 F)
100

20 - o

0

9:57:53 9:59:02 10:00:12 10:01:21 10:02:30 10:03:39

Figure C.3-4. Logged TSAP Al signal (1,AI,882, 1,BL,510) versus Corresponding
TSAP AO Signal(1,AO,922, 2,BL,213) in the 40 'F Environmental Stress Test.

Table C.3.4. TSAP AOs and the Corresponding TSAP AIls in Remotel in the 40 'F
Environmental Stress Test.

C-8 Non-Proprietary I



Environmental Test Report Attachment TS901-000-23 Rev B

C.3.3 At Ambient Room Temperature

BOE Source vs. TSAP Als - Environmental Test (Ambient)
100

80 
P L ", 96

60 1 BL.510.1

40

16:41:31 16:42:40 16:43:49 16:44:59 16:46:08 16:47:17

Figure C.3-5. BOE Control Signal versus TSAP Analog Input Signals in Remote 1
in the Post Environmental Stress Test.

Table C.3.5. TSAP Al Channel Readings and Deviations from BOE Source Signal
in the Post Environmental Stress Test.
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TSAP Al vs. TSAP AO - Environmental Test (Ambient)
100

80

60

40 ,

16:41:31

Figure C.3-6. Logged TSAP Al signal (1,AI,882, 1,BL,510) versus Corresponding
TSAP AO Signal(1,AO,922, 2,BL,213) in the Post Environmental Stress Test.
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Table C.3.6. TSAP AOs and the Corresponding TSAP AIs in Remotel in the Post
.Environmental Stress Test.
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HFC-6000 Control System

ERD1 11 - Control System Qualification Project

Environmental Testing Summary Report

Appendix D

Environmental Stress Tests - Static Tests
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D.1 GENERAL

The environmental stress test was run at Wyle Laboratories during, the period from 1:00
PM on February 20, 2004 through 5:00 PM on February 24, 2004. Automated prudency
and operability tests were scheduled to be run prior to the start of the temperature ramp
up, after a minimum period of 48 hours at the high temperature level (1400. F and 95%
RH), after a minimum period of 8 hours at the low temperature level (40' F and 5% RH),
and after a return to ambient temperature. Between the periods while the automated tests
were running, the system was logging internal status and the value of static data points.
The static data points consisted of a set of analog and digital points (TP0405 Tables 1 and
2) that had been set to fixed states during the pretest period. The specific points that were
to be logged are listed in bold in Tables 1 and 2 of TP0405. The internal status points
consist of the first 2000 FL points in each remote that are reserved for system use. These
flags are typically configured for broadcast and are used to control system-level alarms.

D.2 STATIC POINT TEST DATA

D.2.1 Pretest

The static points test consisted of 58 DO channels and 29 AO channels. Most of the DO
channels were controlled either by the digital BOE test (half on, half off) or by one of the
simulated control loops. However, a small number of spare DO channels were
configured by using the memory editor to directly set or clear the memory image for that
point. The analog channels were controlled by the following sources:

" Analog accuracy test (fixed at 10% when test was disabled).
" Analog BOE test,(fixed at 90% where test was disabled).
* Simulated analog loop (set manually from the HPAT interface).
* RTD input channel (input simulated by a fixed resistor).

In each case, the channels were expected to remain static while the automated tests were
disabled. Both the SOE and HAS were used to log the static points data. Table D.2-1
lists the static points that were logged and identifies the source of logged data. All of the
digital static points were hard wired to inputs of the HPAT with selected points being
logged both by the SOE and the HAS. All analog points were logged by the HAS only.
Half of the analog points were hard wired to input points of the HPAT and logged from
an HPAT AIC block; the remainder of the static points were logged from a processing
block within the TSAP. One of the analog points had two sources of logged data.

Table D.2.1. Log Points for Static Data.

Static Point I Data Source -Log Point
Digital Data
1,DO,383 Digital BOE 2,DI,141 Logged by both SOE and HAS

4,DI, 17
1,DO,385 Digital BOE 4,DI,18 Logged by SOE only
1,DO,387 Digital BOE 4,DI,19 Logged by SOE only
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1,DO,401 Analog Response 2,DI,161 Logged by both SOE and HAS
Time 4,DI,10

1,DO,402 Digital BOE 4,DI,33 Logged by SOE only
1,DO,403 Digital BOE 4,DI,34 Logged by SOE only
1,DO,646 Timer Test 4,DI,20 Logged by SOE only
1,DO,648 Digital BOE 4,DI,28 Logged by SOE only
1,DO,668 Digital Response 2,DI,232 Logged by both SOE and HAS

Time 4,DI,9
l,DO,682 Digital BOE 4,DI,29 Logged by SOE only
1,DO,684 Digital BOE 4,DI,30 Logged by SOE only
1,DO,686 Digital BOE 4,DI,31 Logged by SOE only
1,DO,688 Digital BOE 4,DI,32 Logged by SOE only
Analog Static Points
l,AO,801 TA05 1,BL,41 Signal controlled by simulated

closed analog loop. Log point is the
ANO block controlling the AO
channel.

1,AO,843 Analog BOE 2,BL,201 Log point is the AIC block receiving
the signal back from test specimen.

1,AO,861 1,BL,31 1,BL,31 Signal controlled by simulated
closed analog loop. Log point is the
ANO block controlling the AO
channel.

1,AO,921 Al Accuracy 2,BL,215 Log point is AIC block receiving the
signal back from the test specimen.

1,AO,922 Analog BOE 2,BL,213 Log point is AIC block receiving the
signal back from the test specimen.

1,AO,923 AO Accuracy 1,BL,554 Both TSAP ANO block and HPAT
2,BL,21 1 AIC block logged.

1,AO,924 Analog BOE 2,BL,209 Log point is AIC block receiving the
signal back from the test specimen.

1,AO,981 TA05 1,BL,40 Signal controlled by simulated
closed analog loop. Log point is the
SSL block controlling signal
selection.

1,AO,983 1,AI,963 1,BL,548 Signal controlled by RTD input
channel. Log point is ANO block
controlling the AO channel.

1,AO,984 TA05 1,BL,43 Signal controlled by simulated
closed analog loop. Log point is the
ANO block controlling AO channel.

3,AO,61 Analog BOE 2,BL,291 Log point is AIC block receiving the
I signal back from the test specimen.
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D.2.2 High Temperature Period

Ramp up to the high temperature level extended from 1:00 PM to 4:37 PM on 2/20/04,
and the high temperature static interval continued until 4:50 PM on 2/22/04. Both the
digital and the analog static points were configured at the start of the ramp up period and
logged throughout this interval.

D.2.2.1 DigitalStatic Points
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D.2.2.2 Analog Static Points

D.2.2.2.1 Simulated Closed Control Loop
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D.2.2.2.2 Analog BOE Channels

Table D.2.2. Analog BOE Channels during Ramping Up Period.

I ,A'Ou,9O
1 ,AO,922
31,AO,9243,AO,61

/,,DL,LU I

2,BL,213
2,BL,209
2,BL,291 I

D.2.2.2.3 Analog Accuracy Channels

The following
chart summarizes the results of the logged records during ramp up.

Table D.2.3. Analog Accuracy Channels during Ramping Up Period

1 ,AO,923 ,554
,211
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10 ____ -Sns
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9
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Figure D.2-1. 1,BL,215 Log Values.

D.2.2.2.4 RTD Input
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40 ~~

LO Mn M~ Cr - LC) M) Mr r-- LOI

Figure D.2-2. RTD Input Value During 2/20/04.

D.2.3 Ramp to Low. Temperature Test Period

D.2.4 Low Temperature Test Period

D.2.5 Return to Ambient Period
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D.3 ALARM POINT STATUS

HFC control systems include an alarm server utility that monitors every DDB broadcast
and examines the status of every point listed in an alarm configuration table. Certain data
point types (MS, DI, DO, and BL) include a quality word that contains alarm status data
in addition to the point value. The alarm server logs these points whenever their alarm
status changes. Each FL point consists of a single data bit without quality word. When
FL points are included in the alarm configuration table, the alarm server logs every logic
transition. The total alarm log includes seven fields that permit the user to identify the
date, time, point type, and overall status of the points in the log. This data is presented on
a fonnatted display screen of the operator workstation and also recorded in a buffer file
that is stored in the job directory in the folder for Remote 0. Each buffer file contains the
alarm activity for a single 24-hour period, and these files are retained in the job directory
as a historical record of alarm activity and system status.

D.3.1 Link Status

D-9 Non-Proprietary



Environmental Test Report Attachment TS901-000-23 Rev B

Table D.3.1. Station Alarms During the Environmental Test.

V

HFC-DC
HFC-DC
HFC-DI
HFC-DC
HFC-DC
HFC-DI

-34 1
34

161
8J
8J

161

3
65_ _ _ _ _

6 _ _ _ _ _

_ 7 _ _ _ _ _ _ _ _ 1 _ _

16
HFC-DC33 17
HFC-DI161 19
HFC-DC34 20
HFC-DI161 22
HFC-DO8J 23
HFC-DI161 24
HFC-DI161 25
HFC-DC33 26
HFC-DI161 36
HFC-DI161 37
HFC-DO8J 38
HFC-DO8J 39
HFC-DO8J 40
HFC-AO8F 49
HFC-AI16F 52
HFC-AI16F 53
HFC-AO8F 54
HFC-AI8M 56
HFC-A14K 58
HFC-AI4K 59

Nominal number of scan cycles during 24-hour period: 864,000
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D.3.2 System Status Flags

Not all of the system status flags specifically represent alarm conditions, but they can be
used to generate system level alarms for display on the operator workstation. Table D.3-
2 lists the total number of records logged in the alarm files for selected system status
flags during the environmental test. The functions of these flags are as follows:

* A/B Primary - True state indicates that controller A is primary; false state indicates
that',controller B is primary. A transition indicates either controller reset or failover.

" Secondary in Standby - True state indicates that the secondary controller is operating
normally, not primary, and available for failover. If any of these conditions is not
satisfied, the flag will be reset to false.

" EQ Drops Good - True status indicates that the transfer of digital status data from the
primary to the dual-ported memory (DPM) occurred without error. Equation drops
normally occur once per second.

* CQ4 Drops Good - True status indicates that the transfer of analog status data from
the primary to the DPM occurred without error. Equation drops normally occur once
per second.

* FL,1081 thru FL,1088 - This is a status byte that defines overall status of the
secondary controller. The byte value must be 77H for failover to be enabled.

" Secondary Subordinates OK - True status indicates that the two secondary processors
on the secondary controller are operating normally (no mailbox timeout).

* Hardware Port OK

Table D.3.2. System Status Flags During the Environmental Test.

FL, 1048
FL,1049 Secondary in Stby
FL, 1081 EQ Drops Good ____ __________________

FL, 1082 CQ4 Drops Good ____ __________________

FL, 1083 100 List Good ____ ________ ________

FL,1085 EQ Valid ____ ____ __________ ____

FL, 1086 0Q4 Valid_____ ____ _____ __ ________

FL,1087 DB Equalized _____ ____ _____ __________
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FL, 1088

FL,1090

Secondary
Subordinates OK

Hardware Port OK
Nominallv, 86,000 DPM drops occur over a 24-hour period.

i

The significance of these flag transitions is as follows:

D.4 CONCLUSIONS

The essential time line for test events is shown in Table D.4-1. The essential acceptance
criteria for the Digital Static Points Tests, Analog Static Points Tests and System Alarms
and Status Flags tests are as follows:

" Static DO channel tests - Neither energized relay channels nor deenergized
channels exhibit any spurious transitions.

* Static AO channel tests - No AO channel changes by more than 0.05% from its
set value throughout the test period. (Note: The deadband of the HAS logger was
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set to 0.5%, so deviations of 0.05% cannot be observed. Also, this parameter was
taken from EPRI TR-107330 paragraph 4.6.4, which does not apply to the
environmental stress test.)

* If any alarm condition is detected during the environmental stress test, the alarm
state shall not affect overall functional operation of the Test Specimen or TSAP.

Table D.4.1. Test Time Segments.

1:00 PM 2/20/04 to
5:00 PM 2/20/04

Environmental test enclosure closed at 1:00 PM. Ramp. up to the
high temperature and humidity levels occurs over a four-hour period.

5:00 PM 2/20/04 to High temperature and humidity period. No significant disruptions
4:50 PM 2/22/04 noted; static point status logged.
5:00 PM 2/22/04 to Operability and Prudency tests run. Static point values are not
9:00 PM 2/22/04 significant during this period.
9:00 PM 2/22/04 to No clear indication of disruption. Static data logged during this
9:00 AM 2/23/04 period.

Log of 1,CO,50 and system status fiagsshow at least 8 periods of
instability. Each of these correlates directly with power trips caused

9:00 AM 2/23/04 to by overload of the Wyle power cord. The power trips and the
6:00 PM 2/23/04 subsequent execution of automated tests to verify restoration of test

specimen operation invalidates the static point logs during this
period.

6:00 PM 2/23/04 to Low temperature and humidity stress period. Log of 1,CO,50
indicates stable operation, but one of the two controllers was not6:30 AM 2/24/04 rnig
running.

6:30 AM 2/24/04 to Operability and Prudency tests run. Static point values are not
10:00 AM 2/24/04 significant during this period.
10:00 AM 2/24/04 to Ramp up to ambient and temperature stabilization.
2:20 PM 2/24/04
2:20 PM 2/24/04 to Operability and Prudency tests run. Static point values are not
5:00 PM 2/24/04 significant during this period.

D.4.1 Digital Static Points Test Results

No spurious transition was detected for any of the digital static points during, any phase of
the test.

D.4.2 Analog Static Points

D.4.2.1 Simulated Closed Loop Channels

Two of the logged output channels were controlled directly by PID blocks and two were
controlled by the closed loop feedback from the HPAT. During the high temperature
phase of the test, the two channels controlled directly by PID blocks were fixed at their
setpoint value and did not deviate from that value by more than the deadband of the HAS
logger. The two channels controlled by the feedback loop both drifted up to fixed values
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and then remained static. Because the feedback signal is not directly related to the
setpoint value of the source signal, a quantitative evaluation of the signal deviation is not
significant.

Following the power trips that occurred at the end of the high temperature period and
during the ramp down interval, the analog values were not reset to their initial states.
Consequently, the logged data for these points is not meaningful for the remainder of the
environmental test.

D.4.2.2 Analog BOE Channels

The four analog BOE channels included in the test all maintained stable values that
varied by less than the preset deadband of the HAS. The points that were logged
exhibited a degree of stability that was within ± 0.05% of full span, but the absolute value
of each channel deviated from the signal source value by more than this amount, as
shown below. However, these parameters remained stable and exhibited no drift in
excess of the HAS deadband through the test period. In addition, the logged values were
consistent with the values observed for the corresponding points as measured in the
baseline analog prudency test.

Table D.4.2. Static Analog BOE Points.

Sgnal~ Average Value j% Deviation from Signal Sourcej
1 ,AO,843
1 ,AO,922
1,AO,924
1,AO,61

Note: Deviation value is based on % of full span.

D.4.2.3 Analog Accuracy Channels

Two channels controlled by the analog accuracy algorithm were included among the
static channels. HAS records of static data for both channels were obtained for both
channels during the ramp up period, and both values correspond to those that were
obtained for the same blocks during the baseline prequalification tests. The percent
deviation from the source signal is shown below.

Table D.4.3. Static Analog Accuracy Tests.
Sign•\&Average VaeIalue %••/e from Signal Source

1,AO,921
1,AO,923

Note: Deviation value is based on % of full span.

No values were logged for 1,AO,921 after the ramp up period, indicating that it did not
change by more than the HAS deadband value. The HAS did record numerous values for
1,AO,923 during the high temperature phase. Over this interval, its average value was
10.99, or 0.99% (% of full span) above the source signal, and the standard deviation of
the sampled records was 0.41. During the low temperature and ambient phases of the
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test, no records for this point were logged, indicating that it did not change by more than
the HAS deadband. This difference indicates the impact of the elevated temperature on
the analog circuitry on the AI module.

D.4.2.4 RTD Input Channel

The log of records from the RTD input channel exhibits a gradual, but uniform increase
in the reported value. The RTD input signals were simulated with eight matched resistors
having a fixed starting resistance of 130.00 ± 0.25 ohms. During the course of the
environmental stress test, the effective value of all eight resistors increased by about 10
ohms, as shown below. This increase in resistance was sufficient to simulate a
temperature greater that the 1000 C span of the AIC blocks configured for the RTD
channels. Consequently, these channels reported an .over range error and did not return to
normal operation after completion of the environmental test. The overall span configured
for the AIC blocks processing the RTD inputs, were subsequently increased prior to the
start of EMI/RFI testing, and this action returned the module to normal indications for all
channels.

Table D.4.4. Resistance Value of Loaded Resistors for RTD after Environmental
Test.

v lueraI Resistance vaiue after envir~onmental stress test

130.00 + CHI CH2 CH3 CH4 CH5 CH6 CH7 CH8
0.25 141.22 139.52 139.93 139.23 139.23 139.80 138.43 139.90

The results obtained provide reasonable confidence that the RTD input module will
perform reliably in the presence of thermal stress, but the fact that the input signal
changed eliminates the resulting AO signal from being considered a static point.

D.4.3 System Alarms and Status Flags

The link alarm flags indicate that some of the modules exhibited some degree of
sensitivity to elevated temperature. The level of disruption introduced into the ICL
communication by the elevated temperature was insignificant (less than 200 failures to
respond out of 864,000 poll messages per day). All of the modules returned to normal
operation during the cold phase of the test, and no station alarm occurred thereafter.

Overall operation of the controllers was not significantly impacted by the thermal stress.
The entire system was disrupted by the power problems during 2/23/04, but this was not a
planned or intended part of the stress test. Controller B failed to complete initialization
after the cause of the power problem was identified and corrected for reasons that have
not been specifically identified. Controller A continued operating so that the subsequent
dynamic and static tests were not impacted. Failure of a single controller does not
constitute failure of the test as a whole.
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D.4.4 Overall Assessment

The acceptance criteria for the static points are as follows:

* Static DO channel tests - Neither energized relay channels nor deenergized
channels exhibit any spurious transitions.

* Static AO channel tests - No AO channel changes by more than 0.05% from its
set value throughout the test period.

The Test Specimen met that acceptance criteria for the test except for the following minor
considerations:

* Failure of controller B following the last power cycle had no impact on the
performance of the system during the low temperature phase and or subsequent
qualification testing. This will not be considered a failure of the environmental stress
test.

The repeated power trips caused by the Wyle power drop did disrupt several of the
tests, but it did not have any material impact on evaluating the overall test results.
Occurrence of these trips and the resulting disruptions do not constitute a failure of
the test as a whole.

The inputs to the RTD channels did exhibit thermal sensitivity, but the module did
not exhibit any instability. All indications are that the observed deviations were
caused by the simulation resistors, which changed value during the test and did not
return to their original value following completion of the test.

There was no indication of any change in the analog output values; however, the HAS
deadband exceeded the tolerance stipulated by the EPRI specification. Applications
necessitating demonstration of the higher accuracy in the EPRI specification may
need additional project specific testing.
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1.0 PURPOSE

-HFC is generically qualifying its HFC-6000 control system for nuclear safety-related applications in
U.S. nuclear power plants. The approach taken for this qualification effort is based on the guidance
provided in EPRI-TR-107330, Generic Requirement Specification for Qualifying Commercially
Available PLC for Safety-Related Applications in Nuclear Power Plants.

This document specifically addresses the Electromagnetic Interference (EMI), Electrostatic
Discharge (ESD), and Surge Withstand segments of the qualification testing program.

2.0 SCOPE

2.1 Definition of the test setup and EMI/RFI qualification testing performed by Wyle
Laboratories for the HFC-6000 Control System product line.

2.2 Evaluation of Operating and Prudency testing performed before/during/after EMI/RFI
Testing to identify any performance degradation from the pre-qualification Baseline
Operating and Prudency testing performed at HFC.

2.3 Definition of the test setup and ESD qualification testing performed by Wyle Laboratories
for the HFC-6000 Control System product line.

2.4 Evaluation of Operating and Prudency testing performed before/during/after ESD Testing to
identify any performance degradation from the pre-qualification Baseline Operating and
Prudency testing performed at HFC.

2.5 Definition of the test setup and Surge Withstand testing performed by Wyle LaboratOries for
the HFC-6000 Control System product line.

2.6 Evaluation of Operating and Prudency testing performed before/during/after Surge
Withstand Testing, to identify any performance degradation from the pre-qualification
Baseline Operating and Prudency testing performed at HFC.

3.0 REFERENCES

3.1 TS901-000-22 HFC6000 Baseline Testing Summary Report

3.2 TP0402 Operability Test Procedure

3.3 TP0403 Prudency Test Procedure

3.4 VV0414 Master Configuration List

3.5 50044-10 Test Procedure Environmental and EMI Testing of an HFC-6000
Control System (Wyle)
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3.6 50044-01

3.7 TP0407

3.8 TP0409

3.9 TP0406

Test Report Environmental and. EMI Testing of an HFC-6000 Control
System (Wyle)

HFC-6000 Control Systems, ERD 11- Control System Qualification
EMI/RFI Test Procedure

HFC-6000 Control Systems, ERD 11- Control System Qualification
ESD Test Procedure

HFC-6000 Control Systems, ERD111- Control System Qualification
Surge Withstand Test Procedure

4.0 HFC-6000 EMI. ESD. AND SURGE WITHSTAND QUALIFICATION DESCRIPTION

The HFC-6000 control system (Test Specimen) is designed to operate in a wide variety of industrial
applications, fossil power plant, and nuclear power plant applications. The control system hardware
may be installed both in an electrical equipment room and at various other locations near the
equipment under control. The control system hardware and the field equipment both generate
electromagnetic radiation (noise). Potentially the operation of this equipment is susceptible to
degradation or failure due to such noise. In the installation environments, the potential exists for
exposure of sensitive electronic components to high voltage electrostatic discharges. Power,
electrical I/O signal lines, and hardwired communication cables may also be exposed to high
amplitude transient signals. Acceptable levels of EMI/RFI susceptibility, radiation limits, ESD
immunity, and surge withstand are defined in EPRI TR-102323 (later revised by NUREG 1.180
Rev 1).

Testing was performed in accordance with HFC EMI/RFI Test Procedure, HFC ESD Test
Procedure, HFC Surge Withstand Test Procedure and Wyle EMI Test Procedure. Test results are
recorded in the Wyle EMI Test Report, and in the individual HFC Test Procedures.

Wyle Labs test technicians conducted the following specific tests:

o Radiated Susceptibility Test- RS103

* Conducted Susceptibility Test - CS101 and CS 114

* Radiated Emissions Test- RE1O0 and RE102

* ConductedEmissions Test - CE1O0 and CE102

* Electrostatic Discharge (ESD) Test

* Surge Withstand"Capability (SWC) Test

Wyle test personnel conducted the individual test sequences and an HFC test engineer monitored
overall performance of the HFC-6000 Test Specimen.
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5.0 HFC-6000 EMI, ESD AND SURGE WITHSTAND TEST SETUP DESCRIPTION

The HFC-6000 Test Specimen consists of several modular chassis, a power supply rack, a flat panel
display, CSMs and M/A stations for simulated control loops, communication hardware, and
mechanical support structures. The flat panel display, CSM, and M/A station are not within the
scope of the qualification project. The electrical interference testing began after the environmental
stress test was complete. The Test Specimen hardware was set up in the Test Chamber with the
HPAT physically located outside. Electrical, communication, and power cables were reconnected,
and pre testing performed in accordance with the test procedures.

6.0 EM1/RFI. ESD AND SURGE WITHSTAND TESTING

Testing was performed in accordance with HFC EMI/RFI Test Procedure, HFC ESD Test
Procedure, HFC Surge Withstand Test Procedure and Wyle EMI Test Procedure. All test results are
recorded in the Wyle EMI Test Report, and in the individual HFC Test Procedures. The following
sections summarize the testing performed and the results.

6.1 Radiated Susceptibility Test - RS 103

The HFC-6000 Control System was subjected to RS103 Radiated Susceptibility Test, with
radiated electric fieldof 10 V/m and frequency range of 10 KHz to 1 GHz. The test was
executed twice. Once with the antenna positioned at the front center of the Test Specimen
and once with the antenna at the rear center.

According to the Wyle test report, the Test Specimen exhibited immunity to the test signal
except for one DC33 card which went into an alarm state while the interference signal was
being broadcast from the rear (exposed side) of the Test Specimen. Other DC33 cards in the
Test Specimen had no problem during the RS 103 tests.

Summary of Susceptibility Effects:

During the test period, an alarm occurred for a DC33 card at station 26 (rack 2, slot 11). It
alarmed at 490 MHZ of Front Horizontal Test, and about 16 MHZ of Front Vertical Test.
This DC33 card was functioning properly during the Rear Horizontal and Rear Vertical
Tests. There is one other DC33 card in the test specimen and it performed its control
function normally throughout the RS 103 test period without going into an alarm state.

Conclusion:

The DC33 card was shown to be capable of performing its function successfully during
execution of the RS103 test.

Page 8 of 16
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6.2 Conducted Susceptibility Test - CS 101 and CS114

6.2.1 CS101

The HFC-6000 Control System was subjected to the CS1O1 Susceptibility Test. This test
injected a test signal 6.3 Vrms having a frequency range of.30 Hz to 50 kHz range on all
power lines.

The DC33 card that was replaced after the RS103 test failed during the CS1O1 test. The
HFC-6000 Control System was not susceptible to interference signals injected ontothe input
power lines after this card was replaced.

6.2.2 CS114

The HFC-6000 Control System was subjected to CS 114 Susceptibility Test, in the 50 kHz to
400 MHz range, on all power lines. A decision was made during the test program due to
time constraints for the test chamber to not run the injection of the test signal on the I/O
cables.

A detailed summary of the disruptions is as follows:

Conclusion:

Tests were completed and the results were recorded and analyzed as defined above.

6.3 Radiated Emissions Test - RE101 and RE 102

6.3.1 RE101

The HFC-6000 Control System was monitored in accordance with the RE101 Radiated
Emissions Test procedure to measure the magnetic field emissions in the range from 30 HZ
to 100 KHZ.
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The radiated emissions from the HFC-6000 Control System were within the specified limits
over the entire frequency range.

6.3.2 RE102

The Wyle test report contains an evaluation of the HFC-6000 radiated emissions relative to
the criteria in EPRI TR-102323-R1 to measure the electric field emissions from 10 KHZ to 1
GHZ. Separate test runs were; conducted with horizontal and with vertical antennas
positioned 1 meter from the front and 1 meter from the rear of the Test Specimen.
Subsequently, HFC has re-evaluated the emissions relative to the guidance in Regulatory
Guide 1.180-Revison 1. The results below are based on this reevaluation.

The following is a list of conditions that exhibited some degree of emissions deviations
during the tests:

During the RE102 test the findings are as follows;

* The radiated emissions detected from the front antenna position did not exceed the
revised limits.

* Of the 18 points detected by the rear vertical antenna, at most 2 points exceed the revised
limits by a maximum of 0.9 dB, or approximately 1%.

* Of the 57 points detected by the rear horizontal antenna, at most three points exceed the
revised limits by a maximum of 2.5 dB, or approximately 3.7%.

Conclusion:

All of the excessive emissions readings were taken from the rear of the cabinet. Two of the
spikes have been isolated to the Flat Panel Display and the Flat Panel Controller, which are
not included in the scope of this report; the remainder have not been isolated to specific
components. There was no metal shielding at the rear of the Test Specimen to block RFI
generated by system components. A completed system will be completely enclosed in a
cabinet that will provide such shielding. Substantially the same components have been
qualified in such a cabinet during the development for the Ulchin nuclear power plant, and
the HFC-6000 control system will be qualified in equivalent cabinet structures on a project
by project basis. The Ulchin EMI/RFI test data is documented in the HFC documentation
files.

6.4 Conducted Emissions Test - CE101 and CE102

6.4.1 CE101

The CE101 Conducted Emission Test was performed on the HFC6000 Test Specimen to
measure emissions in the range of 30 Hz to 50 kHz range on all power leads.

The conducted emissions on all power lines were within the specified limits.
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6.4.2 CE102

The CE-102 Conducted Emissions Test was performed on all power leads of the HFC-6000
Test Specimen to measure emissions in the range from 50 KHZ to 400 MHZ.

The conducted emissions of HFC-6000 Control System were within the specified limits with
the following notation:

The 120 VAC High lead exceeded the limit at 110.2 KHz by 8.0 dBgV, and the
Neutral lead exceeded the limit at 110.2 KHz by 7.0 dBuiV. (Reference 3.7, Notice
of Anomaly No. 4).

However, USNRC Regulatory Guide 1.180 Rev 1, which was obtained after execution of
the test, revises the conducted emissions envelope so that the above point is no longer in
excess of the allowable limit. Consequently there are no anomalies in the frequency range
covered byCS 102.

6.5 Electrostatic Discharge (ESD) Test

The HFC-6000 Control System was subjected to an ESD test of 8 kV contact and 15 kV air
ESD discharges to specified components of the Test Specimen as well as 8 kV contact to the
Vertical Coupling Plane (VCP) around the perimeter of the Test Specimen. Table 1 list all
the individual components subjected to the ESD testing.

Table 1. ESD Test Points

Component Location Discharge Type

Controller and At the top, bottom and each side of the controller Contact
I/O Chassis chassis, expansion chassis, and single loop

chassis
The front surface of bezel for each of the different Contact
circuit board types
Controller A power toggle switch Contact
HFC-FPC06 power/reset toggle switch Contact
DPM failover pushbutton switch Air
One of the two C-Link connector shells for Air
controller A

Power Supply Top, bottom and both sides of chassis frame Contact
Chassis , Module A 24-vdc power supply front panel Contact

Module A 48-vdc power supply front panel Contact
Single loop power bracket Contact
Single loop power switch Air

It is noted that the single loop controller, HFC-FPC06 plat panel controller, and C-Link are
not included in the qualification project, however they were used as injection points for the
ESD contact for the test specimen.
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The HFC-6000 Control System did not exhibit any functional susceptibility to the ESD
pulses and experienced no permanent damage due to application of the ESD test wave form.
During application of ESD pulses to I/O cards, the specific module tested appears to have
had a single ICL communications error during application of the pulses. This had no
functional impact on control system performance.

6.6 Surge Withstand Capability (SWC) Test

The HFC-6000 Control System was subjected to an SWC test using both Combination and
Ring Waveforms.

The EPRI. specification defines 14 different categories for surge testing, of which the
following 7 are applicable to the HFC Test Specimen:

1. Between AC+ and AC- terminals for power supply group A of the redundant pair (EPRI
TR-107330, 4.6.2.A)

2. Between AC+ and G terminals for power supply group A of the redundant pair (EPRI
TR-107330, 4.6.2.B)

3. Between AC- and G terminals for power supply group A of the redundant pair (EPRI
TR-107330, 4.6.2.C)

4. Across 1,DO,441 contact A29 to contact A28 (120-vac DO channel) in both the ON and
OFF states.(EPRI TR-107330, 4.6.2.F)

5. Between common connections of discrete inputs where a common is shared by two or
more I/O points (EPRI TR-107330, 4.6.2.G). The following specific channels were be
tested:

6. Between the power supply G terminal and the common for discrete inputs for both ON
and OFF states (EPRI TR-107330, 4.6.2.H). The following specific channels were
tested:

7. Between the power supply G terminal and the common for analog I/O channels (EPRI
TR-107330, 4.6.2.1). The following specific channels were tested:
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Specific acceptance criteria for each component subjected to the surge waveforms shall be
as follows:

* Application of surge waveform shall not damage any other module, component, or
channel other than those specific modules or circuits under test.

o Channels or modules other that the one under test continue to operate within normal
accuracy limits for those modules during and after application of the test waveform.

Failure of the particular channel or circuit under test will not be considered a failure of
the Test Specimen if the circuit (e.g., power module) is redundant, if the failure does not
disrupt overall operation of the Test Specimen, or the failure does notpropagate to other
channels or circuits.

The Test Specimen met all acceptance criteria as listed above. Some components were
damaged as the result of the test pulses, but those damages were limited to the specific
components under test and the remainder of the system continued operating normally
before, during, and after application of the test waveform. The failures noted in the Wyle
test report affected only those components under test and did not propogate to other
modules.
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Conclusion

The HFC-6000 Test Specimen satisfactorily, met all- of acceptance criteria for surge testing.
Some components were damaged as the result of the test pulses; but that damage was limited
to the specific components under test, and the remainder of the system continued operating
normally.

7.0 SUMMARY

7.1 EMI/RFI Test

Radiated Susceptibility (RS103)

The Test Specimen exhibited immunity to the test signal except for one DC33 card which
went into an alarm state in two tests.

There was one other DC33 card in the Test Specimen and itperformed its control function
normally throughout the test without going into an alarm state. Therefore, the :DC33 card
was shown to be capable of performing its function successfully during execution of the test.
The DC33 card which had gone into the alarm state was found to be defective and was
replaced in further tests.

Low Frequency Conducted Susceptibility (CS101)

The HFC-6000 Control System was not susceptible to the 30 Hz to 50 kHz interference
signals injected onto the input power lines once the DC33 card referenced in Section 6.1
above was replaced.

High Frequency Conducted Susceptibility (CS 114)

The HFC-6000 Control System was subjected to CS1 14 Susceptibility Test, in the 50 kHz to
400 MHz range, on all power lines.

Low Frequency Radiated Emissions (RE 101)

The HFC-6000 Control System was monitored in accordance with the RElO0 Radiated
Emissions Test procedure to measure the magnetic field emissions in the range from 30 HZ
to 100 KHZ. All radiated emissions were within the specified limits over the entire
frequency range.
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High Frequency Radiated Emissions (RE 102)

An evaluation was performed of the HFC-6000 radiated emissions from horizontal and
vertical antennas positioned one meter from the front and one meter from the rear of the Test
Specimen: The purpose of the test was to measure the electric field emissions from 10 KHZ
to 1- GHZ relative to the criteria in EPRI TR-102323-R1. Subsequently, HFC has re-
evaluated the emissions relative to the guidance in Regulatory Guide 1.1 80-Revison 1. The
results below are based on this reevaluation:

o The radiated emissions detected from the front antenna position did not exceed the
revised limits.

• Of the 18 points detected by the rear vertical antenna, at most 2 points exceed the revised
limits by a maximum of 0.9 dB, or approximately 1%.

" Of the 57 points detectedby the rear horizontal antenna, at most 3 points exceed the
revised limits by a maximum of 2.5 dB, or approximately 3.7%.

All of the excessive emissions readings were taken from the rear of the cabinet. Two of the
spikes have been isolated to specific hardware components; the remainder have not. There
was no metal shielding at the rear of the Test Specimen to block RFI generated by system
components. A completed system will be fully enclosed in a cabinet that will provide such
shielding. Substantially the same components have been qualified in such a cabinet during
the development for the Ulchin nuclear power plant, and the HFC-6000 control system will
be qualified in equivalent cabinet structures on a project by project basis. The Ulchin
EMI/RFI test data is documented in the HFC documentation files.

Low Frequency Conducted Emissions (CE101)

The CE101 Conducted Emission Test was performed on the HFC6000 Test Specimen to
measure emissions in the range of 30 Hz to 50 kHz range on all power leads. The conducted
emissions on all power lines were within the specified limits.

High Frequency Conducted Emissions (CE102)

The CE-102 Conducted Emissions Test was performed on all power leads of-the HFC-6000
Test Specimen to measure emissions in the range from 50 KHZ to 400 MHZ. Based on the
acceptance criteria in USNRC Regulatory Guide 1.180 Rev 1, there are no anomalies in the
frequency range covered by CS 102.

7.2 ESD Test

The HFC-6000 Control System was subjected to an ESD test of 8 kV contact and 15 kV air
ESD discharges to specified components of the Test Specimen as well as 8 kV contact to the
Vertical Coupling Plane (VCP) around the perimeter of the Test'Specimen. The Test
Specimen did not exhibit any susceptibility to the ESD pulses and experienced no permanent
damage due to application of the ESD test waveform.

Page 15 of 16
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7.3 Surge Withstand Capability (SWC) Test

The HFC-6000 Control System was subjected to an SWC test using both Combination and
Ring Waveforms. The HFC-6000 Test Specimen satisfactorily met all of the acceptance
criteria for surge testing. Some components were damaged as the result of the test pulses;
but that damage was limited to the specific components under test, and the remainder of the
system continued operating normally.

8.0 ABBREVIATIONS AND ACRONYMS

EMI Electromagnetic Interference
ESD Electrostatic Discharge
FPD Flat Panel Display
HFC HF Controls
HPAT HFC Plant Automated Tester
ICL Intercommunication Link
I/O Input/Output
RFI Radio Frequency Interference
SWC Surge Withstand Capability
TSAP Test System Application Program
VCP Vertical Coupling Plane
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HFC-6000 Control System

ERD 111 - Control System Qualification Project

EMI Testing Summary Report
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A.1 GENERAL

This attachment is to document the results of the Operability Tests and Prudency Test performed
during the process of the EMI/RFI, ESD, and Surge Withstand qualification tests. The acceptance
criteria against which the test results are evaluated were stipulated in the respective test procedures.
Operability test and Prudency test results shall remain within the tolerance limits established by the
baseline testing, as listed in Attachment A of Baseline Testing Summary Report. Any deviation
from baseline results/etibshed during pre-qualification testing will be identified and recorded.

All the automated ope•rabdery tsts and prudency tests were run for about 5 minutes. These tests
include• Al Accuracy Tst, , curacy test, RTD accuracy test, Pulse Input accuracy test, Digital
Response time test, Analog •Rem ,ne test, Communication Test, Timer Test, Digital BOE test
and Analog BOE test.

A.2 4-20 MA Al ACCURACY TEST &
The tolerance limits for the automated Al ery<tst) established in the pre-qualification test are
shown in the Table A.2.1. Because deviatio l ced by the 100 cycle moving average
function in the Al card combined with the as r t operation of the HAS logger, the Al
accuracy during the Wyle qualification test will best the baseline results instead of
against the acceptance criteria.

A.2.1 Pre EMI/RFI Test

The automated Al accuracy test results from pre EMI/RFI test arbe/presented in Table A.2-1 and
Figure A.2-1. The results listed in the table were the calculations from one of the Al input test
cycles. All but one measurement, i.e., 1.92% at 10% level, were within the tolerance limits. This
result is consistent with the results from the post environmental test which was the test immediately
proceeding the pre EMI/RFI test.

Table A.2.1. Al Accuracy from Pre EMI/RFI Test.

L.BL, 506

2,BL,215
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Al Accuracy During Pre EMI/RFI Test

100

80

60

40

20

0

3/3/04 8:28:19 3/3/04 8:29:46 3/3/048:31:12. 3/3/048:32:38 3/3/04 8:34:05 3/3/04 8:35:31

-14--,BL,506 -4 -2,BL,215 2,BL,283 I

Figure A.2-A.2-1. AIVA-•cuyA' orn Pre EMI/RFI Test.

A.2.2 Before Conducted Susceptibility Test

The automated Al accuracy testing results from the operability< s perfdmed before the conducted
susceptibility test was performed are presented in Table A.2-2 and The results listed
in the table were the calculations from one of the Al input test <yles. Although at this time,
measurements were out of the tolerance limits at both 10% and 30% levels, the accuracy of 1.05%
at 30% level only barely missed the 1.04% limit.

Table A.2.2. Al Accuracy Before Conducted Susceptibility Test.

I ,tL, - UO
+ ___________

+ + +

I + + +

I + -4- 4 4
2,BL,215

I 4 -4- * +

I + -4- 4- 4

I 4- -4- 4- 4-

1 4 ± + +

_____________ ± _________________ ____________ I _____________
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Al Accuracy - Before Conducted Susceptibility Test

100

80-,

60--- 1 ,BL,506

. 50 -c-ý 2,BL,215--
0 

2,BL,215

VV

< 20

10

3/8/04 3/8/04 3/8/04 3/8/04 3/8/04 3/8/04
9:03:36 9:04:19 9:05:02 9:05:46 9:06:29 9:07:12

Timeline

Figure A.2-A.2-2. Al Accuracy <foe-Coznducted Susceptibility Test.

A.2.3 Pre ESD Test

The automated Al accuracy testing results from pre ESD test- 'p' e d in Table A.2-3 and
Figure A.2-3. The results listed in the table were the calculat1iis4ffrm one of the Al input test
cycles. Similar to Pre Susceptibility test, measurements were out of the tolerance limits at both
10% and 30% levels, though the accuracy of 1.11% at 30% level is only slightly higher than the
1.04% limit.

Table A.2.3. Al Accuracy During Pre ESD Test.

1iag amI ~Time !St:11111)Descripthin i(0 1

1,BL,506

2,BL,215
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Al Accuracy During Pre ESD Test

8000

601

20 . , .

3/24/04 3/24/04 3/24/04 3/24/04 3/24/04 3/24/04
8:22:34 8:24:00 8:25:26 8:26:53 8:28:19 8:29:46

-.- 1,BL,506 --v-2,BL,215 2,BL,283

3/24/04 3/24/04
8:31:12 8:32:38

Figure A.2-A.2-3. A• A, aty- uring Pre ESD Test.

A.2.4 Pre Surge Withstand Test

The automated Al accuracy testing results from pre Surge hil nd a isre presented in Table
A.2-4 and Figure A.2-4. The results listed in the table were theV 4-ui-ations from one of the AI
input test cycles. Similar to Pre EMI test, all but one measurement, i.e., 1.21% at 10% level, were
within the tolerance limits. This result is consistent with the results from the post environmental
test.

Table A.2-4. Al During Pre Surge Withstand Test.

Tag Name Tim Stm ValueDeciptio Expected Accuracy

1,BL,506

2,BL2.15
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A.2.5 During Surge Withstand Test

Table A.2-5. Al Accuracy after Performing Combination Signal Surge Test and AC36
Replacement.

Va11u ~ 'A ) xected A'ccurany
TgNamie .'<inixiSt:1 Description~

1,BL.506

2,BL.215
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Al Accuracy - After Combination Signal Surge Test

100

20

O0 4 ...

3/29/04 3/29/04 3/29/04 3/29/04 3/29/04 3/29/04 3/29/0 3
10:37:12 10:37:55 10:38:38 10:39:22 10:40:05 10:40:48 10:41:3

---O1,BL,506 -t--2.BL2,15 2,BL•2831

4 3/29/04
1 10:42:14

Figure A.2-A.2-5. Al Accuracy after reorm j) maton Signal Surge Test and AC36
Replacm e

Table A.2-6. Al Accuracy after ApplyinoT PJingwaves.
vTielSmip Fxpected ;,cracy.

rag Naneic Ti'Dmriten '

].BL,506

2.BL,215
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Al Accuracy - After Applying Ringwaves to TSAP

10090 !
80 N;•
70
60

50

30S°10

0

3/29/04
13:48:00

3/29/04 3/29/04 3/29/04 3/29/04 3/29/04 3/29/04 3/29/04
13:48:43 13:49:26 13:50:10 13:50:53 13:51:36 13:52:19 13:53:02

oI , B L, 5 06 --2, BL, 215 -2,:BL:,:2 83

Figure A.2-A.2-6. Al AccrAfceyriApplying TSAP Ringwaves.

Table A.2-7. Al Accuracy Ringwaves.

V Value Descriplii 4 LExueced %)Accurak

• •g:N..e-, im S.... (j ,

,BLS06 _________

',BL,215
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Figure A.2-A.2-7. Al Ac\ra•Ir, Applying'

Table A.2-8. Last Time Al Okay in Surge

TEag Name Time Stamp V Description Exece

1,BL,.506 _ _ _ _ _ _ _ _ _i

_______ ______ -I-

Table A.2-9. First Indication of Significant Deviation in Al in Surge Withstand

1,BL.506
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A.3 4-20 MA AO ACCURACY TEST

The baseline tolerance limits for the AO accuracy established from the pre-qualification test is
±0.49%.

A.3.1 Pre EMI Test

AO automated test data was not available in the pre EMI test. The reason is due to the TSAP
limitation for the automated AO test as explained in Environmental Test Report. Table A.3-1 and
Figure A.3-1 show the automated AO accuracy testing results from the operability test performed
before the radiated Emission test which proceeded any other EMI/RFI tests. The test results are
within tolerance limits.

Table A.3-1. AO Accuracy Test before Radiated Emission Test.

%~ ~ Value K ~ ~ A1Accurac\-1p im tDescriptiomT ag Nanic Time p S0/a U) Oj} '~j

2,BL.211
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Figure A.3-1. AO

A.3.2 Pre ESD Test

Table A.3-2 and Figure A.3-2 show the automated AO ac(
test. The test results are within the tolerance limits.

from the pre ESD

Table A.3-2. AO Accuracy from Pre ESD Test.
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AO Accuracy During Pre ESD Test

100

80

60 •'- !i : • @

40

20-

0
3/24/04 3/24/04 3/24/04 3/24/04 3/24/04
8:22:34 8:24:00 8:25:26 8:26:53 8:28:19

-- 1 ,BL,554 -- 2,BL,211

3/24/04 3/24/04
8:29:46 8:31:12

Figure A.3-2. A-O.3-2. "from

A.3.3 During Surge Withstand Test

Table A.3-3 and Figure A.3-3 show the automated AO ac•
test performed after performing combination signal surge
results are within tolerance limits.

Pre ESD Test.

Its from the operability
replacement. The test

Table A.3-3. AO Accuracy after Performing Combination Signal Surge Test and AC36
Replacement.

2,BL,2 1.1

r ___________________
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Figure A.3-3. AO Accuracy after Pef ing Comlbination Signal Surge Test and AC36
Repc nt.

Table A.3-4 and Figure A.3-4 show the automat' Ao testing results from the operability
test performed after performing ringwaves to TSAP.< ýTý•'&tresalts are within tolerance limits.

Table A.3-4. AO Accuracy after Apply¢inTS,,' g v es.

2,BL,.21 l

AO Accuracy - After Applying Ringwaves to TSAP

100
90
807

70
60- -- - -

40
30
20
10
0

38075.58 38075.58 38075.58 38075.58 38075.58 38075.58 38075.58 38075.58

1--0--1,BL,506'---Z4-2,BL,215 2,13L,283]
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-Figure A.3-4. AO Accuracy after Applying TSAP Ringwaves.

A.4 100 OHM RTD CARD

A.4.1 Pre EMI

The blocks related witijRLD did not change in value through all the EMI tests. This is consistent
with the results ftr menvirotiiiental tests.

A.4.2 During SusceptiilityiV
RS103 radiated susceptibilittest was conducted on 3/8/04. Figure A.4-1 through A.4-4 shows
value of RTD during this test. - •< :

RTD during Susceptibility

97

96
95
94
93.....

91
90

3/8/04 3/8/04 3/8/04
9:21:36 9:36:00. 9:50:24

3/8/04 3/8/04 3/8/04
10:04:48 10:19:12 10:33:36

-.-*-1, BL, 10 1,BL,528 1,BL,546 ,. 1,BL,548

Figure A.4-1, RTD - Vertical Front 10 KHZ - 200 MHZ and Horizontal Front 30 MHZ - 200
MHZ
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RTD during Susceptibility

96
95 :

94
93

92

91

90
3/8/04

13:12:00
3/8/04 3/8/04 3/8/04 3/8/04 3/8/04 3/8/04

13:26:24 13:40:48 13:55:12 14:09:36 14:24:00 14:38:24

* 1,BL,10 --.*-IBL,528 1,BL,546 --ýý.-,1,BL,548

Figure A.4-2. RTD - Vertical Front 9t0 %Js6 MHZ, 6.3 MHZ - 200 MHZ, 6 MHZ - 10
<MZt<

RTD during Susceptibility

102

98 "4_
96

92

3/9/04 3/9/04 3/9/04 3/9/04 3/9/04 3/9/04 3/9/04 3/9/04 3/9/04 3/9/04
13:26:24 13:33:36 13:40:48 13:48:00 13:55:12 14:02:24 14:09:36 14:16:48 14:24:00 14:31:12

-- I,BL,10 -'I-1,BL,528 1,BL,546 -;---1,BL,548 I

Figure A.4-3. RTD - 50 KHZ - 400 MHZ
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RTD during CS101

90

89

88

87

3/23/04
4:48:00

3/23/04 3/23/04 3/23/04 3/24/04 3/24/04 3/24/04
9:36:00 14:24:00 19:12:00 0:00:00 4:48:00 9:36:00

o 1,BL,10 -•-o- 1, ,BL, 528 1, B L, 546 1,BL,548 ý
-.-- 1,BL,10 1,BL,546 1,BL,548~'&~~<

Figure A4.44.'jTruringY CS101.

A.4.3 Pre ESD

There was no logged data in the HAS output for that the output did notai-hmeansthtteotudint
change by more than 0.5%.

A.5 PULSE INPUT CARD

Table A.5-1. Pulse Input During Pre EMI Test

During the tests, the pulse input value was not logged in the HAS output, which means that the
change of the values is no more than 0.5%.

A.6 ICL COMMUNICATION OPERABILITY TEST

A.6.1 During Radiated Susceptibility Test (1) - 03/05/04

Screen captures were taken for ICL error counters at the start and at the end of the radiated
susceptibility test on 3/5/04, from 8:41 AM to 4:50 PM. Six modules in rack 2 showed some errors
as listed in Table A.6-1. Refer to the conclusions at the end of Section A.6 for an explanation of the
ICL communication errors tabulated in Tables A.6-1 through A.6-12.
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.Table A.6-1. ICL Error Counter During Radiated Susceptibility Test (1).

I-emoie I
KPD16

ysiix> KPD16

(7;7 •KPD16

•/5•iZ• I-,,KI• 16

16 .JKD.11

17 \KPD_16 &-. _

19 KDI1_6___ ____ _

20 KPD16\

22 KDI16

23 KD08

24 KD08

25 KDO16

26 KPDI6

36 KD116___ __

37 KD116 ___K i~
38 KDO8_________

39 KDO8

40 KDO8
48 KAIO
49 KA08
50 KAIO

.51 KAIO

52 KAI 16

53 KAI16
54 KAO8

56 KA18
57 KAIO

0 KAI8

0 KA18
60 KAI8

K

A.6.2 During Radiated Susceptibility Test (2) - 03/08/04

Screen captures were taken for ICL error counters at the start and at the end of the radiated
susceptibility test on 3/8/04, from 9:30 AM to 3:14 PM.

A-17
Non-Proprietary



"EMI/RFI, ESD and SWC Test Report TS901-000-25 Rev B I
EMI/REI, ESD and SWC Test Report TS9O1-O0O-25 RevB

Table A.6-2. ICL Errors During Radiated Susceptibility Test (2).

i-emoie -i
0__ _ " KPD16

•,.> KPD16
KPD16

KZ;;( 1KKD116

16 KDI16 I •"
17 ~~64._____
19 KDO8i/ ___/.

20 KDI6 l _ _ _

22 KDI16 •,<- J

23 KDO8 __

24 KD08

25 KD116

26 KPD16

36 KD116

37 KD116

38 KD081
39 KD08A
40 KD08

48 KAIO

49 KA08
50 KAIO
51 KAIO

52 KA116
53 KA116
54 KA08
56 KA18
57 KAIO
0 KA18
0 KA18 ___ ___ ___ ______

60- KA18 __ _ _ _ _ _ __ _ _ ___ ___

A.6.3 During Conducted Susceptibility Test (1) - 03/09/04

Screen captures were taken for ICL error counters at the start and at the end of the conducted
susceptibility test on 3/9/04, from 1:09 PM to 3:58 PM, during which 50 KHZ -400 MHZ at 95%
signal strength was applied on the AC power bundle powering the TSAP.
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From 3:58 PM to 4:41 PM, 50 KHZ -100 MHZ at 71% signal strength was applied on AC power
bLmdle.

Table A.6-3. ICL Erf'r Counters During Conducted Susceptibility Test (1) - 50 KHZ - 400
v. MHZ at 95%.

ICL Communication Error Counters - 03/09104

S~tation Car Typei Cof~iCun mment~s

Remote 1 K , ) _

0 KPD,1-;P
1 KPDt6'ýQ4/:
3 KPD16 __,__

5 KDI16 ____. ____

6 KDO8 _____

7 KDI8 "_ _____

16 KD116

17 KPD16___
19 KD116

20 KPD16

22 KD116 .

23 KDO8

24 KDO8

25 KD116
26 KPD16

36 KDI16
37 KD116

38 KDO8

39 KD08

40 KD08

48 KAIO

49 KAO8

50 KAIO

51 KAIO

52 KAI16

53 KA116
54 KA08
56 KAI8

57 KAIO

0 KA18

0 KAI8

60 KAI8
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Table A.6-4. ICL Error Counters During Conducted Susceptibility Test (1) - 50 KIHZ-1.00
MHZ at 71%.

-errote ]
KPD16

JIV )KPD16
KP•p16

6 41dD'8• )

7 KK'8i ~___ __ ____

16 K• qI r, ____-

17 KPDf16o/& (
19 KDI16 _____ __

20 KPD16 _____ _________.

22 KD116 ,<:/ ,
23 KDO8 ____ ________

24 KDO8 ________

25 KD116 4' " . 7•
26 KPD16
36 KDI16 __"_.

37 KDI16
38 KDO8 __ _

39 KDO8
40 KDO8

48 KAIO
49 KAO8
50 KAIO
51 KAIO
52 KAI16
53 KA116
54 KAO8

56 KAI8

57 KAIO
0 KAI8
0 KAI8

60 KAI8 _

A.6.4 During Conducted Susceptibility Test (2)- 03/10/04

Screen captures were taken for ICL error counters at the start and at the end of the conducted
susceptibility test on 3/10/04, from 8:04 AM to 10:55 AM, during which 100-400 MHZ at 71%
signal strength was applied on the AC power bundle powering the TSAP.
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From 11:31 AM to 3:23 PM, 50 KHZ to 400 MHZ at 100% signal strength was applied on AC
power hot wire powering the TSAP

From 3:24 PM to 4 50 KHZ to 400 MHZ at 75% signal strength was applied to the AC
power hot wire

Table A.6-5. ICL Error LouitersDuring Conducted Susceptibility Test (2) - 100-400 MHZ
at 71%.

ICL CommkmniAtimn•Eeror Counters - 03/10/04
•Sta End Count

Station Card Type CoDifft Comments

Remote 1 "_" ____

0 KPD16 " ,?, "<'\
1 KPD16 _, , i >
3 KPD16 ___ __

5 KDI16 ____

6 KDO8

7 KD08 _ _

16 KDI16

17 KPD16
19 KDI16

20 KPD16

22 KDI16

23 KDO8

24 KDO8

25 KDI16

26 KPD16

36 KDI16

37 KDI16

38 KD08
39 KDO8

40 KDO8

48 KAIO

49 KAO8

50 KAIO
51 KAIO

52 KA116

53 KAI16
54 KAO8

56 KAI8

57 KAIO
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0 KA18
0 KAI8
60 KAI8

Table A.6-6. ICL Error Counters During Conducted Susceptibility Test (2) - 50 KHZ - 400
MHZ at 100%

FHemotef•<i-
0
1

3
5-.
6
7

1, 1 1

-H---------- + +

KHL-l,,b ,,

KIDI1'6"(,
KDO8
KDO8

_______ +

16 KDI16 "__
17 KPD16

19 KD116
20 KPD16 _

2>

22 KD116
23 KDO8 _ I _

'3/I L/ I*% 11' 0

25 KD116
26 KPD16
36 KD116
37 KDI16

38 KD08

39 KD08

40 KDO8

48 KAIO
49 KAO8

50 KAIO

51 KAIO

52 KAI16

53 KA116
54 KAO8

56 KAI8
57 KAIO

0 KAI8
0 KA18

60 KA18
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Table A.6-7. ICL Error Counters During Conducted Susceptibility Test (2) - 50 KHZ -400
MHZ at 75%

______ Communication Error Counters- 03/10/04

Station Card Type Str n on CommentsCountCut Df
RemotJ1

_____ ._ , KPD16

1KPD16
20 KPD 16

5 K b 1,6, __ __

6 ____ __ ___ ___

7 _ _ _ _ _ _ _ _ _ _

16
17 KPDf6O8 "•Q ____ ___

19 KD116O8 <K
20 KPD16, _____ ______

22 KD116 _ '_ - , ____-.

237 KDI168'

23 KDO8

24 KDO81

26 KPD16__________

36 KD116 ___-_____

37 KDO16

38 KDO8

39 KDO8

40 KDO8

48 KAIO

49 KA08
50 KAIO1

51 KAIO

52 KAI16
53 -KAI 16____ ___ ___

54 KA08
56 KA18 ___

57 KAIO
0 KAI8

0 KAI8

60 KAI8

A.6.5 During Conducted Susceptibility Test (3) - 03/11/04

Screen captures were taken for ICL error counters at the start and at the end of the conducted
susceptibility test on 3/11/04, from 7:40 AM to 9:26 AM, during which 100-400 MHZ at 75%
signal strength was applied on the AC power hot wire powering the TSAP.
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Table A.6-8. ICL Error Counters During Conducted Susceptibility Test (3) - 100-400 MHZ
at 75%.

)' ,. PD16

5
6
7
16
17
19

16 1
I 4 4 4

4 A A

KDI 16,'
KPD16 &:
KDI16 C2~

20 KPD16 <

22 KD116
f ............

23 KDO8 "> 7\'W

24 KDO8
25 KDI16 /• , •/)
26 KPD16 "
36 KD116
37 KD116
38 KDO8
39 KDO8

40 KDO8
48 KAIO
49 KAO8
50 KAIO
51 KAIO
52 KA116

53 KA116
54 KAO8

56 KA18
57 KAIO
0 KAI8

0 KA18
60 KAI8 _

A.6.6 During Conducted Susceptibility Test (4)- 03/23/04

Screen captures were taken for .ICL error counters at the start and at the end of the conducted
susceptibility test on 3/23/04, from 7:52 AM to 8:15 AM, during which CS 101 test was performed
on TSAP hot wire. I
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From 8:35 AM to 9:11 AM, CS 101 test was conducted on TSAP low wire. The
results showed that no errors occurred as shown in Table A.6-10.

Table A.6-9. ICL Error Counters - CS101, TSAP High Wire.

screen capturing

tKenpte'V
0 -,

3
5
6
7

I I
5 1

-1 1

KDcf&
KD08

16 KDI16 , /__ _ _ _ _
17 KPD16 "'"•••!

20 KPD16
22 KDI16

23 KDO8 ____.

24 KD08x,____ ____

25 KD116 ' ':

Or kvDrvl rj
36 KDI16
37 KDI16

38 KDO8
39 KDO8
40 KDO8
48. KAIO

49 KAO8
50 KAIO
51 KAIO
52 KAI16
53 KA116
54 KAO8

56 KA18
57 KAIO

58 KAI8
59 KAI8

60 KAI8
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Table A.6-10. ICL Error Counters - CS101, TSAP Low Wire.

K-emote -i
0-__0_. KPD16

1ity KPD16
____ >KPD16

6 KDI16

7 7-

19 KbDO8i;/
20 KPD1,60jf
22 KD116
23 KD08 ~ -

24 KD08 " • P; . ____-____;_

*25 KDI16 .____ ___,,

26 KPD16 ____ __ __ _

36 KDI16 ' 77•7 G
37 KD116 _ _ _ _ _ _ _

38 KD08 "Yi ,A•
39 KD08 _ _

40 KDO8

48 KAIO
49 KA08

50 KAIO

.51 KAIO

52 KA116
53 KAI16

54 KAO8

56 KAI8

57 KAIO

58 KA18
59 KA18

60 KA18

A.6.7 During ESD Test - 03/24/04

Screen captures were taken for ICL error counters
3/24/04, from 8:42 AM to 4:15 PM

at the start and at the end of the ESD test on
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Table A.6-11. ICL Error Counters During ESD Test.

I~emote "1
KPD16

KPD16
•73••t•KPD16

., --K..D,11

17 KPD 16 .____ _____._-_

19 KDI16 W :';;.•i > ___ __.

20 KPD16 ____ ' :""k _"__,_. _"-________•

22 KDI16 '. !:!77 •i >•$______
23 KDO8 ____,_ ••sY

24 KDO8 _____i

25 KDI16 ____ { ,/•
26 KPD16 _______

36 KDI16

37 KDI16 ______

38 KDO8

39 KDO8
40 KDO8

48 KAIO _ _ _ _ _ _ _ _

49 KAO8
50 KAIOP
51 KAIO

52 KAI16

53 KAI16
54 KA08

56 KAI8

57 KAIOD

58 KAI8
59 KA08

60 KAI8

A-27 '
Non-Proprietary



EMI/RFI, ESD and SWC Test Report . TS901-000-25 Rev B- I

A.6.8 During Surge Withstand Test

Screen. captures were taken for ICL error counters at the start and at the end of the Surge Withstand
test on 3/25/04, from 9:41 AM to 3:08 PM.

Tab 1,2.- ICL Error Counters During Surge Withstand Test.

Remote 1 "

0
1
3
5

T

KPDi~6
KD116

6 KDO8
7 KDO8
16 KD116

17 KPD16 '____

19 KDI16 ____,

20 KPD16 ~7/4

22 1 KD116
23 KDO8
24 KD08

25 KDI16

26 KPD16

36 KD116

37 KD116 _

38 KDO8 _

39 KDO8
40 KDO8
48 KAIO
49 KAO8
50 KAIO
51 KAIO
52 KAI16
53 KAI16
54 KAO8
56 KAI8
57 KAIO
58 KAI8

59 KAI8

60 KA18

.1
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Conclusions:

The ICL communication test was executed during each of the EMI/RFI susceptibility, ESD, and
surge withstand tests. A total of 12 tests were run on the Test Specimen with the test duration
Iýsting up to eight hours, depending on the type of test being executed. The method of test
execution consisted of taking a screen capture of the ICL error counters before the start of the test
run and then again after-completion of the test run. The difference between the error counter value
represents the total num -berof ICL errors detected for a particular I/O module throughout the course
of the test run. ( ei,'erpi ...... unter consisted of a single 16-bit binary count field without carry that
rolls over from FFFF¶•. XIQA)R The following conclusion have been drawn from a detailed
examination of the acctmahddta: a
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A.7 TIMER TEST

The timer function is controlled by the main processor OS. The timers controlled two DO images -
that data was transferred via the ICL to a DO8J module, and the resulting signals were routed to the
SOE interface via a cable assembly.

Tables A.7. 1 and A.7.2 summarize the SOE data for the timer test accumulated during the Pre-
EMI/RFI and Pre-ESIi tes.ts The parameters listed in the tables are defined as follows:

Preset Value - Set tI-eýhterval in application program in seconds

Duration Measuie;ime in seconds

Duration Deviation The averageJ d ,Iafiin, of the observed timer interval expressed as a
percentage v(2

Duration Jitter The averaged differc'& h5tween successive timer intervals expressed as a
percentage value. .

Period Total measured period of sign,, vei 1 4in seconds

Period Deviation The averaged deviation of the me si l form period expressed as a
percentage. '

'Period Jitter The averaged difference of successive peiods from the preset value
expressed as a percentage.

A.7.1 Pre EMI/RFI

The results from automated timer test during the pre EMi/RFI test are listed in Table /A,7-1. The
number listed in the table is the average result of 16-18 measurements for the 4,DI,12 (5 second on
and 1 second off waveform) and 51-53 measurements for the 4,DI, 11 (1 second on and I second off
waveform).
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Table A.7-1. Automatic Timer Test Result from the Pre EMI-REI Test.

ON 5

N umbe'rof
Meas uremert

__,u,,___,____ _____ 1 1 ____• ,
Numb" fr,

Measurem'eriiX ____ ___

ON* <

Number of )
Measurement ( , •4,D1,11

OFF 1 -
Number of

Measurement_ _ -_____ _ I.
. - ' - ?

A.7.2 Pre ESD Test

The results from automated timer test during the pre ESD tes isted in Table /A,7-2. The
number listed in the table is the average result of 16-18 measureme ts for the 4,DI,12 (5 second on
and 1 second off waveform) and 53-55 measurements for the 4,DI,1 1 (1 second on and 1 second off
waveform).

Conclusions:

* No disruption in the timer waveform was observed during either the Pre-EMI/RFI or the Pre-
ESD tests.

o All timer periods remained within the theoretical tolerance limit established in the baseline
report.
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Table A.7-2. Automatic Timer Test Result from the Pre ESD Test.

A.8 DIGITAL BOE TEST

A.8.1 Pre EMI/RFI

SOE data from the pre EMI/RFI test was analyzed. By analyzing the alarm reports throughout the
EMI-RFI test, it is concluded that no link alarm condition was detected for the DI cards whose
channels were logged by SOE logger.
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Table A.8-1. Digital BOE Abnormal Transitions in the Pre EMI/RFI Test.

A.8.2 Pre ESD

Analysis of the logged data records has confirmedjhtliai,
logged digital channels (4,DI,24 to 4, DI,30). No link--laa
modules processing the BOE signals during the ESD test..

As shown in Table A.8-2, neither abnormal transition nor
the entire pre-ESD test.

isition was detected for all seven
•i•tion was recorded for the digital

detected throughout

Table A.8-2. Digital BOE Abnormal Transitions in the Pre-ESD Test.

Total Number of
Transitions

Total Number of
CO0ontact

Bounce _________

Total Number of
Anomalies

A.8.3 Pre Surge Withstand

This test was performed; however, no SOE or HAS data is available. The power supply
output voltages were recorded to be within tolerance. The test procedure as written was
based on the assumption that the equipment would be reassembled immediately prior to this
test. However; the equipment had been reassembled in the test area for the EMI/RFI testing
several days earlier and operability and prudency tests had been run at that time. As a result,
this test was not needed for the purpose of verifying Test Specimen operability.
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A.9 ANALOG BOE TEST

The analog burst of events (BOE) test consists of a free-running analog square wave signal that
switches between; 10% and 90% of full span with a 10-second dwell time at each level. The
waveforms during the various tests are shown in Figures A.9.1 through A.9.6 and the associated
readings and deviation.are presented in Tables A.9.1 through A.9.6.

A.9.1 Pre EMI/RFI

The waveforms of TSAP analog inputs at remote 1 and thato d•i;ving BOE signal during
the pre EMI/RFH are depicted in Figure A.9-1. The TSAP AT signals are seen to correlate well
with the BOE source signal at each transition, and they essentially overlap with one another.
Table A.9-1 lists the averaged readings and deviations of 15 measurements for these HAS
.logged Al signals at 10% and 90% levels. The averaged deviations at 10% for 1,BL,.510 and
1,BL,514 meet the 0.32% acceptance criteria, which is in line with the pre environmental
results.

BOE Source vs. TSAP Ads - EMI/RFI (Pre)
100;!]•i

80 :
60

fF F4 0 ->

20

0
8:34:48 8:35:31 8:36:14 8:36:58 8:37:41 8:38:24 8:39:07 8:39:50 8:40:34

Timeline

Figure A.9-1. BOE Control Signal versus TSAP Analog Input Signals in Remote 1 in the Pre
EMI/RFI Test.
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Table A.9-1. TSAP Al Channel Readings and Deviations from BOE Source Signal in Pre
EMI/RFI Test.

TSAP Al vs. TSAP AO - EMI/RFI (Pre)
100 -ý80

60 '

40 -7 i [21B~3~

20

0
8:34:48 8:35:31 8:36:14 8:36:58 8:37:41 8:38:24 8:39:07 8:39:50 8:40:34

Timeline

Figure A.9-2. Logged TSAP Al signal (1,AI,882, 1,BL,510) versus Corresponding TSAP AO
Signal (1,AO,922, 2,BL,213) in Pre EMI/RFI Test.

Figure A.9-2 shows the waveforms for HAS logged TSAP AO (2,BL,213) versus its corresponding
TSAP Al (1,BL,510) during the pre EMI/RFI test. The AO image duplicates the Al image at each
transition. The averaged readings and deviations for these two analog signals at 10% and 90%
levels are listed in Table A.9-2. Deviations of 2,BL,213 from. 1,BL,510 at both 10% and 90% levels
meet the 0.3% acceptance criteria, which is in line with pre-qualification results. More specifically,
the deviations in pre EMI/RFI test are 0.119% at 10% and 0.047% at 90% level, a significant
reduction from 0.276% at 10% and 0.274% at 90% level from pre-qualification test.
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Table A.9-2. TSAP AOs and the Corresponding TSAP AIs in Remotel in the Pre EMI/RFI
Test.

±

+

A.9.2 Pre ESD

The waveforms of TSAP ,analog inputsat reO
pre ESD are depicted in Figure A.9-3. Tli/!2
with the BOE source signal at each transition,W
A.9-3 lists the-averaged readings and deviatioi
logged Al signals at 10% and 90% levels re!

that of the driving BOE signal during the
gs that the TSAP AT signals correlate well
s~entially overlap with one another. Table
-20.,nd 21 measurements for these HAS

4

BOE Source vs. TSAP Ais - ESD Test (Pre)
100 -

80 -

20

0

8:23:00 8:24:26 8:25:52 8:27:19 8:28:45 8:30:12
Timeline

Figure A.9-3. BOE Control Signal versus TSAP Analog Input Signals in Remote I in the Pre
ESD Test

A-36
Non-Proprietary



EMI/RFI, ESD and SWC Test. Report TS901-000-25 Rev B

Table A.9-3. TSAP Al Channel Readings and Deviations from BOE Source Signal in Pre ESD
Test

10.082± 0.033 10.051± 0.034 10.972 ± 0.673

0.083 ± 0.030 0.056 ± 0.024 0.972 ± 0.673

19 19 20

'89,260 0.034 89.176 ± 0.065 87.555 ± 0.778

-,4U., 34 0.824 ± 0.065 2.445 ± 0.778

1, 21 21

~
TSAP Al vs. TSAP AO - ESD Test (Pre)

100

80

60

40

20

8:22:34

Figure A.9-4. Logged TSAP Al signal (1,AI,882, 1,BL,510) versus Corresponding TSAP AO
Signal (1,AO,922, 2,BL,213) in Pre ESD Test.

Figure A.9-4 shows the waveforms for HAS logged TSAP AO (2,BL,.213) versus its corresponding
TSAP Al (1.BL,5 10) during the pre ESD test. The figure shows that the AO image duplicates the
Al image at each transition. The averaged readings and deviations for these two analog signals at
10% and 90% levels are listed in Table A.9-4.
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Table A.9-4. TSAP AOs and the Corresponding TSAP AIs in Remotel in the Pre ESD Test.

A.9.3 Pre Surge Withstand <K

The waveforms of TSAP analog inpu -tsem•te,
pre surge withstand are depicted in Figikre &
with the BOE source signal at each transiti•n'9 f'
A.9-5 lists the averaged readings and deviations4o
Al signals at 10% and 90% levels respectively. '-'

and that of the driving BOE signal during the
TSAP AI signals are seen to correlate well

eyesentially overlap with one another. Table
Tanc ý8 measurements for these HAS logged

BOE Source vs. TSAP Als - Surge Withstand (Pre)

100 -.

80
40 T- I''•;•,

20

9:36:52 9:38:18 9:39:45 9:41:11 9:42:37 9:44:04
Timeline

Figure A.9M5. BOE Control Signal versus TSAP Analog Input Signals in Remote 1 in the Pre
Surge Withstand Test.
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Table A.9-5. TSAP Al Channel Readings and Deviations from BOE Source Signal in Pre
Surge Withstand Test.

4 4

(s.. *~X ~)

K.

TSAP Al vs. TSAP AO - Surge Withstand (Pre)
100 • ..

80 fli

60 ,

40 [..,

9:36:43 9:38:10 9:39:36 9:41:02 9:42:29 9:43:55
Timeline

Figure A.9-6. Logged TSAP Al signal (1,AI,882, 1,BL,510) versus Corresponding TSAP AO
Signal (1,AO,922, 2,BL,213) in Pre Surge Withstand Test.

Figure A.9-6 shows the waveforms for HAS logged TSAP AO (2,BL,213) versus its corresponding
TSAP Al (1,BL,510) during the per, surge withstand test. The figure shows that the AO image
duplicates the Al image at each transition. The averaged readings and deviations for these two
analog signals at 10% and 90% levels are listed in Table A.9-6.
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Table A.9-6. TSAP AOs and the Corresponding TSAP AIs in Remotel in the Pre Surge
Withstand Test.

10.101 ± 0.225 9.965 ± 0.019 .0.227 ± 0.133

Conclusion:
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HFC-6000 Control System

ERD 111 - Control System Qualification Project

EMI Testing Summary Report

Susceptibility
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B.1 GENERAL

The susceptibility tests include the following:

* Radiated EMI/RFI Susceptibility Test: RS103. The frequency range for the radiated test
signal is from 10 KHZ to 1 GHZ. The overall test will be divided into several frequency
ranges with a djfferent signal source and antenna for each frequency range. Each.test will be
executed twice:ofe with the antenna positioned at front center of the Test Specimen and
once withf4h Manria at rear center.

* Conducted Lo' Fr ,quenŽEMI/RFI Susceptibility Test: CS101. Test signals between 30
HZ and 50 KHZ wer'c-ijeot-& dlirectly into power leads of the Test Specimen. Two tests
were executed: one for fwl6ahle A of the redundant power supply and one for the non-
redundant power supply of th p rack.

o Conducted High Frequency E • • ptibility Test: CS1 14. Test signals between 50
KHZ and-400 MHZ were inductiv c 1', $jinto power leads and'selected I/O cables of
the test specimen as shown in Table B. I / 1,•,

Table B.I.1. Conducted High Freq 3 is bility Test Cases.

~Te'st Case Cable Decito
1 Power source A 120-vac power source6 o d u i'dý ufýower module A
2 Power source 120-vac power source foYsirj-gl6-loop power supply
3 01-2-7 I/O cable to HFC-DI161 digital input card
4 01-2-9 I/O cable to. HFC-DO8J digital output card
5 01-4-9 I/O cable to HFC-AI8M RTD input card
6 01-4-5 I/O cable to HFC-AI16F analog input card
7 01-4-7 I/O cable to HFC-AO8F analog output card
8 01-4-12 I/O cable to HFC-AI4K pulse input card

Note: The status of one or more I/O points for test cases 3 through 8 are monitored by theOperability and Prudency BOE trends.

A portion of the Operability and Prudency Tests were run and monitored for signs of susceptibility.
The susceptibility test was run from 3/5/04 to 3/12/04 and then from 3/22/04 to 3/23/04.

The acceptance criteria for susceptibility is as follows:

EPRI TR-102323-RI Appendix B Paragraphs 3.1 and 3.2 and Wyle Test Procedure 50044-10 list
the maximum signal strength for each of the susceptibility tests. Each test will be run at 100% of
the indicated signal strength. Lack of susceptibility is demonstrated by the following acceptance
criteria:
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NOTE

Objective demonstration of these criteria will be provided by the
alarm process function and results of the Operability and Prudency
BOE tests that will be running while the test signals are being injected
to the Test Specimen.

o All Test Specinmhn microprocessors continue to function normally.

o Transfer of dti),,ia•eraserial links is not disrupted.

e Serial communicaxihibkis e Thit no increase in communication error rates.

o Discrete I/O channels e ibit' spurious transitions.

* Analog /O channels do not ch gei ,io e than 3% while the EMI/RFI signal is being
applied.

If a susceptibility condition is detected at thý unsio-nal level, the susceptibility threshold
shall be identified and recorded.

The system alarms files were evaluated and compare~d•• , l t'og book. If any anomalies
were not recorded in the test log book, they were added Then the anomalies were
categorized by the related modules in order to identify comh nentst are susceptible to test
conditions.

B.2 RS103

The test results of RS 103 show that Test Specimen met acceptance criteria with one exception. The
specific deviation is as follows:.

o The DC33 card at station 26 (rack 2, slot 11) went into alarm at 490 MHZ of Front
Horizontal Test and about 16 MHZ of Front Vertical Test. It was functioning properly
during the Rear Horizontal and Rear Vertical Tests. There are other DC33 cards in the Test
Specimen, and none of them had any problem during the RS103 test.

Tables B.2-1, B.2-2, B.2-3 show the RS103 susceptibility test results. Any single module failure is
noted by an "X" mark in the "No" column.

B-3
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Table B.2-1. RSI03 Test Results - Front Horizontal.

Susceptibility Data Analysis
RS103
Measurement Point: Front Horizontal

Susceptibility Threshold
Test Frequency System Level
MHZ •.• 4:Deleted Deleted Deleted Functioning For Others Comments

K,)
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Table B.2-2. RS103 Test Results - Front Vertical.

Susceptibility Data Analysis

RS103
Measurement Point: Front Vertical

Susceptibility
Test Frequency System Threshold Level
MHZ ,bbLeted Deleted Deleted Functioning For Others Comments

_ _ _ _ _ _ _ _ (

__ _ __ _ ~_ _ _ _ __ _ _ __ _ __ _ _

Hf -I-H +

I-H- I-ti -I-f--I- 1- -I- I I-

-I-I-I- I-tI- ttt I- ± I-
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System Susceptibility
Test FrequencySystem Threshold Level
MHZ Functioning For Others Comments

TI Yes No Vim
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B.3 CS114

Detailed analysis of results indicate that the Test Specimen exhibited some degree of susceptibility
to conducted test signals for most of the frequencies ranges. Specific areas of susceptibility were as
follows:

o RTD input cardjent into alarm sometimes during the CS 114 test for the test specimen.

" DC33 at station-16 t into alarm during High Lead /Hot Wire test for test specimen.

Table B.3-1 and Table-Bh2 e CS 114 susceptibility test results. Column 2 and 3 present the
results for the whole syse n e4, y individual module's failure is considered that the system
failed. Columns 4 and 5 presenjtfhe 4Itsor the rest of the system.

Table B3 1 CJM n Test Specimen.

SusceptibiP 1alysis

CS1 14
High/Return Bundle K - A
Test Whole ' Other
Frequency System Susceptibility TC C7Lni p Skstem y
MHZ Functioning Threshold Level Functioning Functioinig F nti~oing Comments

Yes No V/m Yes INo Yes No A No

I..

I..

Yes___ No V- YeIo.e.N.es N

_______I.

High Lead / Hot Wire__

Test Whole Other
Frequency System Susceptibility TC-ik System
MHZ Functioning Threshold Level Functioningj Functioningi Functioning Comments

______Yes No__Vim- Yes No Yes No YesIo
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B.4 CSI01

The test results of CS101shKowd.
injected onto the input power hr
identified. DC33 at station 26
card at station 27. The test was

specimen was not susceptible to the interference signals
,alarms files have been reviewed and no anomalies were
-at~the beginning. It was later swapped with the DC33

rewere no more alarms from the DC33.

.'the a/-rnirl cor dentift y the test in process and the

B.5

A detailed alarm analysis was performed of
specific source of the alarm.
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HFC-6000 Control System

ERD 111 - Control System Qualification Project

EMI Testing Summary Report

C

ESD and Si Alarm Analysis
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C.1 GENERAL

ESD test was conducted on 3/24/04.
Surge Withstand test was conducted from 03/25/04 to 03/29/04.

C.2 ESD TEST

The alarm file on 3/24/04>was analyzed and compared with test log. No abnormal events were
identified. "

C.3 SURGE WITISTAND T9ST

The alarm files for surge withstdntests were analyzed and compared with test log as shown in
Table C.3-1. Most of alarms are duc &teti-s-ignals applied to test specimen. No abnormal events
were identified in the alarm files. ,

Table C.3-1. Su- Wtithstakd\Test Log and Alarms.

Date Time Event Description Q Alarms

(9:22 am),~
3/25/04 9:57am .

3/25/04

3/25/04 12:50pm

3/25/04 2:40pro

3/25/04 3:19pm

3/25/04 3:48pm

3/25/04 4:13pmr

C-2
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(8:41:00
AM)

3/26/04

3/26/04 9:00am
,, .•Y*27 7.

3/26/04 9:30am r,'.

3/26/04 11:25am

3/26/04 11:55am

(12:03pm) pm

3/26/04 12:41 pm <

3/26/04 1:25pro

3/26/04 1:41 pm

3/26/04 1:50pm

(2:00 pm)

3/26/04 3:30pm

3/26/04 3:45pm

C-3
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3/29/04 9:00am
3/29/04 10:58am
3/29/04 11:08am
3/29/04 11:19am
3/29/04 11:28am
3/29/04 11:39am ,,,_.
3/29/04 11:50am
3/29/04 12:45pi / •,. 1.
3/29/04 12:55p..I
3/29/04 1:06pm
3/29/04 1:17pm ' '' r ' -

3/29/04 1:28pm .
3/29/04 1:38pm
3/30/04 7:30am ,, , .
3/30/04 9:23am , -"

3/30/04 10:12am

3/30/04

3/30/04 10:43am .v .

3/30/04 11:01am

3/30/04 11:14am

3/30/04 11:26am

3/30/04 1:07pm

The summary is as follows:

Combination Wave Test signal

C-4
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Surge test for I/O chani

Ring Wave Test signal

Three pulses applied to each channel under test.
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1.0 PURPOSE

HFC is generically qualifying specific components of the HFC-6000 control system for nuclear
safety-related applications, in U.S. nuclear power plants. The approach taken for this qualification
effort is based on the guidance provided in EPRI-TR-107330, Generic Requirement Specification
for Qualifying Commercially Available PLC for Safety-Related Applications in Nuclear Power
Plants.

2.0 SCOPE

0 The scope of this Isolation Testing Report Summary includes Class 1E isolation. Non-Class
I E isolation will be addressed on a plant specific basis.

* Definition of the test setup and Isolation qualification testing performed by HFC on the
HFC-6000 Control System product line.

o Evaluation of test log notes recorded during the isolation testing to identify any performance
degradation of test specimen.

* Evaluation of Operating and Prudency test results obtained during the Isolation Test to
identify any performance degradation from the Baseline test results.

3.0 ABBREVIATIONS AND ACRONYMS

BOE Burst of Events
EMI Electromagnetic Interference
ESD Electrostatic Discharge
HAS Historical Archiving System
HFC Doosan HF Controls
HPAT HFC Plant Automated Tester
ICL Intercommunication Link
I/O Input/Output
RFI Radio Frequency Interference
SWC Surge Withstand Capability
TSAP Test System Application Program
vac AC voltage
VCP Vertical Coupling Plane
vdc DC voltage
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4.0 REFERENCES

TS901-000-22 HFC6000 Baseline Testing Summary Report (Rev. B)

TP0402 Operability Test Procedure

TP0403 Prudency Test Procedure

* VV0414. Master Configuration List

* TP0411 HFC-6000 Control Systems, ERD 111 - Control System Qualification
Isolation Test Procedure

5.0 HFC-6000 ISOLATION QUALIFICATION DESCRIPTION

The term "channel" and "channel to channel" in this section of the report means a "port" on an I/O
card and "port to port" interactions on the I/O card. I/O cards have multiple channels.

The HFC-6000 hardware may be installed both in an electrical equipment room and at various other
locations near the equipment under control. When I/O chassis are physically located in a remote
location with respect to the controller hardware, they will be connected to the controller by means
of a dedicated fiber-optic communication link. This link will provide the mechanism for ensuring
physical and electrical isolation between the remote I/O modules and the controller.

This document covers specific testing to demonstrate two categories of isolation:

" A fault on one channel of an I/O module will not effect the operation of other channels on
the same module.

" A fault on one channel of an I/O module will not effect the operation of other modules in the
system.

Test signals were applied to I/O channels to verify channel-to-channel isolation level requirements
and acceptance criteria are met. During the tests, HAS data was recorded for automated tests
(accuracy, response, BOE), and specific static points were monitored to detect any deviation caused
by the applied test signals. For a number of the tests, 250 VDC and 600 vac was applied to each
channel under test, and overall system response monitored for any disruption, interruption in
automated waveforms, or unexpected transitions., Due to limitations of the high power fault test
generator, certain tests were conducted with a current capacity power source with a 283 vac fault.

Acceptance criteria for Class lE are:

* No channel-to-channel interference.
" No other module affected
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If a channel successfully met the criteria for Class IE isolation at the high voltage limit, no further
test was executed for that channel type. If a channel failed to meet the Class 1E isolation
acceptance criteria at the high voltage limit, the magnitude of the test signal was reduced to a lower
level such that successful channel-to-channel and channel to module isolation was obtained once
the channel passed this lower level test, then the magnitude of the test signal was progressively
increased in order to determine the maximum level of isolation that the module could provide.

The minimum acceptable level of channel-to-channel and channel to module isolation for normal
operation 'differs for each card type. The following list presents the minimum acceptable level of
isolation for modules of the HFC-6000 Test Specimen on a channel-to-channel or group-to-group
basis.

± -30 v peak for Al channels on agroup basis

* 100 v peak for 48 vdc discrete inputs on a group basis

* 40 vdc for pulse input channels on a group basis

* 600 v peak applied for 30 seconds for 120-vac discrete output channels on a group basis

* 600 v peak applied for 30 seconds for 125-vdc discrete output channels on a group basis

* 600 vac and 250 vdc applied for 30 seconds for AO channels

* Twice the nominal output voltage for discrete output channels and serial I/O channels on a
group basis

This isolation test refers to demonstration of electrical isolation of Class lE control equipment The
tests were to run to determine the degree of isolation between one Class 1E module and other Class
lB modules in that safety channel; and the degree of isolation between I/O channels on the selected
I/O cards. The initial signal levels used for this test were as follows:

o 600 vac or 283 vac applied for 30 seconds
* 250 vdc applied for 30 seconds

For those initial tests that did not meet the acceptance criteria the tests were repeated at lower
voltage levels.

6.0 HFC-6000 ISOLATION TEST SETUP DESCRIPTION

The HFC-6000 Test Specimen consists of several modular chassis, a power supply rack, for
simulated control loops, communication hardware, and mechanical support structures in the form of
an open frame. The Test Specimen was assembled at HFC for pre-qualification testing and then
disassembled for shipment to Wyle labs for stress tests.

At the completion of the stress test the Test Specimen and reassembled at HFC for the Isolation
tests. The equipment was set up and the electrical, communication, and power cables were
reconnected, and pre testing performed in accordance with Reference 3.5. The set-up consisted of 4
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remotes: TSAP was Remote 1, HPAT was Remote 2, Single Loop Controller was Remote 3, and
Remote 4 was used to record SOE data. The HPAT contains a memory editor program that allows
the user monitor adjacent channels and cards during each test.

Throughout the Isolation testing, the test engineer recorded data in a variety of ways. The HAS
logger was running to record the data on adjacent channels and automated tests running in the
background. SOE data was recorded from Digital I/O cards and it records at a higher rate than the
HAS logger. The test log book was used by the test engineer to record the dates and times of each
test and all results seen during the test. This logbook will be referred to many times in the test
results to describe-observances and also to fill in gaps when HAS or SOE data was not available.
The last record of data is found at the end of the.test procedure TP041 1. This recordwas initialed
and dated by the test engineer. Throughout the test results below all these methods will be
mentioned to provide a description of the performance of the test specimen during Isolation testing.

7.0 ISOLATION TESTING

Isolation testing was performed in accordance with HFC Isolation Test Procedure (Reference 3.5),
and the results of that test are covered in this report. A representative I/O channel from each type of
I/O module in the test specimen was exposed to the indicated level of test signals.

The following channels were tested and results included in thistest report:

4 to 20 mA AI:

RTD input:

48-vdc discrete input:

Pulse input channels:

4-20 mA analog output:

Solid-state ac discrete output:

Solid-state dc discrete output:
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Relay discrete output:

8.0 TEST EVALUATION

8.1 Results

8.1.1 4-20 mAAI

Test results of a channel on an All 6F card shows that HFC-AI16F board meets the Class lE01
acceptance criteria

o for test signals at 250 vdc and 283 vac with no module other than the module under test
being affected

* for test signals of 250 vdc 40 vac with no channel other than the channel being affected

8.1.2 RTD Input Channel
Test results of a channel on an AI8M card shows that the AI8M module meets the acceptance
criteria

* for test signals at 250 vdc and 600 vac with no module other than the module under test
being affected

* for test signals of 250 vdc and 283 vac with no channel other than the channel being affected

8.1.3 48 vdc Discrete Input Channel

Test results of a channel on an HFC-DC34 card (station 20) in test specimen passed both the 250
VDC and 600 VAC tests without channel-to-channel effects or module to module effects.

Test results of a channel on an HFC-DC33 card showed no adverse channel-to-channel effects or
module-to-module effects during tests at 250 vdc and 283 vac.

Test results of a channel on an HFC-D1161 card showed no adverse channel-to-channel effects or
module-to-module effects during either test at 250 vdc or 600 vac.

8.1.4 Pulse Input Channel

Test results of a channel on an HFC-AI4K card showed no adverse channel-to-channel or module to
module effects during tests at 250 vdc or 600 vac.

8.1.5 Analog Output Channel

Test results of a channel on an HFC-AO8F card showed no adverse channel-to-channel or module
to module effects during tests at 250 vdc or 600 vac.
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8.1.6 AC Discrete Output Channel

Test results of a channel on an HFC-DC33 card showed no adverse channel-to-channel effects or
module-to-module effects during either test at 250 vdc and 283 vac.

8.1.7 DC Discrete Output Channel

Test results of a channel on an HFC-DC34 card showed no adverse channel-to-channel effects or
module-to-module effects during either test at 250 vdc and 283 vac.

8.1.8 Relay Discrete Output Channel

Test results of a channel on an HFC-DO8J card showed no adverse channel-to-channel effects or
module-to-module effects during.tests at 250 vdc and 600 vac.

8.2 Anomalies

When applied 600 vac voltages to the AI4K card under test (station 58) D1161 card (station 36) in
another rack also reported alarm at that time.

Resolution: The D1161 card was located a relatively long distance from the AI4K in a different
rack. The alarm is considered random and independent of the D1161 test.

9.0 SUMMARY

The analog output channel on HFC-AO8F, discrete input channel on HFC-DC34, discrete output on
HFC-DO8J, discrete input channel on DI161 and pulse input channel on HFC-AI4K passed all Class
lE requirements with 600 vac and 250 vdc applied. While several cards experienced destructive
failure of the test channel, adjacent channels and modules showed no adverse effects. These tests
met the acceptance criteria.

Discrete input and output channel on HFC-DC33, discrete output channel on HFC-DC34 DC
Discrete Output passed Class 1E requirements and no channel to channel interference requirements
with 283 vac and 250 vdc applied.

The card HFC-A1161 passed no module to module interference criteria with 283 vac and 250 vdc
applied. It passed no channel to channel interference with up to 40 vac applied, which result in
damage to the test channel but no other channels were affected.

The card HFC-AI8M passed no module to module interference criteria with 600 vac and-250 vdc
applied. It passed no channel to channel interference with up to 280 vac applied, which result in
damage to the test channel but no other channels were affected.
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Certain cards were only tested to 283 vac due to limitations of the HFC test equipment. These cards
are analog input channel on Al16F, discrete input and discrete output channels on. DC33, and
discrete output channel on DC34.

Doosan HFC has concluded that all modules that are part of the qualification testing have completed
successful isolation testing.
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A.1 GENERAL

This attachment provides a detailed evaluation of results for the isolation test cases.

A.2 1E01 AND IS01 TESTING

For the current input (4 to 20 mA) AI16F module, 600 vac and 250 vdc was applied to
the test channel for 30 seconds.

A.2.1 Channel under Test: 1,AI,894.(HFC-AI16F)

Channel 1, AI,894 experienced test voltages on .4/22/04 at the HF Controls facility
between 2-3pm. At 2:26pm, a 250 vdc signal was applied for 30 seconds to the channel.
Other channels were monitored both manually and recorded through HAS logger.

At the time of testing, HAS was logging data on an adjacent channel 1,AI,889, this
channel is monitored through 1,BL,510, 1,BL,514, and 1,BL,516 signals. The data for
these channels can be seen in Figure A.2-1 below, and shows no signs of disturbance
from the channel under. test.

Test Channel 1,AI,894 (2:26 pm, 250VDC)

:F 80.

40 ----- 1,BL,510i~ii -N-.-1, B L, 514

40. - 1,BL,516

< 20 .

4/22/04 4/22/04 4/22/04 4/22/04 4/22/04 4/22/04
14:24:43 14:25:26 14:26:10 14:26:53 14:27:36. 14:28:19

Time (sec)

Figure A.2- 1, 1,AI,894 No Disturbance at 250 vdc Test.

At 2:39pm, a 150 vac test signal was applied to channel 1,AI,894. The HIPOT fault test
generator unit tripped at this point due to limitation of the test device. Later on 6/4/04 at
3:09pm, a 283 vac was applied to the card and the following observations recorded;'

1) All channel outputs changed to FFFF indicating the 1O card lost communications.

Since the adjacent channels on the card under test were affected by the 283 vac signal,
HFC concluded that the HFC-AI16 card needs to go through additional ISO1 testing to
evaluate channel to channel interactions.
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By looking at the Accuracy data taken from other cards during .the same 283 vac time
period and witnessing no disturbances on these other cards, HFC verified that no other
cards other than the card under test were affected. In summary, other channels on the
module being tested were disrupted, but no other module was disrupted. Further channel
to channel testing would be required for the Al card.

Figure A.2- 2, lEO1 Accuracy Data.

1,BL,506 is associated with 1,AI,881 and used for the Al accuracy test. The data from
Figure A.2-2 shows that channel AI,881 was affected when the 283 vac fault was applied.
No malfunctions of other modules in the system were observed. Alarm files on 4/22/04
are listed in Table A.2-1 and show that at 14:18, several channels from the AI16F card
had alarms for a few minutes. Then at 14:32, those channels had alarm again. No other
modules in the system showed alarms. The time ranges match the testing periods. So,
for the application of the. 283 vac fault, HFC can conclude that in both conditions,
channels on the same card were affected,"but no adjacent modules were affected.

Table A.2- 1. Alarms during Isolation Test on AI16F Al.

TIME ,NAME~ DESCRIPTION V ALUE~

14:18:49 1,FL,69 LINK 0 STATION 52 FAIL 1

14:18:52 1,FL.69 LINK 0 STATION 52 FAIL 1
14:18:59 1,FL,69 LINK 0 STATION 52 FAIL 1
14:19:02 1,FL,69 LINK 0 STATION 52 FAIL 1
14:19:05 1,FL,69 LINK 0 STATION 52 FAIL 1

14:19:08 1,FL,69 LINK 0 STATION 52 FAIL 1
14:19:10 1,FL,69 LINK 0 STATION 52 FAIL 1
14:19:53 1,FL,69 LINK 0 STATION 52 FAIL 1
14:19:57 1,FL,69 LINK 0 STATION 52 FAIL 1
14:20:03 1,FL,69 LINK 0 STATION 52 FAIL 1
14:20:05 1,FL,69 LINK 0 STATION 52 FAIL 1
14:20:07 1,FL,69 LINK 0 STATION 52 FAIL 1
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~ TIME~ NAME < DESCRIPTION VALUE

14:20:10 1,FL,69 LINK 0 STATION 52 FAIL 1

14:20:12 1,FL,69 LINK 0 STATION 52 FAIL 1
.14:31:56 1,FL,69 LINK 0 STATION 52 FAIL 1
14:33:22 1,FL,69 LINK 0 STATION 52 FAIL 1

14:33:32 1,FL,69 LINK 0 STATION 52 FAIL 1

On 10/12/04, 30 vac test signal was applied to the channel for 30 seconds. The channel
was working normally, and there were no affects on other channels. Subsequently, 40 vac
resulted damage to l,AI,894's resistor R73, but there was no affect on other channels.
The test at 40 vdc met the acceptance criteria of no channel to channel interaction as
Figure A.2-3 shows the operation of two adjacent channels and there were no disruption
to these channels during the test. The test at 40 vdc met the acceptance criteria of no
channel to channel interaction.

Isolation Test Channel - 1,AI,894

100 - 7 7 ¶ 7 __

80

60

20 ~_____

10/12/04 10/12/04 10/12/04 10/12/04 10/12/04 10/12/04 10/12/04 10/12/04 10/12/04 10/12/04 10/12/04 10/12/04
15:22:19 15:23:02 15:23:46 15:24:29 15:25:12 15:25:55 15:26:38 15:27:22 15:28:05 15:28:48 15:29:31 15:30:14

[ *-- 1, ,BL, 506 1, ,BL, 510 1

Figure A.2- 3, Adjacent Channels to 1,AI,894 at Channel-to-Channel Isolation Test

The data shows that the Class lE01 testing meets the acceptance criteria that no other
modules were affected at 250 vdc and 283 vac;. and no other channels on a single module
were affected at 250 vdc and 40 vac.

A.3' 1E02 AND IS02 TESTING

A.3.1 Channel under Test: 1,AI,965 (HFC-AI8M)

On 4/22/04 at 3:22 pm, 250 vdc was applied to 1,AI,965 for a thirty second period.
Adjacent channels were monitored through. memory editor on the HPAT. Adjacent
AI8M channels and other modules were monitored on the diagnostic window. Neither
failures nor disturbances were detected during testing.

On 4/22/04 at 3:31 pm, 600 vac was applied to 1,AI,965 for a thirty second period. All
channels were seen changing in memory editor, verifying the 600 vac affected adjacent
channels on the same card. No other modules were affected. HFC concluded that
additional testing for the vac faults was required.
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Figure A.3-1 shows the adjacent RTD channel value changes during those periods. The
RTD values did not change by more than 0.5 % from 4/22/21 until 3:25 on 4/22/04. This
shows that 250 vdc had no affect on these channels. The figure shows that 600 vac at
3:31 pm had affects on all these channels.

Alarm files as in Table A.3-1 shows that channels on the same card reported alarms at
15:23 and then at 15:30.

Subsequent to the 600 vac test, progressively increasing fault signals up to 240 vac test
signal were applied to the test channel for 30 second on 10/12/04. The channel continued
to perform normally and there were no affect to other channels. The 280 vac resulted in
fuse F5 on the channel under test blowing out, but there was no affect on other channel
effects. This fuse failure is acceptable.

The data shows that Class 1E02testing meets the acceptance criteria that no other module
was affected at 250 vdc and 600 yac, and no other channel to channel affects occurred at
250 vdc and 280 vac. All acceptance criteria were met at these fault levels.

The HFC-AI8M board meets the Class 1E02 acceptance criteria of no other module
affected and no channel-to-channel interference.

RTD during Isolation Test

90 ••;

60

50

4/22/04 4/22/04 4/22/04 4/22/04 4/22/04 4/22/04 4/22/04
15:24:29 15:25:55 15:27:22 15:28:48 15:30:14 15:31:41 15:33:07

1, ,BL, 10

--- 1 ,BL,528

1,BL,546
.... <--1, BL, 548

Figure A.3- 1, RTD Channels during Isolation Test.
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Table A.3- 1. Alarms during Isolation Test on RTD card.

TIME NAME DESCRIPTION YALUE

15:23:11 1,FL,73 LINK 0 STATION 56 FAIL 1

15:23:12 1,BL,10 AIC AI,962 AI8M 1-4-9 FL,73 68.12

15:23:12 1,BL,528 AIC AI,961 AI8M 1-4-9 FL,73 77.18

15:23:12 1,BL,546 AIC AI,968 A18M 1-4-9 FL,73 68.92

15:23:12 1,BL,549 AICAI,963A18M 1-4-9 FL,73 78.65

15:30:18 1,FL,73 LINK 0 STATION 56 FAIL 1
15:30:19 1,BL,10 AIC AI,962 A18M 1-4-9 FL,73 68.12

15:30:19 1,BL,528 AIC AI,961 AI8M 1-4-9 FL,73 77.2

15:30:19 1,BL,546 AIC AI,968'AI8M 1-4-9 FL,73 68.98

15:30:19 1,BL,549 AIC AI,963 A18M 1-4-9 FL,73 78.73

15.30:43 1,FL,73 LINK 0 STATION 56 FAIL 1

15:30:43 1,BL,10 AIC AI,962 AI8M 1-4-9 FL,73 67.55

15:30:43 1,BL,528 AIC AI,961 AI8M 1-4-9 FL,73 78.2

15:30:43 1,BL,546 AIC AI,968 AI8M 1-4-9 FL,73 68.04

15:30:43 1,BL,549 AIC AI,963 A18M 1-4-9 FL,73 78.55

15:30:49 1,FL,73 LINK 0 STATION 56 FAIL 1

15:30:52 1,FL,73 LINK 0 STATION 56 FAIL 1

15:31:33 1,BL,528 AIC AI,961 AI8M 1-4-9 FL,73 73.04

15:31:33 1,BL,546 AIC AI,968 AI8M 1-4-9 FL,73 52.51

15:31:33 1,BL,549 AIC AI,963 AI8M 1-4-9 FL,73 63.69

A.4 1E06 AND IS06 TESTING

A.4.1 Channel under Test: 3,DI,32 (HFC-DC34)

On 4/22/04 at 3:55 pm, 250 vdc was applied to 3,DI,32 for thirty-four seconds. The
logbook indicates that the input resistor was burned on the channel under test. No affects
on adjacent channels were noticed by observing the Memory Editor screen. No HAS
data logging was configured for this card. On 4/22/04 at 4:24 pm, 600 vac was applied to
3,DI,32 for a thirty second period. Again, no affects were noted. No alarms were
observed during this test period. -

This card passed both the 250 vdc and 600 vac tests without channel-to-channel affects or
module to module effects. This card passed both 1E06 and IS06 testing.
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A.4.2 Channel under Test: 1,DI,325 (HFC-DC34)

On 4/22/04 at 4:30 pm, 250 vdc was applied to 1,.DI,325 for thirty seconds. The logbook
indicates that no affects were seen.- HAS data was recorded during this period and shows
no affects. The HAS data monitored channel 1,DI,329 and is shown in Figure A.4-1
below. There are no disturbances during the thirty-second period except the last point
which occurred after testing had completed.

Test Channel 1,DI,325 (4:30 pm, 250 VDC)

C)

M

1.2

1

0.8

0.6

0.4
0.2

0

4/22/04 4/22/04 4/22/04 4/22/04 4/22/04 4/22/04
16:29:17 16:30:00 16:30:43 16:31:26 16:32:10 16:32:53

Time (sec)

-.. 1,DI,29]

Figure A.4- 1, No Disturbances During 250 vdc Test.

On 4/22/04 at 4:36 pm, 600 vac was applied to 1,DI,325 for a thirty second period.
Again, no affects were noticed. The HAS data taken during this testis in Figure A.4-2.

Test Channel 1,DI,325 (4:36 pm, 600 VAC)

1.2 -

1

.8 080 =, .6 1,_. 1,__ 2
E 0 .4 '

0.2

0
4/22/04 4/22/04 4/22/04 4/22/04 4/22/04

16:35:02 16:35:46 16:36:29 16:37:12 16:37:55

Time (sec)

Figure A.4- 2, No Disturbances during 600 vac.
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Table A.4- 1. Alarms during Isolation Test for 1,DI,325.

•1,TIME :- NAME V DESGRIPTION .. .JNVALUE.

16:31:16 1,FL,37 LINK 0 STATION 20 FAIL 1

During the test period, only this card (station 20) went into alarm because the board was
removed momentarily to observe input channel components and the board was then
reinstalled. This alarm is a normal expected occurrence.

The HFC-DC34 passed both the 250 vdc and 600 vac tests without channel-to-channel or
module to module effects. This card passed both 1E06 and IS06 testing.

A.4.3 Channel under Test: 1,DI,265 (HFC-DC33)

On 4/22/04 at 4:42 pm, 250 .vdc was applied to 1,DI,265 for thirty seconds. The logbook
recorded no adverse affects during the test. HAS data was recorded during this period
and shows no affects. The HAS data monitored channel 1,DI,269 and is shown in Figure
A.4-3 below. There are no thirty-second periods of disturbances seen in the data.

1,DI,265 at 4:42 pm (250 VDC)

1.2

1
0.8

0.6

E 0.4

0.2

0

4/22/04 4/22/04
16:41:23 16:41:40

4/22/04 4/22/04 4/22/04 4/22/04 4/22/04 4/22/04 4/22/04
16:41:57 16:42:14 16:42:32 16:42:49 16:43:06 16:43:24 16:43:41

Time

Figure A.4- 3, No Disturbances at 250 vdc.

On 4/22/04 at 4:47 pm, 600 vac was intended to be applied to 1,DI,265 for a thirty second
period. However using the HIPOT fault generator tester, only 28 vac was applied before
the HIPOT tripped. The test was repeated later at 5:27 pm on 5/26/04 using the Variac
transformer to apply 283 vac for thirty seconds. No affects on adjacent channels were
noticed. No alarms were noted during the test period. The HAS data shown in Figure
A.4-4 was taken during the 4:47 pm time period.

8
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1,DI,269 at 4:47pm (600 VAC)

0.8
0,6

Ei 0.4
1 2

0

4/22/04 4/22/04 4/22/04 4/22/04 4/22/04 4/22/04 4/22/(
16:46:16 16:46:34 16:46:51 16:47:08 16:47:25 16:47:43 16:48:

04 4/22/04 4/22/04 4/22/04
00 16:48:17 16:48:35 16:48:52

Time

Figure A.4- 4, No Disturbances at 600 vac.

The HFC-DC33 card showed no adverse affects during either test so it passed 1E06 and
IS06 for 250 vdc and 283 vac.

A.4.4 Channel under Test: 1,DI,311 (HFC-D1161)

.On 4/22/04 at 5:19 pm, 250 vdc was applied to 1,DI,3 11 for thirty seconds. The logbook
recorded no adverse affects. No HAS data was configured to be logged for monitoring
this channel.

On 4/22/04 at 5:24 pm, 600 vdc was applied to 1,DI,3 11 for thirty seconds. The logbook
recorded no adverse affects.

The alarm file shows only the DT161 card went into alarm because the board was
removed momentarily for inspection. This alarm is a normal expected occurrence No
other modules were affected.

4I

Table A.4- 2. Alarm Records during Testing of 1,DI,311.

TIME 1NAME LINK DESCRIPTION VA L 1UE

17:18:03 1,FL,36 LINK 0 STATION 19 FAIL 1
17:21:14 1,FL,36 LINK 0 STATION 19 FAIL 1

The D1161 card passed both the 250 vdc and 600 vac tests with no channel to channel or
module to module effects. The HFC-D1161 card met the 1E06 and IS06 acceptance
criteria.
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A.5 1E07 AND IS07 TESTING

A.5.1 Channel under Test: 1,AI,1021 (HFC-AI4K)

On 4/23/04 at 9:10 am, 250 vdc was applied to 1,AI,1021 for thirty seconds. The
logbook recorded no adverse affects. HAS data was not recorded during this period.

On 4/23/04 at 9:18 am, 600 vac was applied to 1,AI,1021 for thirty seconds. The

logbook recorded no adverse affects. HAS data was not recorded during this period.

Examination of alarm log files showed no system alarm during the test period.

The HFC-AI4K showed no adverse channel-to-channel affects and no other modules
were affected during test at 250 vdc and 600 vac. The AI4K module passed 1E07 and
IS07 acceptance criteria.

A.6 1E08 AND IS08 TESTING

A.6.1 Channel under Test: 1,AO,822 (HFC-AO8F)

On 10/13/04 at 9:33 am, 600 vac test signal was applied to 1,AO,822 for thirty seconds.
Fuse F8 (1,AO,822 fuse) failed. There were no affects on other channels or other
modules. The fused was replaced and the channel starts working again. The test passed
the acceptance criteria for the 600 vac test.

At 9:51 am, 250 vdc was applied to the channel for thirty seconds. The fuse F8 failed
again. There was no affect on other channels and no affects on other modules.

The AO8F card met the channel to channel and module to module acceptance criteria for
the tests at 250 vdc and 600 vac.

The HFC-AO8F passed both 1E08 and IS08 acceptance criteria.

A.7 1E09 AND IS09 TESTING

A.7.1 Channel under Test: 1,DO,262 (HFC-DC33)

On 4/26/04 at 10:37 am, 250 vdc was applied to 1,DO,262 for thirty seconds. The
logbook recorded no adverse affects. No HAS data was configured to be logged for
monitoring this point.

On 4/26/04 at 10:45 am, using the HIPOT tester, only 79 vac could be applied before
tripping the tester. Therefore, on 5/27/04 at 9:40 am, the Variac Transformer was used to
apply 283 vac for thirty seconds. No affects on adjacent channels were noticed. No
impact on other modules was noticed. The DO channel under test was operable, however
some burnt traces were noticed on the card under test.

10
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No alarms were reported during the testing period.

The DC33 card met the channel to channel and module to module acceptance criteria for
tests at 250 vdc and 283 vac.

The HFC-DC33 met the 1E09 and IS09 acceptance criteria.

A.8 lE010 AND IS010 TESTING

A.8.1 Channel under Test: 1,DO,82 (HFC-DC34)

On 4/23/04 at 10:55 am, 250 vdc was applied to 1,DO,82 for thirty seconds. The logbook
recorded no adverse affects. HAS data recorded at that time supports this statement by
showing the adjacent channel 1,DO,81 monitored through 1,DI,89 in Figure A.8-1 below.

Test Channel 1,DO,82 (10:55 am, 250VDC)

1.2

0.,

E 04
0.2

0
4/23/04 4/23/04 4/23/04 4/23/04 4/23/04 4/23/04 4/23/04 4/23/04 4/23/04
10:52:19 10:53:46 10:55:12 10:56:38 10:58:05 10:59:31 11:00:58 11:02:24 11:03:50

Time (sec)

Figure A.8- 1, No Disruption at 250 vdc.

On 4/23/04, only 192 vac was reached before tripping the HIPOT tester. Therefore, on
6/1/04 at 3:57 pm, 283 vac was applied using the Variac Transformer. During the test the
DO point remained on until the 283 vac source tripped after several seconds. The
adjacent DO channel was not disturbed. It is noted that diode D13 was shorted after
testing.

No alarms were reported during the testing period.

The adjacent channels and no other modules were affected.

The HFC-DC34 met the channel to channel and module to module lE010 and ISOM0
acceptance criteria for 250 vdc and 283 vac.
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A.9 1E012 AND IS012 TESTING

A.9.1 Channel under Test: 3,DO,56 (HFC-DO8J)

On 4/23/04 at 10:29 am, 250 vdc was applied to 3,DO,56 for thirty seconds. The logbook
recorded no adverse effects. No HAS data was configured to be logged to monitor this
point.

On 4/23/04, 600 vac was applied to the test channel. No adverse effects were noticed.

No alarms were reported during the testing period.

The HFC-DO8J met the channel to channel and module. to module 1E012 and IS012
acceptance criteria at 250 vdc and 600 vdc.

12
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1.0 PURPOSE

HFC is generically qualifying its HFC-6000 control system for nuclear safety-related
applications in U.S. nuclear power plants. The approach taken for this qualification effort
is based on the guidance provided in EPRI-TR-107330, Generic Requirement
Specification for Qualifying Commercially Available PLC for Safety-Related
Applications in Nuclear Power Plants.

This document specifically addresses the. Post Qualification Test segment of the
qualification testing program. This test was performed after the equipment was returned
from Wyle the first time.

2.0 SCOPE

" Evaluation of Operability and Prudency tests performed during the post qualification
testing to identify any performance degradation from the Operability and Prudency
results established in the Baseline Report (TS901-000-22).

o Evaluation of all anomalies detected during the course of the Post Qualification test.

3.0 REFERENCES AND ACRONYMS

3.1 References

TS901-000-22 HFC6000 Baseline Testing Summary Report
TP0402 Operability Test Procedure
TP0403 Prudency Test Procedure
VV0414 Master Configuration List
Manual Hand-written HFC Test Log

3.2 Acronyms

BOE Burst of Events
DDB Dynamic Database
HAS Historical Archiving System
HFC HF Controls
HPAT HFC Plant Automated Tester
ICL Intercommunication Link
PLC Programmable Logic Controller
RTD Resistance Temperature Detector
SOE Sequence of Events
TSAP Test System Application Program
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4.0 POST QUALIFICATION TEST DESCRIPTION

The Post Qualification Test is a repeat of the Operability and Prudency testing that was
performed during the Pre-Qualification Test. This test was performed following the
return of the equipment from Wyle after the first seismic test. Refer to the Baseline
Report (TS901-000-22) for the test description.

5.0 POST QUALIFICATION TEST SETUP

The Post Qualification Test is a repeat of the Operability and Prudency testing that was
performed during the Pre-Qualification Test. Refer to the Baseline Report (TS901-000-
22) for the test setup. It should be noted that the HAS logger configuration was modified
before the start of the post qualification test. More specifically, the deadband for the
logging was changed from 0.5 to 0.0 so that any change in the value of the configured
points would trigger the logging of the points. In addition, DDB request tables for TSAP
and HPAT were also modified to eliminate unnecessary points from the DDB broadcast.
This latter change was made to ensure that the entire DDB broadcast would be completed
once every second. The detailed changes are listed in Table' 1.

Table 1. Modification of DDB Request Tables for TSAP and HPAT During Post
Qualification Test.

Iwrn bbr of Point~s Broadcasted __

Point IDi ISP (Remote 1) ~ HP~AT{I(Remote 2)

Old' Ne Old Ne $ tiw
DI 1500 800 7000 300

DO 1500 800 7000 300
FL 20000 3000 20000 3000
CO 8000 200 100 100
MS 1000 .500 500 300
DF 1000 0
BL 1370 600 1370 400
Tt 0 150

6.0 POST QUALIFICATION TEST SEQUENCE

6.1 System Setup and Checkout Tests

6.1.1 General

An abbreviated System Setup and Checkout Test was performed at HFC after the test
specimen was returned from the Wyle Laboratory test facility after the first seismic test,
prior to Post qualification testing performed at HFC. This testing was to verify that the
equipment was functioning, that all interconnecting wiring had been installed correctly,
and that communication had been established before starting the Post Qualification Test.
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6.1.2 Results

This test was run and all equipment was configured as required.

•6.1.3 Anomalies

Any anomalies that were found were resolved prior to completion of the procedure.

6.1.4 Summary

All assemblies met the acceptance criteria for the set-up and check-out test upon
completion of the procedure.

6.2 Operability Test

6.2.1 General

The HFC-6000 control system (Test Specimen) was configured for generic qualification•
as it was for the baseline testing, and Post Qualification Operability Testing was
performed to evaluate system performance against the baseline testing (Appendix PQ.A).

6.2.2 Results

* All applicable operability tests, with the exception of the Power Quality Tolerance
Test, were performed at the HFC site after completion of the first round of
qualification tests at Wyle Laboratories. The results of these tests are documented in
Appendix PQ.A.

" Manual AO accuracy test results are within the 0.1% acceptance range and are
consistent with pre qualification test results.

* Manual pulse card accumulate mode test results demonstrate a significant
improvement over those from pre-qualification test. More specifically, the accuracy
was 0.00%-0.227% at prescaler 1 and was 0.001%-0.065% for prescaler 100,
compared to pre-qualification results of 0.156%-1.139% at prescaler 1 and 0.127%-
1.093% at prescaler 100.

* Manual pulse card rate mode test measurements from 8-bit mode are in line with pre-
qualification test results; However, measurements from 12-bit mode show significant
improvement over pre-qualification test at low frequency range: 0.005% vs. 1.79% at
50 Hz, and 0.005% vs. 0.294% at 600 Hz.

o Automated AO results were well within the acceptance range and are consistent with
pre-qualification test.

* Manual and automated analog response time results from the post qualification test
deviate less than 10% from the pre-qualifications results.
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* Discrete input operability test demonstrated that DI channels met all of the acceptable
criteria for the set voltage level, dropout voltage, andthe maximum input voltage.

" Results for other operability tests are presented in Section 6.4 or related sections of
Baseline Report (TS901-000-22).

6.2.3 Anomalies

* Manual Al Accuracy Test: The post qualification test was conducted with a
replacement card, serial number 31030007. The test result did not meet the 0.1%
acceptance criteria, which is in line with pre-qualification results. However, AI
deviations in post qualification test are generally higher than those obtained from
baseline measurements: 0.202%-0.588% vs. 0.148-0.322%.

Resolution: The card was found out to be out of calibration. After being recalibrated,
the same channel was retested, and the results.met the 0.1% acceptance criteria.
Larger deviation in the post qualification test may be the results of the adverse effect
of the stress tests on the Al cards.

RTD Manual Test: Channel 8 was not tested because it was having a bad contact.
Neither channel 1 nor channel 2 met the 0.1% acceptance criteria over their operating
range. By contrast, in the pre-qualification test, channel 1 met the 0.1% criteria,
whereas channel 2 did not meet the criteria over the entire temperature range.

Assessment: The simulation resistors changed value during the environmental test
and the terminals were damaged by the seismic test. In addition, connecting and
disconnecting wires from the terminals can change contact resistance by more than 1
ohm, which will produce more than 0.1% change in indicated temperature.

Automated Al Accuracy Test: A different Al card was used during the post
qualification test. Although the deadband of HAS logger was changed from 0.5 to
0.0 in the post qualification test, the Al accuracy results are still outside the
acceptance range of 0.1%. Nonetheless, post qualification results do improve over
thepre-qualification results although two different Al cards were used in these tests.
Post qualification results also show apparent trend of lower deviations with higher
input signal levels.

Assessment: The out of range accuracy is due to the following factors:

It is likely that the card was not calibrated to 0.1% accuracy over the entire
operating range prior to this test,
The deviation of the Al channel being monitored includes the inaccuracy factors
of an AO channel in the HPAT and the AI channel in the Test Specimen. -
The 100 cycle moving average function in the Al card in conjunction with the
input filter on the Al card prevent the Al image from reaching the actual input
value for approximately 10 seconds. During this process, the image value is
constantly changing

Page 7 of 27 Non-Proprietary



Post Qualification Testing Summary Report TS901-000-29
Rev B

The Al accuracy test waveform consisted of a step signal with the analog value
held at a set value for 20 seconds at each step. The HAS logged data once every 2
seconds, and this operation was in no way synchronized with the test waveform.
Consequently, the archive does not preserve any way of precisely correlating a
data point from one execution of the test with a data point from another execution
of the same test.

o Automated RTD Test: In post. qualification test, 1,BL,528 and 1,BL,548 show higher
temperature readings, but 1,BL,10 shows lower temperature reading than the
corresponding pre-qualification results.

Assessment: The simulation resistors changed value during the environmental test
and the terminals were damaged by the seismic test. In addition, connecting and
disconnecting wires from the terminals can change contact resistance by more than 1
ohm. Both factors could have contributed to the deviations.

* Automated Digital Response Test: 1) A wiring inconsistency was identified: in pre-
qualification test, the HPAT square waveform was wired to 4,DI,9; it was rewired to
4,DI,16 in post qualification test. 2) The response time from direct measurement did
not meet the 100 ms acceptance criterion. 3) Post qualification measurements also
displayed a significantly larger standard deviation

Resolution: 1) The wiring error did not affect the proper execution of the test. 2)
Although direct response time measurement was larger than 100 ins, it deviated less
than 10% from the pre-qualification result. 3) A larger standard deviation may be a
sign of system degradation from the stress tests.

6.2.4 Summary

Due to data missing or other reasons in the pre-qualification test, a number of post
qualification operability results were used to supplement the Baseline Report (TS901-
000-22). For those operability tests that were available in the pre-qualification test, the
corresponding results from the post qualification test clearly showed an adverse effect of
the stress tests on the system operability performance.

6.1 Prudency Test

6.3.1 General

The HFC-6000 control system (Test Specimen) was configured for generic qualification
as it was for the baseline testing, and Post Qualification Prudency Testing was performed
for evaluating system performance against the baseline testing (Appendix PQ.B).
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6.3.2 Results

" All applicable prudency tests, with the exception of the Serial Link Noise Test and
Fault Simulation Test, were performed at the HFC site after equipment shipped back
from Wyle labs. The results of these tests are documented in Appendix PQ.B.

* The averaged deviations at 10% for all three AIs vs. BOE source signal meet the
0.32% acceptance criteria, which is consistent with pre-qualification results.

* Results for other Prudency tests are either included in Section 6.5 or related sections
of Baseline Report (TS901-000-22).

6.3.3 Anomalies

o Digital BOE Test: 1) A wiring inconsistence was identified: the digital BOE points
logged during the pre-qualification and Wyle tests were 4,DI,24 to 4,DI,30; however,
they were.changed to 4,DI,28 to 4,DI,36 in the post qualification test. 2) A total of 6
contact bounces from 4 channels occurred during the test period, a moderate
increment from four occurrences during the pre-qualification test.

Resolution: 1) The wiring error did not affect the system performance evaluation
since one point is sufficient to provide a proper evaluation of system digital BOE
performance; 2) The fact that no contact bounces were detected during the seismic
retest, which was conducted after the post qualification test, demonstrated that the
higher occurrences of contact bounces can be treated as random events. Refer to test
report TS901-000-35 for the digital BOE results in the seismic retest.

* Digital BOE Test: 6 abnormal transitions were recorded: one occurred at 8:25:29.46
AM from channel 4,DI,28, the other five occurred 64 ms later for channels 4,DI,28,
4,DI,30, 4,DI,31, 4,DI,33, 4,DI,34.

Assessment: Observations from SOE data: the abnormal transition at 8:25:29.46 AM,
i.e., 1.8545 s transition, was immediately followed by another abnormal transition and
a contact bounce and the other five abnormal transitions were short transitions of -60
ms and they were all immediately followed by a contact bounce except for 4,DI,30.

* Analog BOE Test: In the assessment of BOE source signal versus the TSAP Al
signals, it was found that for the 90% level signal, 1,BL,510 and 1,BL,514 were
within 0.32% BOE source signal, whereas 1,BL,516 was not. By contrast, in pre
qualification test all three Al signals deviated more than 0.32% from the BOE source
signal at 90% level.

Resolution: HAS deadband was set to 0 versus 0.5 used in pre qualification test. In
addition, a different Al card that involved 1,BL,510 and 1,BL,514 was used in the
post qualification test. The improved accuracy could be the result of combination of
these two factors.
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o Serial Link Noise Test and Fault Simulation Link Test were not performed during the
post qualification test.

Assessment: Serial Link Noise Test was performed during the in-house test for the
seismic retesting program. Refer to Seismic Retest In-house Retesting Summary
Report (TS901-000-34) for more detail. The Fault Simulation Link Test was covered
by the Failover Operability Test.

6.3.4 Summary

BOE results were generally in line with the baseline test, with the exception of the
occurrence of 5 abnormal transitions in the digital BOE test.
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_PQ.A.1 General

The purpose of this attachment is to document the results of the Post Qualification
Operability Tests which were performed following the return of the equipment from the
first round of tests at Wyle. The Post Qualification Test is a repeat of the Operability and
Prudency testing that was performed during the Pre-qualification Testing.

For ease of comparison to the Post Qualification test results, this appendix is organized to
follow the same section numbering as in the Baseline Report Appendix A (Operability
Test) and Appendix B (Prudency Test), adding PQ (e.g. Appendix PQ.A) to distinguish
the Post Qualification. If a section is not applicable to the Post Qualification testing the
section numbering will be maintained with that section being indicated as "Not
Applicable".

There are areas where the Post Qualification test results and analysis have to be used to
supplement missing or insufficient Pre-qualification testing data. Where the Post
Qualification data and analysis is used in the Baseline section of the report it will not be
repeated in the Post Qualification test results and that section will be marked "Refer to
the applicable Section of the Baseline report".

PQ.A.2 Manual 4-20 mA Al Channel Accuracy (Section 4.1.1)

The original A1l6F card used for Al accuracy test during qualification was damaged by
the Isolation Test. The post qualification test was conducted with a replacement card,
serial number 31030007. As a replacement, this card was placed in a spare slot of TSAP
and thus went through all the Wyle qualification test process. The manual test results are
shown in Table PQ.A.2-1.

The test results are out of the 0.1% acceptance criteria. The table shows that the
deviations became higher at higher signal input levels, which is consistent with the
baseline results. In order to determine why the card exceeded the acceptance limits, the
card was subjected to a calibration test and found to be out of calibration. After being
recalibrated, the same channel was retested, and the results are shown in Table PQ.A.2-2.
It is clear that the results met the 0.1% acceptance criteria, and the magnitude of
deviation is not a function of the signal input levels.

Results in Table PQ.A.2-1 also indicate that the Al accuracy during the post qualification
test were less accurate than the baseline results established from pre-qualification test.
However, it should be noted that the pre-qualification and post qualification Al tests were
performed on different cards.
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Table PQ.A.2-1. Manual Al Channel Accuracy Data - Post Qualification.

Static Step Inlput to Al Output from Al! Al ChannelAccuracy (1 f~
ý4-20 mA equivalent), Card (rqA) ~ Cad(WA) idifferece

10%

30%

50%

70%

90%

Table PQ.A.2-2. Manual Al Channel Re-Calibration Data

AI16F Board, Serial # 31030007, Channel 1.

Static Step Input to Al Card Outputfr~o•mI AlI Card Accuracy (%
(4-20 rnA equiv'alent), ~(miA) Card (mA) ~of difference)

10%

30%
50%
70%
90%

PQ.A.3 4-20 mA AO Channel Accuracy (Section 4.1.2)

Manual AO accuracy test results during post qualification phase are listed in Table
PQ.A.3-1. It is clear that the results are within the 0.1% acceptance range and are
consistent with pre-qualification test results. Notably, the magnitude of AO measurement
deviation decreased with the increment of output AO signal level. For example, at 10%
level, deviation averaged at 0.025%, whereas deviation averaged at 0% at 90% level.
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Table PQ.A.3-1. Manual AO Channel Accuracy Data - Post Qualification.

Static Step I nput to AO~ Output from AO Card Accuracy
L-0(-20 M~A~equv-et ICard (mA), OCad(A) otf difference)

10%

30%

50%

70%

90%

PQ.A.4 Type 100 Ohm RTD Card Accuracy (Section 4.1.4)

The manual RTD accuracy test results from channels 1 and 2 during post-qualification
phase are listed in Table PQ.A.4-1. Channel 8 was not tested because it was having a bad
contact. It is clear from the table that neither channel met the 0.1% acceptance criteria
except for the readings at 210 OC for channel 1, which was a degradation from pre-
qualification results where channel 1 met the 0.1% criteria at all temperature levels,
although channel 2 met the criteria only at certain temperature levels. Results in Table
PQ.A.4-1 also show an apparent trend of larger deviations at higher temperature levels
with the exception of at 210 OC. By contrast, the deviations were consistent at different
temperature levels in the pre-qualification test.

Table PQ.A.4-1. Manual RTD Channel Accuracy Data - Post Qualification.

70
+ i F

210 _____

350 ______ ___ _
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490
_ _ _ Iii _ I _ __ Ii I I_ _ _

630 ______ ___ _

PQ.A.5 Manual Pulse Input Card (Section 4.1.5)

The manual pulse input card accuracy test results for accumulate mode are listed in Table
PQ.A.5-1. There are no acceptance criteria regarding the pulse card accuracy defined in
the test procedure. However, the test results demonstrate a significant improvement over
those from pre-qualification test. More specifically, the accuracy was 0.00%-0.227% at
prescaler 1 and was 0.001%-0.065% for prescaler 100, compared to pre-qualification
results of 0.156%-1.139% at prescaler 1 and 0.127%-1.093% at prescaler 100.

Table PQ.A.5-1. Manual Pulse Input Card Accuracy Data (Accumulate Mode) -
Post Qualification.

OU 41.tUZz

5000 4985.7
10000 10002.8
15000 14978.8

195000 19459.1

The manual pulse input card accuracy test results for rate mode with 8 bit and 12 bit
configurations are shown in Table PQ.A.5-2. There are no acceptance criteria defined in
the test procedure for pulse card rate mode accuracy test. Measurements from 8-bit mode
are in line with pre-qualification test results. However, measurements from 12-bit mode
show significant improvement over pre-qualification test at low frequency range: 0.005%
vs. 1.79% at 50 Hz, and 0.005% vs.. 0.294% at 600 Hz.
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Table PQ.A.5-2. Manual Pulse Input Card Accuracy Data (Rate Mode) - Post
Qualification.

bU 49.61(

600 594.91
5000 4986.4

10000 10004.9

15000 14981.1

19500 19461 _

PQ.A.6 Automated Analog Accuracy 'Test (Section 4.1.6)

The test data logged by HAS logger for automated Al accuracy test are shown in Table
PQ.A.6-1. This automated logging system incorporates the HPAT's AO channel's
inaccuracy. It is clear that although the deadbandof HAS logger was changed from 0.5
to 0.0 in the post qualification test, the Al accuracy results are still outside the acceptance
range of 0.1%. As a comparison, the results from pre-qualification test are listed in Table
PA.A.6-2. Obviously, post qualification results do improve over the pre-qualification
results although two different Al cards were used in these tests. Post qualification results
also show apparent trend of lower deviations with higher input signal levels.

Table PQ.A.6-1. Automated Al Accuracy Test - Post Qualification.

1,BL, 506

2. BL, 215
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Table PQ.A.6-2. Automated Al Accuracy Test - Pre Qualification.

Tag Nm Time Stamp Vau Description ExetdIAcry

1 ,BL,506

2,BL,215

4 * 4 I. 4

4 4 4 i 4

Table PQ.A.6-3 shows the automated AO accuracy test results from post qualification
test. It is clear that the results were well within the acceptance range and are consistent
with pre-qualification test.

Table PQ.A.6-3. Automated AO Accuracy Test - Post Qualification.

~f~am~ ~~m Srn:<Value ExpecEted ~Acurac

2,BL,211

Table PQ.A.6-4 lists RTD accuracy test results during post-qualification phase. 1,BL,528
and 1,BL,548 show higher temperature readings, but 1,BL,10 shows lower temperature
reading than the corresponding pre-qualification results. This deviation is probably
caused by the resistance change of the resistors from the stress test as well as the contact
resistances change from the rewiring process. Resistors were used to simulate RTD
inputs to the card during the automated RTD accuracy test.

Table PQ.A.6-4. Automated RTD Accuracy Test - Post Qualification.

1,BL,528
1,BL,548
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PQ.A.7 Digital Response Time Measurement (Section 4.2.1)

Manual Test Execution

Refer to Baseline Report (TS901-000-22).

Automated Test Execution

Results of automated digital response time test during the post qualification test are listed
in Table PQ.A.7-1. For sake of comparison, corresponding results from pre qualification
test are also included in the table. It should be noted that due to a wiring inconsistency,
in pre-qualification test, the HPAT square waveform was wiredito 4,DI,9, whereas in post
qualification test, it was rewired to 4,DI,16. Direct digital response time measurement
averages at 112 ± 78 ms, compared with 104 ± 27 ms from the pre-qualification test. It is
clear that the response time from direct measurement does not meet the 100 ms
acceptance criteria, but deviates less than 10% from the pre-qualification result.
However, the post qualification measurements display a significant larger standard
deviation. The indirect (cascaded) digital response time measurements average between
88 and 93 ms with standard deviation ranging from 17 to 47 ms, which meets the
criterion and deviates less than 10% from the pre-qualification results. Similar to the pre-
qualification results , the digital response time from the direct measurement is
approximately 20 ms longer than the' results from measurements of the cascaded tests.
This difference is caused by the experimental setup in which the direct measurement
linkage undergoes one extra I/O scan relative to the number of scans for the cascaded
tests.

Table PQ.A.7-1. Digital Response Time from Pre-qualification and Post
Qualification Test.
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Digital Response Time Distribution, Post Qualification
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Figure PQ.A.7-1. Distribution of Digital Response Time During the Post
Qualification Test.

Figure PQ.A.7-1 plots the distribution pattern of the digital response time measurements
during the post qualification test. Similar to the pre-qualification results, the results from
different measurement methods display different distribution patterns: the response time
from the direct measurement method spans a larger timeframe and is also more evenly
distributed; by contrast, the results from the cascaded test method span over a smaller
timeframe and are more concentrated at a few time bins. For example, in direct response
time measurement, the counts % for time bins 60-80 ins, 80-100 ins, 120-100 ms, and
140-120 ms are roughly the same, whereas in cascaded tests more than 90% of counts are
located at three. time bins: 60-80 ms (-50-60%), 100-120 ms (-20-30%), and 100-80 ms
(-15%).

PQ.A.8 TSAP Analog Response Time Test (Section 4.2.2)

Manual Test Execution

The results from manual analog response time measurement during the post qualification
test are listed in Table PQ.A.8-1. 1,AI,883 is the analog step signal, and 1,DO,401 is the
simulated trip output from 1,AI,883. The leading edge response time of 4.054 s
represents a slight decrement from the pre-qualification result of 4.11 s. On the other
hand, the trailing edge response time of 3.542 s represents a slight increment from the
pre-qualification result of 3.43 s. In both cases, the post qualification results deviate less
than 10% from the pre-qualifications results.
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Table PQ.A.8-1. Manual Analog Response Time Measurement Data During Post
Qualification Test.

Period High Low EdgetiEdg
(s) ýDuration (s ýDuration (s) Response Response Period (s)

_________Time (s) Time (s)

3
4

5
6.
7
8

-9

10
Average

STD

Automated Test Execution

The automated analog response time results from post qualification test are listed in
Table PQ.A.8-2. The data were obtained by processing the SOE data of TSAP simulated
trip output signal (1,DO,401), which was logged as 4,DI,10. The results deviate less than
10% from those from pre-qualification test. More specifically, the periods for trip
waveform, Set, and Reset are 20.01s, 10.454 s, 9.553 s respectively, compared with
20.005 s, 10.716 s, 9.289 s in the pre-qualification test.

Table A.8-2. Automated Analog Response Time Test Results from Post
Qualification Test.

4,DI,10 Tri~pWaveform Trip Waveformv Set Peid s Rst eios
_______ Period (ON, s) P~eriod (OF~F, s) ~rcdStProd( ee eids

2
3
4
5
6

Average
STD

PQ.A.9 Discrete Input Operability Test (Section 4.3)

The discrete input operability test results are listed in Table PQ.A.9-1. Each channel
under test cycled the input voltage a total of three times.
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Table PQ.A.9-1. Discrete Input Operability Test Results from Post Qualification
Test.

Ipei voitage
Threshold (V)

Maximum TT
Input Voltage __ __ __ ____ ___I___ ___ ____ __

Dropout I
It is clear from the table that the DI channels met all of the acceptance criteria for the set
voltage level, dropout voltage, and the maximum input voltage as specified in Section
A.9 of Appendix A of the Baseline Testing Summary Report (TS-901-22). There was no
significant change in the DI channel operation compared to the pre-qualification results,
though, set voltage threshold readings for D1161 and DC33 were slightly lower in post
qualification test.

PQ.A.10 Discrete Output Operability Test (Section 4.4)

Refer to Section A. 10 of Baseline Report (TS901-000-22).

PQ.A.11 Communication Operability Test (Section 4.5)

ICL Error Counters

Refer to Section A. 1I of Baseline Report (TS901-000-22).

PQ.A.12 Timer Test (Section 4.6, 4.6.1, 4.6.2)

Manual Timer Test (Section 4.6.1)

Refer to Section A. 12 of Baseline Report (TS901-000-22).

Automated Timer Test (Section 4.6.2)

Refer to Section A. 12 of Baseline Report (TS901-000-22).

PQ.A.13 Failover Operability Test (Section 4.7)

Refer to Section A. 13 of Baseline Report (TS901-000-22).

PQ.A.14 Loss of Power Test (4.8)
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Refer to Section A. 14 of Baseline Report (TS901-000-22).

PQ.A.15 Power Interruption Test (Section 4.9)

Refer to Section A. 15 of Baseline Report (TS901-000-22).
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_PQ.B.1 General

The purpose of this attachment is to document the results of the Post Qualification
Prudency Tests in Section 4.1 of the Prudency Test Procedure TP0403, Rev. C. These
tests were performed following the return of the equipment from the first round of tests
at Wyle. The test descriptions and acceptance criteria are provided in Appendix B of the
Baseline Testing Summary Report (TS901-000-22).

PQ.B.2 Digital Input/Output BOE Test (Section 4.1.2)

Due to a wiring inconsistency, the digital BOE points logged during the pre-qualification
and. Wyle tests were 4,DI,24 to 4,DI,30, but changed to 4,DI,28 to 4,DI,36 in the post
qualification test.

By analyzing the alarm reports throughout the prudency BOE test, it is concluded that no
link alarm condition was detected for the DI cards whose channels were logged by SOE
logger. SOE data from the post qualification test was analyzed. All abnormal transitions
and the associated timestamps are listed in Table PQ.B.2-1. The abnormal transition at
the end of the test, i.e., at around 8:26:11 AM, happened to all monitored digital
channels. This anomaly is caused by the perturbation from stopping the BOE test and
thus should not be counted as the irregular transition. The numbers in shade represent
transition times of contact bounces. A total of 6 contact bounces from 4 channels
occurred during the test period, a moderate increment from four occurrences during the
pre-qualification test.

Table PQ.B.2-1. Digital BOE Abnormal Transitions in the Post Qualification Test.

08:25:22.6317
08:25:22.6318
08:25:29.4614
08:25:29.5253
08:25:29.5262
08:26:11.2303

Excluding the occurrences of contact bounces and abnormal transitions caused by the
stopping of BOE test, there were a total of 6 abnormal transitions. The first one occurred
at 8:25:29 AM from channel 4,DI,28. The transition time of 1.8545 s represents a
85.45% higher than the preset value of 1 s, which is significantly greater than the 15%
acceptance criteria. Noticeably, this transition was followed immediately by another
abnormal transition (0.0639 s) and one contact bounce (0.0009 s).

The other five abnormal transitions occurred approximately 60 ms after the 1.8545 s
transition for channels 4,DI,28, 4,DI,30, 4,DI,31, 4,DI,33, 4,DI,34. They were all
followed by a contact bounce except 4,DI,30. Since this test ran for 1 minute and all 6
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abnormal transitions occurred within 60 ms, it is likely that the abnormal trasitions were
caused by a common disruption to the system. No transition was missing and no link
alarms were reported during the test. Therefore, excluding the abnormal transitions
probably caused by a common system disruption, the test met the acceptance criteria.

PQ.B.3 Analog BOE Test (Section 4.1.2)

The BOE waveform is generated by 2,BL286 in the HPAT, and this signal is used to
control five AO channels (2,AO,82; 2,AO.84; 2,AO,85 (not logged); 2,AO,86; and
2AO,87). These AO channels were routed to corresponding Al channels of the Test
Specimen (1,AI,882; 1,AI,884; 1,A1901; 1,AI,902; and 1,AI,902). Because the Al image
is not directly accessible for logging, each input was mapped to an AIC block in the
TSAP, and the resulting block value was logged by the HAS. In addition, the value for
1,AI,882 was mapped through the TSAP to the output image for 1,AO,922, and the
resulting signal was routed to 2,AI,70, producing a closed loop.

The waveforms of TSAP analog inputs at remote 1 and that of the driving BOE signal
during the post qualification test are depicted in Figure PQ.B.3-1. The TSAP AT signals
duplicate each transition of the BOE source signal, and the three Al images exhibit the
same characteristics. In each cycle, the values closest to 10% and 90% were extracted
from HAS data for 1,BL,5 10, 1,BL,514, and 1,BL,516. These values have been averaged
and presented in Table PQ.B.3-1. The averaged deviations at 10% for all three Al
channels meet the 0.32% acceptance criteria, which is consistent with pre-qualification
results. However, .the values are significantly smaller than pre-qualification results:
0.010% vs. 0.188% for 1,BL,510, 0.055% vs. 0.232% for 1,BL,514, and 0.165% vs.
0.298% for 1,BL,516. At the 90% level, 1,BL,510 and 1,BL,514 meet the 0.32% criteria
whereas 1,BL,516 does not, an improvement from pre-qualification test where all three
Al signals deviate more than 0.32% from the BOE source signal at 90% level. It should
be noted that during the post qualification test, the HAS deadband was changed to 0%
from 0.5% and the AI card processing the 1,AI,882 and 1,AI,884 channels was replaced
with a spare card. The improvement over the baseline results is likely caused by the
combination of these two changes. The Al card processing the remaining Al channels
was not changed, and its performance had changed little from that of the baseline result.

AIC block 1,BL,510 served as the source of the BOE signal returned from the test
specimen back to the HPAT (1,AO,922 to 2,AI,70). Figure PQ.B.3-2 shows the image of
1,AI,70 as processed by 1,BL,213. As before, the HPAT image tracks each transition of
the source signal. In each cycle, the values closest to 10% and 90% were extracted from
HAS data, averaged, and the resulting values are listed in Table PQ.B.3-2. Deviations of
2,BL,213 from 1,BL,510 meet the 0.3% acceptance criteria at both 10% and 90% levels,
which is consistent with pre-qualification results.
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BOE Source vs. TSAP Als - Post Qualification Test
100,

V 60 -,BL,516
-2 ~1 BL 514
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8:24:52 8:25:09 8:25:26 8:25:44 8:26:01 8:26:18 8:26:36 8:26:53
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Figure PQ.B.3-1. BOE Control Signal versus TSAP Analog Input Signals in Remote
1 in the Post Qualification Test.

Table PQ.B.3-1. TSAP Al Channel Readings and Deviations from BOE Source
Signal in Post Qualification Test

............... , •,•-+•............. .A I,882 < •1, ,884~ .. . .. •1, 1,Al901 .. ..

~1 BL51) (1V.5L,514) (1,5L,516),
109% Measurement (%
Deviation ~From i60%O)
Num of~ Measurem~ents
90% Measurement (%)N

Deviaion From 90% (%) ____________

Numn of Measurements

TSAP Al vs. TSAP AO - Post Qualification Test

E)

100
90
80
70
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Figure PQ.B.3-2. TSAP Al signal (1,AI,882, 1,BL,510) versus Corresponding TSAP
AO Signal (1,AO,922, 2,BL,213) in the Post Qualification Test.

Table PQ.B.3-2. TSAP AOs and the Corresponding TSAP Als in Remotel in the
Post Qualification Test.
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PQ.B.4 Serial Port Failure Tests (Section 4.2)

PQ.B.4.1 ICL Failure Test (Section 4.2.2)

Abnormal transitions and the corresponding timestamps for logged digital channels
during the ICL failure test are listed in Table B.4-1. The abnormal transitions occurred
during the test of shorting the TX pin to RX pin appeared at the end of the test. They
were caused by the perturbation from stopping the BOE test. All other transitions
occurred within 0.85-1.15 s.

Table B.4-1. Digital BOE Abnormal Transitions from ICL Failure Test of In-house
Test for Seismic Retest.

Breakout

Normal

TX Pin Float

Short Ground -

Short RX Pin

Regular Cabek -I

PQ.B.5 Serial Link Noise Test (Section 4.3.2)

This test was not required to be executed as part of the post testing sequence.

PQ.B.5 Fault Simulation Test (Section 4.3.3)

Not Applicable, see Section B.5 of Baseline Report (TS901-000-22).
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1.0 PURPOSE AND SCOPE

The purpose of this report is to provide the performed on the HFC-6000 control system
(Test Specimen). The tests include PCB bum-in test, system set-up and check-out, and
TSAP validation test. These prequalification tests serve to validate that the test specimen
meets the hardware and system application criteria before the first execution of the
Operability and Prudency tests which provides a system performance baseline for
subsequent qualification tests.

This report describes the types of tests performed, provides a summary of the test results,
and evaluates those results based on the acceptance criteria.

2.0 REFERENCES

2.1 INDUSTRY STANDARDS

EPRI TR-107330 Generic Requirements Specification for Qualifying a Commer-
cially Available PLC for Safety-Related Applications in Nuclear
Power Plants

2.2 RELATED PLANS AND PROCEDURES

TN0401 Master Test Plan
VV0414 Master Configuration List
TP0410 Bum-in Test Procedure
TP0401 Integration (Setup and Checkout) Procedure
TP0408 TSAP Validation Test Procedure

2.3 HFC INTERNAL STANDARDS AND PROCEDURES

QPP 5.1 Review and Approval of Quality Documents
QPP 11.1, Test Control
WI-ENG-003 Configuration Management
WI-ENG-205 Develop Software/Firmware Test Procedure
372000-43 WINEWS User's Guide

2.4 REFERENCE DOCUMENTS

700907-01 Schematic Wiring Diagram, TSAP
700909-01 System Arrangement, Controller-FOT Configuration
700916-01 Power Distribution, TSAP Configuration
700910-01 TSAP Card Layout
700910-02 HPAT Card Layout
700912-01 TSAP System Assay
700912-01 TSAP Configuration - System Assay
700715-00 I/O Wiring Schematic Diagram - Cover Sheet
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700715-01
700715-02
700715-03
700715-04
700715-05
700715-06
700715-07
700916-01
700901-09
700901-10
700907-01
700908-01
ASC0401
ASC0402

I/O Wiring Schematic Diagram - Digital Inputs (2 sheets)
I/O Wiring Schematic Diagram - Digital Outputs
I/O Wiring Schematic Diagram - Analog Inputs
I/O Wiring Schematic Diagram - Analog Outputs
I/O Wiring Schematic Diagram - Digital Combination
I/O Wiring Schematic Diagram - Analog Combination
I/O Wiring Schematic Diagram - Single Controller
Power Distribution - TSAP Configuration (2 sheets)
TSAP Requirements Specification
HPAT Requirements Specification
TSAP Logic Diagram
HPAT Logic Diagram
TSAP Program Listing
HPAT Program Listing

2.5 SPECIAL TERMS, ABBREVIATIONS, AND ACRONYMS

BOM Bill of Material
EWS Engineer Workstation
HPAT HFC Plant Automatic Tester
FOT Fiber-Optics Transmitter
JCRT Java CRT
OIS Operator Interface System
PCB Printed Circuit Board
TSAP Test Application which is a synthetic application program to be. used

for qualification testing

3.0 BURN-IN TEST

The bum-in test requires a minimum period of 352 cumulative hours of operation. The
purpose of this test is to detect any early-life failures of components and circuit cards.
During the test period, all cards under test must remain in a normal operating state. Only
those cards that pass the bum-in test will be placed into inventory for subsequent use as
part of the HFC-6000 Test Specimen.

3.1 PCB CARDS TESTED

The following circuit card assemblies were included in the bum-in test.

Table 3. 1. HFC-6000 Modules Included in the Burn-in Test

HFC-ILRO6 1/0 Link Repeater/Ter

HFC-SBC06 Main Controller Card

HFC-DPM06 Dual-Ported Memory

HFC-DI161 16-Channel Digital Input and SOE Card

HFC-DO8J 8-Channel Relay Output Card
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HFC-DC33Q Special Function Card (120 vac output)

HFC-DC34Q Special Function Card (125-vdc output)
HFC-AI4K 4-Channel Pulse Input Card

HFC-AI16F 16-Channel Analog Input Card

HFC-AC36F 8-Channel Al, 8-Channel AO Card

HFC-AO8F 8-Channel Analog Output Card
HFC-AI8M 8-Channel 100 Ohm RTD Input Card

3.2 ACCEPTANCE CRITERIA

The card edge LEDs for each card under test indicates normal operation of the card
during the test interval and is an indication of the successful operation of the card during
the burn-in test.

3.3 TEST RESULTS

The assemblies under burn-in test were verified periodically every day and the status was
logged into an electronic database. All assemblies under bum-in test reached the
minimum 352 cumulative hours of operation without failure.

3.4 CONCLUSION

All assemblies except HFC-FPC06 passed the 352 cumulative burn-in test without
failure.

4.0 SET-UP AND CHECK-OUT TEST

The purpose of this procedure is to verify that the project specified hardware, wiring, and
communication cabling has been installed correctly and that communication has been
established over each communication link prior to performing TSAP Validation Test.

4.1 TEST SEQUENCES

Included in the scope of these tests are the following activities:

* Verify that all project specified equipment / hardware has been received,
functionally tested, and set-up per project documents.

* Verify correct software is installed in Test Specimen, HPAT, and OIS/EWS.

* Perform a continuity test for all interconnection wiring.

* Verify that C-Link communication has been established.

* Verify that all HFC-6000 I/O modules are functional and communicating with SBC-
06 controller.
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4.2 ACCEPTANCE CRITERIA

The overall method used for verifying correct hardware component installation and
functional operation consisted of highlighting the relevant engineering drawing(s) as each
item was verified to be operating correctly.

4.2.1 Equipment / Hardware

1. All hardware components and communication cables depicted on the BOM and
drawing 700912-01 have been highlighted.

2. All Test Specimen's PCBs depicted on drawing 700910-01 have been highlighted.

'3. All HPAT's PCBs depicted on drawing 700910-02 have been highlighted.

4.2.2 Continuity Test

1. All circuits depicted on drawing 700916-01 have been highlighted

2. All circuits depicted on drawing 700909-01 have been highlighted

3. All external (field) wiring circuits on drawings 700715-00 thru 700715-07 have been
highlighted

4. Drawing and BOM 700912-01: BOM Mark Numbers: 4,19,28,33,40 and 50 have
been highlighted

4.2.3 I/O Functional Test

1. Digital Inputs: All digital inputs channels on the Loop Schematics have been
highlighted.

2. Digital Outputs: All digital outputs channels on the Loop Schematics have been
highlighted.

3. Analog Input (0-20 mAdc): All analog inputs (0-20 mAdc) channels on the Loop
Schematics have been highlighted.

4. Analog Outputs: All analog outputs (0-20 mAdc) channels on the Loop Schematics
have been highlighted.

5. RTD Input (100 Ohm Platinum): All RTD inputs channels on the Loop Schematics
have been highlighted..

6. Pulse Input: All pulse input channels on the Loop Schematics have been highlighted.

4.3 TEST RESULT

o Equipment / Hardware /

BOM and Drawing 700912-01, Drawing 700910-01, Drawing 700910-02 were
verified and signed off by test engineers.
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Continuity Test

Continuity checks were performed on Drawings 700916-01, 700909-01, 700715-00
through 700715-07, Drawing and BOM 700912-01, and Drawing 700916-02 and test
logs were signed off.

o I/O Functional Test

All digital and analog TO cards were tested individually. See attached Excel file for
test results for analog cards.

4.4 CONCLUSION

Test results have met all acceptance criteria for set-up and check-out test. Test results for
analog cards are shown in Table 5.2 and Table 5.3. These results and the analog accuracy
test results from subsequent baseline testing are used for comparison to accuracy results
from future stress testing-

5.0 TSAP VALIDATION TEST

A synthetic application program, TSAP, installed in the test specimen includes sample
control logic for power plant processes as well as logic to support automated qualification
testing.

5.1 TEST SEQUENCE

The-overall validation test is accomplished in two stages: source code verification, and
system functional test. During source code verification, the. content of the source code
text files are validated against the logic diagrams from which they were created. During
the functional test, the application code is installed in the controller, and functional
operation of the Operability tests, Prudency Burst of Events test, and simulated control
loops are verified to be correct. The test sequence includes the following activities:

o Source Code Verification - The source code file generated by the HFC One-Step
utility program is examined line by line and compared with the graphic representation
of logic diagrams 700907-01, 700907-02, and 700908-01.

* Loop Logic Test - This test verifies functional operation of the logic for each sample
control loop -based on the algorithm in the TSAP logic diagrams.

Operability Test Support - This test verifies functional operation of the TSAP code
designed to support Operability testing and verifies that the test design produces the
expected data. The automated Operability tests are controlled by application code
installed in the HPAT. Execution of this test excludes automated logging of test
results, which is to be accomplished during the first execution of the subsequent
Operability tests.
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Prudency Test Support - This test verifies functional operation of the TSAP code
designed to support the automated Prudency tests. The automated Prudency tests are
controlled by application code installed in the HPAT. Execution of this test excludes
automated logging of. test results, which is to be accomplished during the first
execution of the subsequent Prudency tests.

5.2 ACCEPTANCE CRITERIA

Acceptable results for the TSAP are based on the verification of the specific conditions
listed in Table 5. 1.

Table 5. 1. TSAP Acceptance Criteria.

Source Code Verification
All point types and point designations match those in the logic diagrams.
All logic connections traced from point to point match the connections shown
in the logic diagrams.
All timer preset values match those shown in the logic diagrams.
All internal block structures contain the values shown in the logic diagrams.

Accuracy Tests
JCRT interface enables test engineer to start/stop the automated accuracy test.
All Al and AO channels listed for the automated accuracy test exhibit the test
waveform while the test is enabled.
Response time of the system to each step is sufficient to permit accurate
recording of the Al and AO channel performance.
RTD Al channel configured and responds to simulated input.
Pulse card configured with one channel pair in Rate mode and the other
channel pair in Accumulate mode.
Both pulse card inputs respond to simulated input signal.

Digital Response Time Algorithm
JCRT interface enables test engineer to start/stop automated response time
test algorithms.
While digital response time test is running, the TSAP algorithm produces a
free running square wave composed of 7 DI channels and 7 DO channels.
Free-running TSAP algorithm permits accurate measurement of average cycle
time for the Equation Interpreter (plus jitter).
HPAT algorithm produces a free-running 0.5 Hz square wave.
The HPAT algorithm drives a simulated trip memory in the TSAP. The input
transition to the resulting output transition permits accurate measurement of
system digital response time (plus jitter).

Analog Response Time Algorithm
JCRT interface enables test engineer to start/stop automated response time
test algorithms.
The HPAT algorithm produces a free running 0.5 Hz analog square wave that
switches between 45% and 55% of span.
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The TSAP algorithm provides an alarm block to trigger a simulated trip
memory.
The duration from input transition to trip memory output permits accurate
measurement of system analog response time (plus jitter). -

Onrblt Time Test. ......

JCRT interface enables test engineer to start/stop automated time test
algorithms.
TSAP provides four timers that produce two free-running square waves while
the test is enabled.
Test waveforms enable direct measurement of periods for 1-second and 5-
second timers (plus jitter).

TSAP Special Functions
1,DO,647 provides a 1 Hz heartbeat display that provides a visual indication
that the Test Specimen Equation Interpreter is running.
1,CO,50 increments once each Equation Interpreter processing cycle. This
running count provides a precise indication of processing speed during any
fixed period of time.
The TSAP monitors status of each power supply. Failure of any power

I supply triggers a common power monitor alarm.
Burst of Events Test

JCRT interface enables test engineer to start/stop automated burst of events
test algorithms.
HPAT controls two digital bursts of events 0.5 Hz square waves that are 180
degrees out of phase.
HPAT. controls an analog burst of event 0.5 Hz square wave that switches
between 10% and 90% of span.
While test is running, all points listed in Table 5 exhibit activity. When test is
disabled, all of these points remain static.

Simulated Digital Control Loops
JCRT provides display interface for controlling inputs to the control loop and
for monitoring overall loop status, including alarm conditions.
TSAP functional response to each DI channel connected to the internal logic
verified for both TRUE and FALSE logic states.
TSAP control of each DO channel connected to internal logic verified based
on logic input states.
TSAP control of alarm status verified based on simulated alarm conditions.

Simulated Analog Control Loops
JCRT provides display interface for controlling inputs to the control loop and
for monitoring overall loop status, including alarm conditions.
In Manual mode, M/A station permits manual control of the loop output
variable.
HPAT algorithm provides closed-loop simulation of an external process.
After tuning is complete, the closed loop simulation enables the loop to reach
a balanced state while operating in Auto mode without oscillation.
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5.3 TEST RESULT

o Source Code Verification

The TSAP source code was verified to assure the functional requirements were
correctly implemented. All deviations were documented and corrected. The
corrections were verified.

Accuracy Tests

Manual accuracy tests during the TSAP validation test are listed in Tables 5.2, 5.3,
5.4, 5.5, and 5.6. The main purpose of these tests was to validate the TSAP
functionality.

Table 5. 2. Al Accuracy Test During TSAP Validation Test.

"ItU I~uU ,. fUD 15 ý=.t:z J)11 0 .bb -U.3?'$• -U.44Z•

30 14306 14306 29.575 29.575 -0.425 -0.425

50 19539 49.538 -0.462

70 24795 24797 69.588 69.596 -0.412 -0.404

90 30036 89.582 -0.418

Table 5. 3. AO Accuracy Test During TSAP Validation Test.

AO Test AlgorithI i CluaedSga
Test Signal 2,BL,21 CouLnt Accuracy

N t( Io a ] aue -____Ts 2 TsTest ILTest 2 ý Te t e 1T 4 ~Test 2~
10 9170 9169 9.982 9.978 -0.018 -0.0220
30 14416 14419 29.994 30.006 -0.00565 0.00580
50 19660 19657 49.999 49.988 -0.00076 -0.0122
70 24907 24895 70.016 69.970 0.0156 -0.0302
90 30148 30149 90.009 90.013 0.009 0.0128

Table 5. 4. Type 100 Ohm RTD Accuracy Test During TSAP Validation Test.

IU 4bt 4V2 U.Uf3z

200 9362 9376 0.0427
500 23405 23400 -0.0153
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Table 5. 5. Pulse Card Accuracy Test During TSAP Validation Test (Rate Mode, 12-
bit Resolution).

1 7

2.98 1 12 1 611.588 0.0673
6.976 1429 1428.34 0.0465

Table 5. 6. Pulse Card Accuracy Test During TSAP Validation Test (Accumulate
Mode).

300 1 296.9 1 384 9268 8884 8907 -0.258224 9680 8926 8907 0.2133154
1100 11097.1 14949 1379661 33017 32913 10.315985 13072 134800 131728 132913 1-3.6004011

* Digital Response Time Algorithm

The digital response time of the TSAP is defined below;

Period of free-running square wave signal:
Calculated- average equation cycle time:
Averageresponse time based on one processing cycle:
Average response time based on two processing cycles:

2.0 s
91 ms
104 ms
146 ms

* Analog Response Time Algorithm

The analog response time of the TSA-P is defined below;

Period of free-running analog square wave signal: 20 s
Duration that analog signal is at 55% of output.span: 10 s
Duration that analog signal is at 45% of output span: 10 s
Average response time based on one processing cycle: -4.1 s
Average response time based on two processing cycles: -4.15 s
Delay from trailing edge of analog signal to inactive transition of DO: 3.5 s

It should be noted that during the initial execution of the test algorithm, the 1 second
time preset was found to be too fast for the analog response of the Test Specimen.
Consequently, the total time period was changed to produce a 45% output for 10
seconds and a 55% output for 10 seconds.
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' Operability Timer Test

The test was performed according to test procedure. The screen captures part of the
test data was lost during test. The loss of this data does not have a significant impact
on the overall assessment of the test results since'other test data was available to
perform the required analyses and reach conclusions.

o TSAP Special Functions

All TASP special functions were tested and signed off properly by the test engineer
against the acceptance criteria. BOE timer preset values of 1 second, 1.5 seconds,
and 10 seconds were used to produce the response curve for the TSAP.

* Burst of Events Test

All BOE related functionalities were tested and signed off properly by the test
engineer against the acceptance criteria.

* Simulated Digital Control Loops

Each simulated digital control loop was tested and signed off properly by the test
engineer against the acceptance criteria.

* Simulated Analog Control Loops

Each simulated analog control loop was tested and signed off properly by the test
engineer against the acceptance criteria.

5.4 CONCLUSION

The TSAP validation results demonstrated that the TSAP source code generated from the
One-step program development tool reflects the logics depicted in the control schematics.
Operability test and Prudency test results showed that the response time and accuracy of
I/O (both analog and digital) cards fall within the acceptable range. The timer test
algorithm was tested and verified. TSAP special functions test, simulated digital and
analog control loops test verified that the functions in TSAP correctly execute the
controls described in control schematics.
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1.0 PURPOSE

HFC is generically qualifying its HFC-6000 control system for nuclear safety-related
applications in U.S. nuclear power plants. The approach taken for this qualification effort
is based on the guidance provided in EPRI-TR-107330, Generic Requirement
Specification for Qualifying Commercially Available PLC for Safety-Related
Applications in Nuclear Power Plants.

This document describes the in-house pre-qualification testing that was performed in
preparation for the seismic retesting program. As such, it establishes the baseline data for
use during and after the seismic retest. Also included is the update of the Bum-In Test
for new modules and the Set-up and Check-out Procedure for the equipment.

An initial baseline was developed for the first set of qualification tests and is reported in
the Baseline Testing Summary Report (TS901-000-22, Rev B). However, some of this
equipment was damaged and replaced during the subsequent qualification tests which
necessitated the development of the new baseline described in this report.

2.0 SCOPE

* Evaluation of Operability and Prudency tests performed during the in-house test for
seismic retesting program.

* Evaluation of all anomalies detected during the course of the in-house test for seismic
retest.

3.0 REFERENCES AND ACRONYMS

3.1 REFERENCES

TP0408B Test Specimen Validation Test Procedure
TP0402 Operability Test Procedure
TP0403 Prudency Test Procedure
VV0414 Master Configuration List

3.2 ACRONYMS

BOE Burst of Events
DDB Dynamic Database
HAS Historical Archiving System
HFC HF Controls
HPAT HFC Plant Automated Tester
ICL Intercommunication Link
PLC Programmable Logic Controller
RTD Resistance Temperature Detector
SOE Sequence of Events
TSAP Test System Application Program
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4.0 TEST DESCRIPTION

The Bum-In, Setup and Checkout, Operability, and Prudency Tests which were
performed in-house prior to the seismic retest are a repeat of the testing that was
performed during the original Pre-Qualification Test. Refer to the Baseline Report for
the test description.

5.0 TEST SETUP

Although the in-house seismic retest was a repeat of the Pre-Qualification testing as
described above, the configuration for SOE logging and HAS logging was modified to
reduce the number of points to be logged. Refer to the respective test procedures for the
detailed changes. Similar to post qualification test, the HAS deadband and DDB
broadcast table were also modified as stated in the post qualification test report.

6.0 TEST SEQUENCE

6.1 APPLICATION OBJECT TEST (ATP0402, REV A)

Not applicable to the in-house seismic retest.

6.2 BURN-IN TESTS (TP0410, REV A)

Any new or replacement modules or hardware for the seismic retest underwent 352 hours
of cumulative bum-in process.

6.3 TEST SPECIMEN VALIDATION TEST (TP0408, REV B) AND
INTEGRATION (SETUP AND CHECKOUT) PROCEDURE (TP0401)

6.3.1 General

The Test Specimen Validation Test and the Integration (Setup and Checkout) Procedure
were performed in-house at HFC prior to the seismic retest. This testing was performed
to verify proper hardware and software .configuration, proper component assembly, and
overall integration following reconfiguration in preparation for the seismic retest.

6.3.2 Results

These tests were performed and all equipment was configured as required.

6.3.3 Anomalies

Any anomalies that were found were resolved prior to completion of the procedure.

6.3.4 Summary
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The Test Specimen and the test equipment were all configured as required upon
completion of these procedures.

6.4 OPERABILITY TEST

6.4.1 General

The HFC-6000 control system (Test Specimen) was configured for the repetition of
seismic test, and in-house operability testing was performed to establish a system
performance baseline against which the system operability performance during the Wyle
seismic retest could be compared.

6.4.2 Results

" All applicable operability tests were performed at the HFC site and the detailed data
analysis and conclusions of these tests are documented in Appendix A. See the
Baseline Testing Summary Report (TS901-000-22) for a description of these tests.

* Manual Al accuracy test results are within the 0.1% acceptance range. The results
were within a range of -0.02% to +0.07%.

" Manual AO accuracy test results are within the 0.1% acceptance range. The results
were within a range of +0.01% to +0.03%.

* Manual pulse card accumulate mode accuracy are *within ±0.1% at all input
* frequencies from both 1 and 100 prescaler tests except at 195 kHz from the prescaler
= 100 test where the accuracy was +0.42%.

* Manual pulse card rate mode accuracy are well within ±0.1% when the card was
operated at 12 bit mode, and the measurements are within range when the card was
operated at 8 bit mode.

* Automated Al results are within the 0.1% acceptance range. The results were within
a range of -0.012% to +0.07%.

* Automated AO results are well within the 0.1% acceptance range. The-results were
within a range of 0.000% to +0.013%.

* Automated RTD tests were-established as follows: 1,BL,10 = 72.93 'C, 1,BL,528
79.95 °C, 1,BL,548 = 79.25 -C.

* Automated pulse card test showed rate mode measurement was within range and
accumulate mode had an accuracy of -0.025% over 28 minutes and 11 seconds
period.

* Automated digital response time results: 100 ± 30 ms (direct measurement) and 91 ±
18 ms (cascaded measurement).
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o Manual analog response time results (redundant configuration): leading edge
response time: 4.145 second; trailing edge response time: 3.303 second.

* Automated analog response time results (redundant configuration): leading edge
response time: 4.0 second; trailing edge response time: 4.0 second.

o Discrete input operability test demonstrated that DI channels met all of the acceptable
criteria for the set voltage level, dropout voltage, and the maximum input voltage.

" The Discrete Output operability test demonstrated that each of the modules continued
to operate reliably over the required voltage range and to support the required current
loads. Each channel demonstrated the capability of switching reliably under load
without arcing or displaying contact bounce.

* There were no ICL errors in the Test Specimen during the in-house test.

* Manual timer test data showed that deviation for 5 second timer was within 1%
acceptance range.

* Automated timer test data showed that deviation for 5 second timer was within 1%
acceptance range.

* Failover results show that no disruption occurred to analog output signal during the
failover process and the maintenance failover has no effect on the operation of digital
control loop. As for the digital I/O, no invalid DI or DO transition -was detected
during the entire failover process.

* Power loss test results show that for both dynamic and static analog outputs, the
signals remained at their power-off state until the power was returned; similarly, the
digital output signals remained at their de-energized state until the power was
recovered.

During the power quality test, the two power modules A and B from TSAP met the
±1% acceptance criterion at both the low voltage and high voltage tests, For the low
voltage test, the TSAP dropped out at 66.4 Vac, and the power supply recovered from
the undervoltage condition automatically. However, since the undervoltage condition
brought down the entire system, no -system status alarm was logged after the power
trip. At high voltage test, no system trip was observed up to the limit of the power
source: 275 Vac. Lastly, no power supply dropout alarm occurred while source
power was within the specified range (90-150 Vac and 57-63 Hz).

6.4.3 Anomalies
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6.4.4 Summary

The main purpose of the in-house operability test for seismic retest was to establish a
system operability performance baseline. Test results have demonstrated that the
system met the acceptance criteria in all tests except for the analog and digital
response times and the failures from power interruption test. Nonetheless, the analog
and digital response times remain consistent with the system response time
performance characteristics established in the baseline report (TS901-000-22).

6.5 PRUDENCY TEST

6.5.1 General

The HFC-6000 control system (Test Specimen) was configured for the repetition of
seismic test, and in-house prudency testing was performed to establish a system
performance baseline against which the system prudency performance during the Wyle
seismic retest could be compared.

6.5.2 Results

o All applicable prudency tests, with the exception of the Fault Simulation Test, were
performed at the HFC. The results of these tests are documented in Appendix B.

The points logged during the digital BOE test were 4,DI,28, 4,DI,32, 4,DI,33,
4,DI,34, 4,DI,35. SOE data demonstrated that all digital transitions occurred within
0.85-1.15 s. Analysis of alarm file showed no link alarm condition for DI card related
to digital BOE test.
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. TSAP Al signals track SOE source signal at each transition and the deviations from
the source signal are less than ±0.32% at both 10% and 90% levels for both 1,BL,510
and 1,BL,516. It should be noted that the accuracy calculation used 9.694% and
89.306% measured straightly from HPAT outputs rather than the algorithm levels of
10% and 90%.

* TSAP AI/AO analysis showed that TSAP AO (2,BL,213) tracked TSAP Al
(1,BL,510) at each transition, and the deviation was less than 0.30% at 10% level
(0.115%), but was more than 0.30% at 90% level (0.327%).

* ICL failure test showed that no abnormal digital transitions were detected other than
the ones caused by the start or stop of the BOE test. All other normal transitions
occurred within 0.85-1.15 s. Analog BOE analysis demonstrated that no apparent
deviation or disruption from the normal condition was seen in the fault conditions.

o During the serial link noise test, two abnormal transitions occurred during the ICL
link noise test with one long transition (1.3354 s) followed immediately by one short
transition (0.6094 s). All other transitions occurred within 0.85-1.15 s. Analog BOE
analysis demonstrated that .no apparent deviation or disruption from the normal
condition was seen in the fault conditions in the ICL serial link.

6.5.3 Anomalies

6.5.4 Summary

The main purpose of the in-house prudency test for seismic retest was to establish a
system prudency performance baseline. Test results have demonstrated that the system
met the acceptance criteria in all tests except for the larger than 0.30% deviation of TSAP
AO from TSAP Al at 90% level and the two abnormal digital transitions during the ICL
link noise test.
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7.0 TEST EVALUATION

The Test Specimen performance either matched or exceeded the system performance
established in the baseline report (TS901-000-22)
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A.1 GENERAL

This attachment covers manual and automated accuracy tests defined in test procedure
TP0402. Both manual and automated tests were performed on at least one channel for
every type of analog circuit included in the test specimen. The purpose of these tests was
to establish a baseline for comparison with system performance during and after the
seismic test runs.

A.2 MANUAL 4-20 MA Al CHANNEL ACCURACY

Table A.2-1 summarizes the manual Al accuracy test results during in-house test for
seismic retest. It is clear that the results meet 0.1% acceptance criteria. The value listed
in the True Level column represents the actual signal level presented to the input of the
TSAP Al channel. This is the value that should be used as the basis of evaluation for the
logged automated test results.

Table A.2-1. Manual Al Channel Accuracy Data from In-house
Test for Seismic Retest.

Input to Al Card 1 Outputfrom IAcard• .
~Static Step{(4-20O esrdA hne

rnA equivalent) Maue True Indicated Calculated ~Accrc (%an of
N Tet Sinal evel TSAP Level Sina difference)~

______ ______ (mA)~ % ~(mA)~>'4
10
30
50
70
90

A.3 MANUAL 4-20 MA AO CHANNEL ACCURACY

Table A.3-1 shows the manual AO accuracy test results during in-house test for seismic
retest. The results meet 0.1% acceptance criteria.

Table A.3-1. Manual AO Channel Accuracy Data from In-house Test for Seismic
Retest.

~StaticStep (4-2OmA~ Input to AO Card Outpu rr AO AO Cad Accuracy
equivlent)(mA) ard (AriA ~(% of diference)

10

30
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Saic Step (4 -2 0 mA, Input to AO Card Output from AO AO Card Accuracy.

equivalent%) ~ (m A) Card (m~A) (%/ofdifference)>

50

70

90

Because the autornated test requires the HPAT to record the values from the TSAP AO
channel, the HPAT Al image for each step level was also recorded during this test. These
images provide correction factors for evaluating the results of the ýautomated. AO
accuracy test, as indicated in Table A.3-2.

Table A.3-2. Development of Correction Factor for Automated AO Test.

S90

A.4 TYPE 100 OHM RTD CARD ACCURACY

Table A.4-1 shows manual RTD accuracy test results .during the in-house test for seismic
retest.

Page 14 of 52 Non-Proprietary



Seismic Retest In-house Testing Summary Report TS901-000-34
Rev B

Table A,4-1. Manual RTD Channel Accuracy Data from In-house Test for Seismic
Retest.

Expected - -- _t_input Value -Measured Accuracy e rea Accuracy Measued! Accuracy
Value I%? Value (0/. value i (%/)

70

210
350
490
630

Table A.4-2. Manual RTD Channel Accuracy Data after Recalibration.

•i•Ch Chesue2 •#chuS ayExpected cK- I - -
Input ( Exp d Meaured Accuracy Measured Accuracy Measur:edF-ccuacy

~~ ~VaValue p Value ~ V %~ alue N____

70
210 • _ _

350
490
630 ______ ______ ____ _

A.5 MANUAL PULSE INPUT CARD ACCURACY TEST

The general operating parameters of pulse input card are listed in Table A.5-1, and the
following conclusions can be drawn against the acceptance criteria:

" Depending on configuration, the minimum peak pulse voltage varies between 22.6 v
and 24.4 v at 100 Hz and a 50% duty cycle.

o The maximum input pulse rate for the 8-bit rate mode is 10 kHz; the maximum input
pulse rate for both the 12-bit rate mode and the accumulate rate mode is 20 kTz.

o A 100 jis pulse corresponds to a 10 kHz pulse signal at 50% duty cycle. The module
responded to this signal in all configuration modes.

* The module accurately responded to 90% duty cycle at 100 Hz in 12-bit rate mode.
The 8-bit rate mode image became increasingly unstable above a 75% duty cycle.
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Table A.5-1. Summary of General Operating Parameters of Pulse Input Card.

Minimum Input Pulse Amplitude with 50%
Duty Cycle (vpp)

Maximum Input Pulse Amplitude (vpp)

Minimum Duty Cycle (%)

Maximum Duty Cycle (%)

Minimum Rate Input Frequency (Hz)

Maximum Rate Input Frequency (kHz)

Maximum Accumulate Count Value

Table A.5-2 shows manual pulse input card accuracy test results for accumulate mode
from in-house test for seismic retest. There is no acceptance criteria specified for the
accuracy performance of the pulse card. However, it can be seen that the accumulate
mode accuracy are within ±0.1% at all input frequencies from both 1 and 100 prescaler
tests except at 195 kHz from 100 prescaler test.

Table A.5-2. Pulse Input Channel Accumulate Mode Accuracy Data from In-house
Test for Seismic Retest.

50 49.756

5000 4978.4

10000 10002

15000 14977

195000 19450

Table A.5-3 shows manual pulse input card accuracy test results for rate mode with 8 bit
and 12 bit configurations from in-house test for seismic retest. There is no acceptance
criteria specified for the accuracy performance of the pulse card. However, it can be seen
that the rate mode accuracy are well within ±0.1% when the card was operated at 12 bit
and the measurements were within the range when the card was operated at 8 bit.
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Table A.5-3. Pulse Input Channel Rate Mode Accuracy Data from In-house Test
for Seismic Retest.

600 1594.454
5000 4978.5 _____ ____

10000 10003 ___ _____

15000 14977.3 _ ______

19500 19450.3 _ ______

A.6 AUTOMATED ANALOG ACCURACY TEST

A.6.1 Al Automated Test

Table A.6-1 shows the test data logged by HAS logger for Al accuracy test from the in-
house test for seismic retest. It is clear that the results are within the acceptance criteria
of ±0.1% and will serve as the baseline for Al automated test results from Wyle seismic
test.

Table A.6-1. Automated Al Accuracy Test from In-house Test for Seismic Retest.

Algorithm~ Corrected N Averaged A
Tag~ Name Leel Level~ Logged Value!

1.BL,506 _

10
30
50

70
90

2,BL,215
10
30

_ _ _ _ 50 1 1
1 70 17

A.6.2 AO Automated Test

Table A.6-2 shows the automated AO accuracy test results. It is clear that the results are
within the 0.1% acceptance criteria and will serve as the baseline for AO automated test
results from Wyle seismic test.
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Table A.6-2. Automated AO Accuracy Test - In-house Test for Seismic Retest.

2 ,lL, I I

______ _____ 10
30
50
70
90

A.6.3 RTD Automated Test

The RTD input signal could not be automated like those for the Al and AO accuracy
tests. In order to provide an input value for monitoring, a fixed resistor was connected to
each input channel, and the constant current source for each channel produced the voltage
drop sensed by each channel. The HAS data for. RTD during the automated accuracy test
are listed in Table A.6-3. The data would serve as the baseline for the evaluation of RTD
performance during the Wyle seismic retest.

Table A.6-3. Automated RTD Accuracy Test - In-house Test for Seismic Retest.

Ta Namei~ R:esistance :; ••2).:

1,BL,10 130.52 72.93
1,BL,528 134.20 79.95
1,BL,548 132.83 79.25

A.6.4 Pulse Card Automated Test

The automated test for the pulse card will consist of applying the same signal to two
channels. One channel is configured for rate mode, and the other channel is configured
for accumulate mode with a prescaler value of 1000. The data from these two channels
were logged by HAS logger and the results are listed in Table A.6-4. The pulse card
performance in both the rate mode and accumulate mode based on the HAS data is shown
in Table A.6-5. In the rate mode measurement, HAS data showed toggling between
0.49% and 0.51% that corresponds to 98 Hz and 100 Hz respectively. Therefore, the
input frequency of 100 Hz was within the range. As for the accumulate mode, a
calculation based on a 28 minute I1I second period data gave a -0.025% accuracy.
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Table A.6-4. HAS Data for Automated Pulse Card Test - In-house Test for Seismic
Retest.

Ta~g Name~ Time Stamp ~ Value ~ Decrpto

1,BL,535 8/26/2004 1:14:47 Pulse Output Signal
1,BL,535 8/26/2004 1:14:48 Pulse Output Signal
1,BL,535 8/26/2004 1:14:52 Pulse Output Signal
1,BL,535 8/26/2004 1:14:53 Pulse Output Signal

1,BL,535 8/26/2004 1:15:06 Pulse Output Signal
1,BL,535 8/26/2004 1:15:07 Pulse Output Signal
1,BL,535 8/26/2004 1:15:09 Pulse Output Signal
1,BL,535 8/26/2004 1:15:10 Pulse Output Signal
1,BL,535 8/26/2004 1:15:14 Pulse Output Signal

1 ,BL,539 8/26/2004 1:07:34 Pulse Output Signal

1 ,BL,539 8/26/2004 1:07:35 Pulse Output Signal
1 ,BL,539 8/26/2004 1:07:36 Pulse Output Signal
1 ,BL,539 8/26/2004 1:07:37 Pulse Output Signal

1 ,BL,539 8/26/2004 1:07:38 Pulse Output Signal

1 ,BL,539 8/26/2004 1:35:45 Pulse Output Signal
1,BL,539 8/26/2004 1:35:46 Pulse Output Signal

1 ,BL,539 8/26/2004 1:35:47 Pulse Output Signal
1,BL,539 8/26/2004 1:35:48 Pulse Output Signal
1,BL,539 8/26/2004 1:35:49 Pulse Output Signal

Table A.6-5. Automated Pulse Card Accuracy Test - In-house Test for Seismic
Retest.

_____Channel__ 1 1A,1001) ~ ~Channel 3 (1,AI,1OO5)K

Configuration

Input Signal (Hz)

Indicated Value

Expected Value

Error (%)
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A.7 DIGITAL RESPONSE TIME MEASUREMENT

Manual Test Execution

Results of manual digital response time test during in-house test for seismic retest are
listed in Table A.7-1. The table contains response measurements for control system
configured with single or redundant controllers. Results show that the square waveform
period measurement in a redundant system is -80 ms longer than the corresponding
measurement in a single controller system. Similarly, the direct digital response time
measurement in a redundant system is significantly longer than in a single controller
system: 106.9 ms vs. 72.6 ms. The response time of 106.9 ms does not meet the
acceptance criterion of 100 .ms, but consistent with the results from baseline report
(TS901-000-22).

Table A.7-1. Manual Measurement of Digital Response Time from In-house Test
for Seismic Retest.

2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

AVG
STD

Automated Test Execution

Results of automated digital response time test during in-house test for seismic retest are
listed in Table A.7-2. Digital response time from direct measurement averages at 100 ±
30 ms, and thus meets the 100 ms acceptance criteria. The digital response time from
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indirect (cascaded) measurements averages at 91 ± 18 ms, which is within the acceptance
range. When the system was configured with single controller, response time from direct
measurement is approximately the same as that from the cascaded measurement. In
contrast, when system is configured with redundant controllers the response time from
direct measurement is -10 ms longer that the result from cascaded measurement. The
cause of this difference is because data equalization between redundant• controllers
consumes time and results in longer equation cycle time.

Table A.7-2. Automated Digital Response Time from Pre-qualification and from In-
house Test for Seismic Retest.

oeismic mexest tin-nouse I est,
Single Controller)

Seismic Retest (In-house Test,
.Redundant Controller)

Figure A.7-1 plots the distribution pattern of the response time measurements during the
in-house test for seismic retest with single controller configuration. It is clear that the
distribution patterns for direct and cascaded measurements are similar when the system is
configured with a single controller: majority of counts (-80%) are distributed into 0.06-
0.08 and 0.08-0.10.time bins.

Response Time - Seismic Retest (In-house Test, Single
Controller)

60

50

o .

L) 20 ~
10

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2

Time Bin (s)

Figure A.7-1. Distribution of Digital Response Time from In-house Test for Seismic
Retest With Single Controller Configuration.

Figure A.7-2 plots the distribution pattern with redundant controller configuration. The
result is similar to that of the pre-qualification test: the response time from the direct
measurement spans a larger timeframe and is also more evenly distributed; whereas the
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results from the cascaded tests span over a smaller timeframe and are also much less
evenly distributed. For example, in direct response time measurement, the counts % for
time bins 60-80 ms, 80-100 ms, 100-120 ms, and 120-140 ms are roughly the same, in
contrast to cascaded tests where counts are located at these three time bins: 60-80 ms
(-60%), 80-100 ms (-5%), and 100-120 ms (-35%).

Digital Response Time - Seismic Retest (In-house Test,
Reduncant Controllers)

60

t-= 30 •+.:;, , '
70 ,

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2

Time Bin (s)

Figure A.7-2. Distribution of Digital Response Time from In-house Test for Seismic
Retest With Redundant Controller Configuration.

A.8 TSAP ANALOG RESPONSE TIME TEST

Manual Test Execution

The results from manual measurement of analog response time during the in-house test
for seismic retest are listed in Table A.8-1. 1,AI,883 is the analog step signal, and
1,DO,401 is the simulated trip output from 1,AI,883. The leading edge response time
averages at 4.145 second and the trailing edge response time averages at 3.303 second.

Table A.8-1. Manual Measurement of Analog Response Time from In-house Test
for Seismic Retest.

1 1
2
3
4
5
6
7 ______ ______
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8
9
10
11
12
13
14
15
16

Average

STD

Automated Test Execution

The automated analog response time results from in-house test for seismic retest are
listed in Table A.8-2 and Table A.8-3. The data were obtained by processing the SOE
data of TSAP simulated trip output signal (1,DO,401), which was logged as 4,DI,10. The
averaged periods for trip waveform, Set, and Reset with redundant controller
configuration are 20.003 s, 10.808 s, and 9.198 s respectively. There is no noticeable
difference for automated analog response time measurements when system is configured
with single or redundant controller(s).

Table A.8-2. Automated Analog Response Time Test Results from In-house Test for
Seismic Retest With Single Controller Configuration.

1
2

'3

4
5
6
7
8
9
10

AVG
STD
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Table A.8-3. Automated Analog Response Time Test Results from In-house Test for
Seismic Retest with Redundant Controller Configuration.

Trip I TripI:i

1 1 ____________

2
3 ______

4 ______ ______ ______

5 ______

6 ______

7
8 _______

9 ______

10 _____

AVG
STD

In addition to the SOE data as presented above, HAS logger also preserved data related to
the analog response time test. More specifically, in the modified HAS configuration
table for seismic retest, free running waveform that toggles between 45% and 55% from
HPAT was logged as 2,BL,228, the corresponding TSAP Al signal was logged as
1,BL,567, and the trip output from TSAP was logged as 2,DI,161. The analog response
time is obtained by taking the time differences from when 2,BL,228 transitions to when
2,DI,161 transitions. The results are listed in Table A.8-4. The data for 1,BL,567 in the
table represents the time when the block rose above 50% or fell below 50%. It is clear
that the automated analog response time was very consistent throughout the test. Leading
edge response time is the same as the trailing edge response time. The 4.0 second
response time is comparable to themanual test results in which the leading edge response
time was measured as 4.1 seconds and the trailing edge response time was measured as
3.3 seconds.

Table A.8-4. Automated Analog Response Time Test Results from In-house Test for
Seismic Retest with Redundant Controller Configuration.

12:06:12
.12:06:22 __ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _

12:06:32 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

12:06:42 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

12 :06:52 __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

12:07:02 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

12:07:12
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~2,13L,228 1,13L,567 2,D1,161 A ~ 7nalog Response
Leading Edge ~Trailing Edge

Time Stamp Value Time Stamp Value Time Stamp Value Response. •Response

12:07:22
12:07:32
12:07:42
12:07:52
12:08:02
12:08:12
12:08:22
12:08:32
12:08:42
12:08:52
12:09:02
12:09:12
12:09:22
12:09:32

A.9 DISCRETE INPUT OPERABILITY TEST

The discrete input operability test results are listed in Table A.9-1. Each channel under
the test cycled the input voltage a total of three times. The measurements were taken
under ambient temperature.

Table A.9-1. Discrete Input Operability Test Results from In-house Test for Seismic
Retest.

Maximum InputSettagetage

Threshtoltag 

(V)

Voltage_(V) ___

Dropout Voltage (V)

It is clear from the table that the DI channels under test met all of the acceptable criteria
for the set -voltage level (20 v at 25 'C), dropout voltage (12-15 v at 25 0C), and the
maximum input voltage (53 v at 25 'C).

A.10 DISCRETE OUTPUT OPERABILITY TEST

This test measured operating characteristics of relay output channels, 120-vac output
channels, and 125-vdc output channels for conformity with specified limits and
tolerances.
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A.10.1 Relay Output Operability

One HFC-DO8J relay output module was selected for test, and the contact resistance for
each relay channel was measure with an ohmmeter. The observed resistance ranged from
0.60Q to 0.74Q. In contrast, the average contact resistances measured during the
prequalification execution of the same test was 0.58K2, indicating a degree of
deterioration caused by cumulative operating cycles. Four test channels were loaded with
a current in excess of 9.4 A at 120 vac and then switched under load. Each test channel
successfully opened without indication of arcing.

Acceptance criteria for relay channels are that the relay will operate successfully for a
resistive load with a current level of 5 A at 30 v. Each channel tested met the acceptance
criteria. Observed parameters for the relay channels remained essentially unchanged
from those measured during the prequalification test, except that the average contact
resistance had increased by 0.07 ohm.

A11.2 120 vae Output Operability

The test was executed on two output channels of a selected HFC-DC33 module. The
specified acceptance criteria for such channels are as follows:

0 Functional range is 90.0 ± 0.5 vac at 47 Hz up to 130.0 + 0.5 vac at 63 Hz
* 2 A minimum in-rush capacity
o Up to 0.5 A steady-state current capacity
* 2 vac maximum on-state voltage drop at 0.5 A
* Supports off-state continuity monitoring for the external relay coil

The test was conducted by supplying ac power to the module under test via a variable
power supply and then enabling/disabling the output channel. During each transition, the
power source signal and the output voltage of the channel under test were captured on an
oscilloscope, and the relevant measurements were taken from the oscilloscope screen
captures. Table A. 10-1 summarizes the test results obtained for this module.

The module continues to perform within all acceptance criteria, except the on-state
voltage drop appears to exceed the 2.0 v limit based on the data provided by the
oscilloscope screen captures. These values are deceptive, because the oscilloscope
produced averaged rms values over the entire range of the sample, and the amplitude of
the. DO channel switched during that period. Measurements taken directly from the
screen are less precise, but they indicate that the voltage drop through the module
remained within limits.
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Table A.10-1. 120 Vac Output Channel Parameters.

Parameter~ Set Coil Circuit i Reset Coil Circuit

Coil Resistance
Supply voltage set to 90.0 _ 0.5 vac at 47 Hz
Peak off-on response voltage
Peak in-rush current
Steady-State output (rms)
On state voltage drop
Peak reverse EMF
Off state leakage

Supply voltage set to 130.0 ± 0.5 vac at 47 Hz
Peak off-on response voltage
Peak in-rush current
Steady-State output (rms)
On state voltage drop
Peak reverse EMF
Off state leakage

The acceptance criteria for in-rush current and steady-state current load are 2.0 A and 0.5
A, respectively. One measurement for peak in-rush current was 2.33 A, and one value
for steady-state current was 1.62 A, indicating.that the module can support the minimum
current levels. The solid state relay is rated for a steady-state current of up to 10 A and a
peak surge current of more than 60 A. The relay DO test demonstrated that the interface
cable can support a steady-state current in excess of 9 ADC, as the system can support
the minimum current level specified.

The coil monitoring circuit supplies a leakage current of between 2% and 4% of the
amount required to energize the relay. The EPRI specification requires that leakage be
less than 2 mA or less than 80% of the minimum current needed to energize the attached
relay. The latter limit is maintained by the coil continuity circuit.

A.10.3 125 vdc Output Operability

The test was executed on two output channels of a selected HFC-DC34 module. The
specified acceptance criteria for such channels are as follows:

o Functional range is 90.0 ± 0.5 vdc to 140.0 ± 0.5 vdc
* 2 A minimum in-rush capacity

- Up to 0.5 A steady-state current capacity
* 2 vdc maximum on-state voltage drop at 0.5 A
* Supports off-state continuity monitoring for the external relay coil,

This test was conducted in the same manner as the 120-vac test using a variable dc power
source. Table A. 10-2 summarizes the results obtained for the 125-vdc output channels.
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Table A.10-2. 125 Vdc Output Channel Parameters.

Paramneter/ Set Coil Circuit Reset Coil Circuit

Coil Resistance I I

Supply voltage set to 90.0 ± 0.5 vdc

Peak off-on response voltage

Peak in-rush current

Steady-State output

On state voltage drop

Peak reverse EMF
Off state leakage

Supply voltage set to 140.0 + 0.5 vdc

Peak off-on response voltage
Peak in-rush current
Steady-State output
On state voltage drop
Peak reverse EMF
Off state leakage

The characteristics observed correspond to those obtained during the original baseline
test. The acceptance criteria stipulate that the module be capable of supporting an in-rush
current up to.2 A and a steady state current of up to 0.5 A as a minimum. The maximum
current level observed during the test was 308 mA (890 ma for reverse EMF) due to the
characteristics of the attached relay. The control circuit for this module is rated for 11 A
at 25 'C with a derating down to 6.8 A at 100 'C. In addition, the interface circuitry has
been shown to support current levels above 9 ADC by the relay DO test.

Requirements and characteristics for the coil monitoring circuit of the 125-vdc channels
are identical to those for the 120-vac output channels.

HFC concludes -that these modules satisfactorily meet the functional requirements for
these DO channel types.

A.11 COMMUNICATION OPERABILITY TEST

The Communication Operability Test was run for about 5 minutes on 9/7/04.

* ICL Error Counters

Screen captures were taken for ICL error counters at the start and at the end of the test.
None of the cards in the Test Specimen showed errors.
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Table A.11-1. ICL Error Counters During Communication Test of In-house Test
for Seismic Retest.

Sation Card Type Cq Start TndCome Stop Time Duration CommetCon C€u ount Dtff ____________

Remote 1 d-h-m-s

0 KPD16
1 KPD16
3 KPD16
5 KDI16

6 KD08
7 KD08
16 KDI16
17 KPD16

19 KD116
20 KPD16
22 KD116
23 KDO8

24 KDO8

25 KDI16

26 KPD16

36 KDI16
37 KDI16
38 KD08
39 KD08
40 KD08

48 KAIO
49 KAO8
50 KAIO
51 KAIO

52 KAI16
53 KA116
54 KAO8

56 KA18
57 KAIO

58 KAI8
59 KAI8

60 KAI8

A.12 TIMER TEST

A.12.1 Manual Timer Test

Table A.12-1 lists the period measurements for free running waveforms 4,DI,l1 (1
second on timer + 1 second off timer) and 4,DI,12 (5 second on timer + 1 second off
wave timer) from manual timer test. ABS stands for absolute. The results show that
4,DI,12 had a larger absolute deviation than 4,DI,12: 31.8 ms vs. 17.8 ins. Nonetheless,
the. averaged period deviations for both waveforms are less than 1%, and within the
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theoretical characteristics of the timer function as described in the baseline report
(TS901-000-22).

Table A.12-1. Manual Timer Test Result for Combined Timers from In-house Test
for Seismic Retest.

2 ____ ____ ____ ____ ____ ____

3 _____ _____ _____ _____ _____ _____

4 _____ _____ _ _ _ _ ____ ____ ____

5 _____ _____ _____ _____ _____ _____

Average ____ ________ ____ ____

Measurements on the durations of 1 second timer (ON) for 4,DI, 11, and 5 second timer
(ON) for 4,DI,12 were also performed and the results are listed in Table A.13-2. It is
clear that 1 second timer and 5 second timer have similar absolute deviations and jitters:
23.2 ms vs. 27.2 ms for deviation and 42.2 ms vs. 47.3 ms for jitter. On the other hand,
the jitter% for 1 second timer is about 5 times larger than that of 5 second timer: 5.0% vs.
0.95%. The difference is caused by the smaller duration of 1 second timer.

Table A.12-2. Manual Timer Test Results for Individual Timers from In-house
Test for Seismic Retest.

1 s Timer (ON) 5 s Timer (ON)

DABS "ABS ABS LABSI~esDureati evaton JfA9B 0  Duration evait ABS~

2
3
4

5
6
7
8
9

10
11
12
13
14
15
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A.12.2 Automated Timer Test

The results from automated timer test during the in-house test for seismic retest are listed
in Table A.12-3. The number listed in the table is the average results of 28-29
measurements for the 4,DI, 12 and 51-53 measurements for the 4,DI, 11. The data would
serve as the baseline for the evaluation of timer performance during the Wyle seismic
retest.

Table A.12-3. Automatic Timer Test Result from In-house Test for Seismic Retest.

ON 5

4,D1,12

Number of
Measurement ___

OFF, _ __1_ _ _ _ _

Number of
Measurement

ON 1

Number of

4,DI,11~ Measurement
OFF 1

Number of
____Measurementl___ ________

A.13 FAILOVER OPERABILITY TEST

Figure A. 13-1 is the screen capture_ from the failover test when switching off the power of
controller A (controller A was running as the primary). A delay of 56 ms is recorded
from High-to-Low transition for signal PRI _B/ to Low-to-High transition for signal
SANE_A/. Similarly, Figure A.13-2 is the screen capture from the failover test when
switching off the power of controller B (controller B was running as the primary). A
delay of 39.2 ms is recorded from High-to-Low transition for signal PRI _A/ to Low-to-
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High transition for signal SANE_B/. The difference in the time delay is due to the fact
that the power cycle was not synchronized with internal operations of the controller. The
controller that was primary disabled its PRI/ signal as soon as power dropped below the
low level limit of its onboard power monitor, causing the secondary to take over as

Figure A.13-1. Failover When Controller A Was Primary from In-house Test for
Seismic Retest.

primary. However, the SANE/ signal of the former primary remained active until power
dropped out entirely. Because processing of PRI status occurs at a single point during the
processing cycle, the relative duration between the transitions will vary, depending on
when the power level drops.
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Figure A.13-2. Failover When Controller B Was Primary from In-house Test for
Seismic Retest.

Figure A.13-3. Effect of Maintenance Failover on Analog Control Loop from In-
house Test for Seismic Retest.

Figure A. 13-3 shows the effect of maintenance failover (MF) on the analog control loops.
The first two transitions had no failover and the last two transitions included failover. It
is clear that no disruption occurred to analog output signal during the failover process.
Figure A. 13-4 shows the effect of maintenance failover on the digital control loops. The
maintenance failover was initiated after triggering the slow close process. The duration
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from the Low-to-High change of signal 1,DI,30 to the High-to-Low change of signal
1,DI,21 was measured as 5.00 second, which demonstrates that maintenance failover has
no effect on the operation of digital control loop.

Figure A.13-4. Effect of Maintenance Failover on Digital Control Loop from In-
house Test for Seismic Retest.

Figure A. 13-5 illustrates transitions of DO data during the maintenance failover: arrows
mark the moment when MF was introduced. No invalid transition was detected during
the entire failover process. This had been validated by inspecting the SOE and HAS
reports from failover test and no state transitions for static points were recorded
throughout the failover test period. The representative state transition time for the DO
points before, during and after failover is listed in Table A.13-1. Longer transitions
period is observed during the failover process except 4,DI,10. A shorter transition time
followed the failover for 4,DI,9, 4,DI, 11. On the other hand, transition time recovered to
the pre failover level for 4,DI,2, 4,DI,3, 4,DI,10, and 4,DI,12 after the failover. 4,DI,8
was not impacted by the failover because it was an output from HPAT.
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Digital Output - Failover (MF) Test (In-house Test for Seismic Retest)
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10:53:46 10:53:50 10:53:54 10:53:59 10:54:03 10:54:07 10:54:12 10:54:16 10:54:20
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Timeline

Digital Output - Failover (MF) Test (In-house Test for Seismic Retest)

10.8 1

04

0.2
0 0_

10:53:46 10:53:50 10:53:54 10:53:59 10:54:03 10:54:07 10:54:12 10:54:16 10:54:20

Timeline

Figure A.13-5. Transition of Digital Points During Maintenance Failover.

Table A.13-1. DO State Transition Time Before, During, and After Maintenance
Failover.

Before FO
During FO~
~After FO

A.14 LOSS OF POWER TEST

Figures A. 14-1, A. 14-2 illustrate the response of the analog output signals during the loss
of power test of in-house test. 1,BL,40 (1,AO,981) is a static signal from the TA05 level
controller, 1,BL,504 (1,AO,841) is a static signal from the TA05 flow controller, and
2,BL,203 (1,AO,983) is a uncontrolled spare RTD point. It can be seen that for both
dynamic and static analog outputs, the signals remained at their power-off state (0%)
until the operation restarted. In this test, no failsafe state was detected by HAS logger for
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neither 2,BL,211 or 2,BL,215. The transient nature of failsafe state was discussed in
Section A. 14 of Baseline Report (TS90!-000-22).

Figure A.14-1. Analog Data During Loss of Power Test from In-house Test for
Seismic Retest.

Loss of Power - Static Analog Data (in-house Test for Seismic
Retest)

120

0 , •FL,--10,

> 40,4

0.
8/26/2004 8/26/2004 8/26/2004 8/26/2004 8/26/2004
13:16:19 13:17:46 13:19:12 13:20:38 13:22:05

Timeline

Figure A.14-2. Static Analog Data During Loss of Power Test from In-house Test
for Seismic Retest.

Figure A.14-3 illustrates the effect of power loss on the digital points as logged by the
SOE. During power loss period, digital points from TSAP (4,DI,2, 4,DI,3, 4,DI,9,
4,DI,10, 4,DI,11, and 4,DI,12) transitioned to their deenergized state of 0 (false) as
expected, and no further transition was logged until power was restored. The reason why
4,DI,8 (HPAT output for digital response time test) was not logged is because the
excitation power for this signal came from the TSAP. As a result, when power was cut
off from the TSAP, the power for this signal was also cut off. It came back earlier than
the other points because the relay channel controlling this signal resides in the HPAT,
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therefore no TSAP scanning was required. After the power was restored, the log of all
digital data resumed with the next point transition to 1 (true), because SOE logger records
only changes in state. As shown in the figure, 4,DI,8 resumed activity several cycles
earlier than the rest of SOE logged digital points.

Loss of Power - SOE Digital Data (In-house Test for Seismic Retest)

0.6

0.2
08 1 ~ ~ 4,Dt1,12

1130 1140 1150 1160 1170 1180 1190 1200 1210 1220 1230

Elapsed Time (s)

Figure A.14-3. Digital Data from SOE Logger During Loss of Power Test of In-
house Test for Seismic Retest.

Figure A. 14-4 illustrates the effect of power loss on the digital points as logged by HAS
logger. 2,DI,161 (1,DO,401) is the trip output signal from analog response time test and
2,DI,155 (1,DO,647) is the uncontrolled TSAP logic. Due to the loss of C-Link after
power was cut, HAS logger could not record the transition to the deenergized state of
"0". However, the HAS data did show that on return of the power the initial state of
these two points were at "0" as expected.

Loss of Power - HAS DO Data (In-house Test for Seismic Retest)
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0.8
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> 0.

0.2
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8/26/2004 13:16:19 8/26/2004 13:17:46 8/26/2004 13:19:12 8/26/2004 13:20:38 8/26/2004 13:22:05

~2,D11161

Timeline

Figure A.14-4. Digital Data from HAS Logger During Loss of Power Test of In-
house Test for Seismic Retest.
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A.15 POWER INTERRUPTION TEST

Selective analog accuracy test signals and static analog points throughout the entire
power interruption test were plotted in Figures A.15-1, A.15-2, and A.15-3. The first,
third and fourth of the four disruptions shown in these figures corresponds to one power
interruption test. There were no background tests running during the first power
interruption. The second disruption at around 14:11:28 PM seemed to be a C-Link
disruption, as demonstrated by the loss of DDB data for 1,,B1,506 and RTD cards, as well
as spotty DDB for 2,BL,211. After the second power interruption test, a disruption for
digital points appeared at around 14:18:27 as shown in Figure A.15-4. Analog accuracy
test seemed to stop running after this disruption (Refer to 1,BL,506 and 2,BL,211 in
Figure A.15-1) . In contrast, the digital responses continued to run after the disruption.
Analog accuracy returned after the third power interruption test.

Figure A.15-4 demonstrates that the static points during the power interruption test did
not meet the acceptance criteria which specifies a maximum 5% output drift for the static
AO channels. Each time when power interruption was introduced, 1,BL,1 (simulated
process valve) jumped to value 4 then slowly drifted back to its static value of 1.

AI/AO Accuracy - Power Interruption (In-house Test for'Seismic Retest)

100

::F80

*~60 -4-iBL,506

40 -

13:59:31 14:06:43 14:13:55 14:21:07 14:28:19

Timeline

Figure A.15-1. AI/AO Signals During Power Interruption Test of In-house Test for
Seismic Retest.
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RTD Accuracy - Power Interruption (In-house Test for Seismic Retest)
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Figure A.15-2. RTD Signal During Power Interruption Test of In-house Test for
Seismic Retest.

TA05 Valve Controller - Power Interruption (In-house Test for Seimic Retest)

4
3.5

2.5 ---- 1,BL,1

1

13:59:31 14:06:43 14:13:55 14:21:07 14:28:19
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Figure A.15-3. Static Point During Power Interruption Test of In-house Test for
Seismic Retest.

Power Interruption - Digital Data (In-house Test for Seismic Retest)
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Timeline

Figure A.15-4. Digital Data During Power Interruption Test of In-house Test for
Seismic Retest.
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A.16 POWER QUALITY TOLERANCE TEST

The power quality tolerance test results during in-house test for seismic retest are listed in
Table A.16.1. The two power modules A and B from TSAP meet the ±1% acceptance
criteria at both the low voltage and high voltage tests. At low voltage test, both TSAP
and SLC dropped out at 66.4 Vac, and the power supply recovered from the undervoltage
condition automatically. However, since the undervoltage condition brought down the
entire system, no system status alarm was logged after the power trip. At high voltage
test, no system trip was observed up to the limit of the power source: 275 Vac. Lastly, by
inspecting the HAS data for power supply alarm flags, it is concluded that no power
supply dropout alarm occurred while source power was within the specified range (90-
150 Vac and 57-63 Hz).

Table A.16.1. TSAP and SLC Power Quality Tolerance Test Results from In-house
Test for Seismic Retest.

120 vac 60 Hz
90 vac 57 Hz

90 vac 63 Hz

90 vac 63 Hz

< 60 vac

120 vac 60 Hz

150 vac 57 Hz

150 vac 63 Hz

150 vac 63 Hz

> 270 vac

120 vac 60 Hz

Figures A. 16-1 and A. 16-2 -demonstrates the analog responses throughout the low voltage
test. Notice a system dropout occurred at around 9:36:51 AM and the automatic system
recovery at around 9:38:14 AM. Also notice that in Figure A.16-1, TSAP AO outputs
2,BL,211 and 2,BL,215 had a spike before settling down when system recovered from
the power trip. Figure A. 16-3 shows the digital response throughout the low voltage test.
As expected, all TSAP digital outputs (4,DI,2, 4,DI,3, 4,DI,9; 4,DI,10, 4,DI,11, and
4,DI,12) went down to zero when power trip occurred. However, similar to what
happened during the loss of power test, 4,DI,8, the free running waveform from I-PAT
for digital response time test, showed similar disruption although it dropped to zero later
but recovered earlier than the TSAP DO points.

Figures A.16-3 and A.16-4 demonstrates the analog responses throughout the high
voltage test. Notice that there is no system disruption during the entire test period.
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Power Quality (Low Voltage) - Accuracy (In House Test for Seismic Retest)
100 1 =ii : ' ..

M 60 B, t
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.9:31:41 9:33:07 9:34:34 9:36:00 9:37:26 9:38:53 9:40:19 9:41:46
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Figure A.16-1. Analog Data During Low Voltage Power Quality Tolerance Test of
In-house Test for Seismic Retest.

Power Quality (Low Voltage) - Accuracy (In House Test for Seismic Retest)
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Figure A.16-2. Analog Data During Low Voltage Power Quality Tolerance Test of
In-house Test for Seismic Retest.

Power Quality (Low Voltage) - Digital Data (In-house Test for Seismic Retest)
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Figure A.16-3. Digital Data During Low Voltage Power Quality Tolerance Test of
In-house Test for Seismic Retest.
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Power Quality (High Voltage) - Accuracy (In House Test for Seismic Retest)
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Figure A.16-4. Analog Data During High Voltage Power Quality Tolerance Test of
In-house Test for Seismic Retest.

Figure A.16-5. Analog Data During High Voltage Power Quality Tolerance Test of
In-house Test for Seismic Retest.
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B.1 GENERAL

The purpose of this attachment is to document the results of the Post Qualification
Prudency Tests in Section 4.1 of the Prudency Test Procedure TP0403, Rev. C.

B.2 DIGITAL INPUT/OUTPUT BOE TEST

The points logged during the digital BOE test were 4,DI,28, 4,DI,32, 4,DI,33, 4,DI,34,
4,DI,35. SOE data demonstrated that all digital transitions occurred with 0.85-1.15 s.*

B.3 ANALOG BOE TEST

The waveforms of TSAP analog inputs at remote 1 and that of the BOE source signal
during the in-house test of seismic retest are depicted in Figure B.3-1. It is. clear from the
figure that the TSAP Al signals correlate well with the BOE source signal at each
transition, and they essentially overlap with one another. Table B.3-1 lists the averaged
readings and deviations of 15 measurements for these HAS logged Al signals at 10% and
90% levels.

BOE Source vs. TSAP Als - Prudency Test (In-house Test for Seismic
Retest)
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Figure B.3-1. BOE Control Signal versus TSAP Analog Input Signals in Remote 1
from In-house Test for Seismic Retest.
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Table B.3-1. TSAP Al Channel Readings and Deviations from BOE Source Signal
from In-house Test for Seismic Retest.

+ +
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TSAP Al vs. TSAP AO - Prudency Test (In-house Test for Seismic Retest)
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Figure B.3-2. TSAP Al signal (1,AI,882, 1,BL,510) versus Corresponding TSAP
AO Signal (1,AO,922, 2,BL,213) from In-house Test for Seismic Retest.

HAS Logging of 1,BL,506 During In-house Test

12

E 11

E 10

9

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

Relative Time (s)

Figure B.3-3. Analog Input Signal of 1,BL,506 During the In-house Accuracy
Operability Test.

Table B.3-2. TSAP AOs and the Corresponding TSAP AIs in Remotel from In-
house Test for Seismic Retest.

9.575+ 0.115± 0.421 ±
0.011 0.008 0.017
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B.4 SERIAL PORT FAILURE TESTS

B.4.1 ICL Failure Test

Abnormal transitions and the corresponding timestamps for logged digital channels
during the ICL failure test are listed in Table B.4-1. No abnormal transitions were
detected with normal breakout cable and with pin1 of TX shorting one RX line. The
abnormal transitions occurred during other stages of the C-Link failure test all appeared
at the end of respective test. They were caused by the perturbation from stopping the
BOE test. All other transitions occurred within 0.85-1.15 s.

Table B.4-4. Digital BOE Abnormal Transitions from ICL Failure Test of In-house
Test for Seismic Retest.

Breakout
Normal

. I . i ! i i i ! i i i i i ! i ! i i

TX Pin Float

Short Ground

Short RX Pin

Regular Cable_____
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BOE Source vs. TSAP Als - ICL Failure Test (In-house Test for Seismic Retest)
100-

80 -- y.

0 r -. ,BL.286j

~1BL,5106

E 20

0 4
15:56:10 15:59:02 16:01:55 16:04:48 16:07:41 16:10:3 16:13:26 16:16:19

Timeline

Figure B.4-1. BOE Control Signal versus TSAP Analog Input Signals in Remote 1
During ICL Failure Test of In-house Test for Seismic Retest.

TSAP At vs. TSAP AO - ICL Failure Test (In-house Test for Seismic Retest)

100

o 80 >7

60 -, 1,~ -- BL,510
~40 - 2,BL,213

E 20 - 3
0

15:56:10 15:59:02 16:01:55 16:04:48 16:07:41 1610.3 6:13:26 16:16:19

Timeline

Figure B.4-2. TSAP AL signal (1,AI,882, 1,BL,510) versus Corresponding TSAP
AO Signal (1,AO,922, 2,BL,213) During ICL Failure Test of In-house Test for

Seismic Retest.
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Remote3: TSAP Al vs. TSAP AO - ICL Failure Test (In-house Test for Seismic
Retest)

100

F. 80 .. ..

70
0)60 < >

50o
40

0 2-

15:56:10 15:59:02 16:01:55 16:04:48 16:07:41 16:103 6:13:26 16:16:19

Timeline

Figure B.4-3. Single Loop Controller Analog BOE Source Signal versus TSAP Al
and TSAP Al versus TSAP AO During ICL Failure Test of In-house Test for

Seismic Retest.

B.5 SERIAL LINK NOISE TEST

Serial link noise test was performed on 9/3/2004 from 2:26 PM to 4:31 PM.

Table B.5-1. Digital BOE Abnormal Transitions from Serial Link Noise Test of In-
house Test for Seismic Retest.

C-Link
Noise

ICL Noise1-- -111____

CSM Link ____ IIli
Noise__ ___ ~ ____... ~ ~ I ___

Analog BOE test results during the serial link noise test are demonstrated in Figures B.5-
1, B.5-2, and B.5-3. It is apparent from the figures that there are no apparent disruptions
throughout the entire serial link noise test.
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BOE Source vs. TSAp Als - Serial Link Noise Test (In-house Test for Seismic
Retest)

M

E

1 0 0 , ------

80 4
6 0 .. ...
40

20 C Link

0CSM JIC Lý
16:24:1 16:24:5 16:25:4 16:26:2 16:27:0 16:27:5 16:28 . , ! 16:30:0 16:30:4 16:31:2

4 8 1 4 7 0 4 7 0 3 6

I, B L 1 u

16

Timeline

BOE Source vs. TSAP Als - CSM Link Noise Test (In-house Test
for Seismit Retest)

CL

E

100

.80

20

0
10:19:2 10:19:4 10:20:0 10:20:2 10:20:3 10:20:5 10:21:1 10:21:3 10:21:4

9 7 4 1 . 8 6 3 0 8Timeline

I 1iB 16,

Figure B.5-1. BOE Control Signal versus TSAP Analog Input Signals in Remote 1
from In House Test of Seismic Retest.
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TSAP Al vs. TSAP AO - Serial Link Noise Test (In-house Test for Seismic Retest)

E
60080 -•,

60 4; CLink4, C L7

16:24:1 16:24:5 16:25:4 16:26:2 16:27:0 16:27:5 16:28:3 16:29:1 16:30:0 16:30:4 16:31:2
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TSAP Al vs. TSAP AO - CSM Link Noise Test (In-house Test for
Seismic Retest)
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80 .. 3..
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10:19:2 10:19:4 10:20:0 10:20:2 10:20:3 10:20:5 10:21:1 10:21:3 10:21:4
9 7 4 1 Timtline 6 3 0 8

Figure B.5-2. TSAP Al signal (1,AI,882, 1,BL,510) versus Corresponding TSAP AO
Signal (1,AO,922, 2,BL,213) from In House Test of Seismic Retest.
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Remote 3: TSAP Al vs. TSAP AO (In-house Test for Seismic Retest)

100 __ _ __ _

0 0 C> 1 <>-,B,29d
40 -1 . . .".

40
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Remote3: TSAP Al vs. TSAP AO - CSM Link Noise Test (In-
house Test for Seismic Retest)
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20
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Figure B.5-3. Single Loop Controller Analog BOE Source Signal versus TSAP Al
and TSAP Al versus TSAP AO from In House Test of Seismic Retest.

B.6 FAULT SIMULATION TEST

N/A.
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1.0 PURPOSE

HFC is generically qualifying its HFC-6000 control system for nuclear safety-related
applications in U.S. nuclear power plants. The approach taken for this qualification effort
is based on the guidance provided in EPRI-TR-107330, Generic Requirement
Specification for Qualifying Commercially Available PLC for Safety-Related
Applications in Nuclear Power Plants.

The Seismic test was initially performed at Wyle. The first test was performed on
4/2/2004 and 4/3/2004. During analysis of the initial seismic test data, the Test Specimen
experienced several anomalies and a fault- in the data recorder resulted in a loss of
significant data.. As a consequence, HFC decided to repeat the entire seismic test. The
Seismic tests were conducted a second time at Wyle on 9/22/2004 and 9/23/2004. This
second test is often referred as "Seismic Test 2" in this report.

This document specifically addresses results of the Seismic Testing segment (i.e. Seismic
Test 2) of the qualification testing program.

2.0 SCOPE
/

* Define the test setup and Seismic Qualification tests performed by Wyle Laboratories.

* Evaluate the Operating and Prudency testing performed before/during/after the
- Seismic Qualification test to identify any performance degradation from the Baseline

Operating and Prudency testing performed.

* Evaluate any anomalies detected during the course of the Seismic Qualification tests.

o The tests included a low amplitude resonance search, five OBEs, one SSE, and post
testing inspection and Operability and Prudency testing.

3.0 REFERENCES AND ACRONYMS

3.1 REFERENCES

TS901-000-34
TP0402
TP0403
TP0405"

TP0408B
VV0414
50043

HFC6000 Seismic Retest In House Testing Summary Report
Operability Test Procedure
Prudency Test Procedure
Seismic Test Procedure
Test Specimen Validation Test Procedure
Master Configuration List
"Test Procedure for Seismic Testing of one HFC-6000 Control
System" (Wyle Laboratories)
Hand-written HFC Test Log
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50043 Test Procedure for Seismic Testing of one HFC-6000 Control System
(Wyle Laboratories)

51378-1 Test Report "Environmental and Seismic Testing of an HFC-6000
Control System" (Wyle Laboratories)

700911-01 HFC-6000 Seismic Test Equipment Layout

3.2 ACRONYMS

BOE Burst of Events
HAS Historical Archiving System
HIFR Host Interface Remote
HPAT HFC Plant Automated Tester
ICL Intercommunication Link
M/A Manual/Automatic
OBE Operating Basis Earthquake
RRS Required Response Spectrum

•SOE Sequence of Events
SSE Safety Shutdown Earthquake

4.0 HFC-6000 SEISMIC QUALIFICATION DESCRIPTION

Seismic testing exposes a specially configured HFC-6000 control system (Test
Specimen) to a set of dynamic spectra designed to simulate five Operating Basis
Earthquakes (OBEs) and a Safe Shutdown Earthquake (SSE). The dynamic spectra
consisted of tri-axial, random, multi frequency waveforms that were transmitted to the
Test Specimen by means of hydraulic actuators attached to a Seismic Simulator Table.
Figure 1 illustrates the OBE and SSE spectra recommended by EPRI TR-107330 and the
actual spectra used due to the limitations of the Wyle test fixture. The overall scope of
testing consisted of the following phases:

* Initial setup and pre-qualification testing for equipment
• Low amplitude resonance search-to identify critical frequencies below 100 Hz
" Five OBE
o One SSE
" Post seismic test inspection and Operability and Prudency tests.

A preliminary resonance test was conducted to determine if the Test Specimen
components had any resonant frequencies within the RRS. The test was conducted by
Wyle test personnel by imposing a low level sinusoidal sweep. If one or more resonant
frequencies- were detected, the Test Response Spectrum (TRS) was to be centered on the
resonant frequency that produced the maximum response in the Test Specimen. Overall
requirements for the resonance search were governed by IEEE 344.

Wyle personnel conducted the dynamic seismic tests using the TRS established as the
result of the resonance sweep test in accordance with Wyle Test Procedure 50043. Wyle
personnel performed five tests based on the OBE RRS and one test based on the SSE
RRS. The response spectrum of the Test Specimen was reported for 0.5%, 1.0%, 2.0%,
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3.0%, and 5.0% damping factors. While any particular dynamic test was in progress, an
HFC test engineer ran the specified combination of automated tests to verify overall
system performance. Following each dynamic test, the entire Test Specimen was
examined for mechanical damage. All mechanical damage sustained during testing was
recorded and has been reported in detail within this report.

HHORIZONTAL AND V ERTI CAL
OPERA'TING BASIS EARTHOIUAKF. AND SAFE.SHUTDOCWN EARTHOUAKE

-REQUIRED RESPONSE SPECTRUM

1 CO

0.1
1 10 1 DO

Frequency (Hz)

Figure 1. Seismic Test Spectra.

5.0 HFC-6000 SEISMIC TEST SETUP DESCRIPTION

The test setup included a larger spectrum of equipment than the equipment being
qualified. The test setup defined in this section of the report includes the entire Test
Specimen. The analysis in the remainder of this report is limited to the equipment being
qualified.

The Test Specimen was installed in a standard 19-inch equipment cabinet for
prequalification testing at HFC. After completion of the prequalification tests, the 19-
inch cabinet, HPAT (HFC Plant Automated Tester) cabinet, PC workstation,
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interconnecting cables and necessary support equipment was shipped to Wyle
Laboratories for execution of the seismic test. The Test Specimen was received at Wyle
and mounted on three open frame metal structures (fabricated by Wyle) that had been
welded to the surface of the Seismic Simulation Table. (Refer to Wyle Test report
51378-1.) The physical arrangement of the test specimen was as follows:

One support structure provided the physical mount for Remote 1 consisting of four
HFC-6000 chassis, a power supply chassis, and panel-mounted equipment (switch
modules and M/A stations). The power supply chassis was positioned at the bottom
of the support structure closest to the table surface, and the panel-mounted
equipment was located at the top. I/O cables for this remote were connected to the
rear of the backplane and secured in place with jack screws. Communication with
the HFC-FPD and ECS-B232 modules- was accomplished by cables that connected at
the front of the controller modules. The switch module, M/A station, FPD, and ECS-
B232 are not being qualified.

The following equipment was mounted on the second support structure:

. One flat panel display (FPD) was mounted at the bottom of the structure closest
to the table surface. The second FPD of the Test Specimen was not included in
the seismic test.

> A panel with two ECS-B232 fiber-optic repeater modules required for the fiber-
optic communications link (C-Link) between the HPAT and the Test Specimen.

> One HFC-FPCB module mounted directly on top of the shake table.

* The third mounting structure provided, the physical mount for Remote 3 (single-loop
controller),. which was mounted inside a separate Hoffman cabinet assembly.

The C-Link and FPCB module are not being qualified.

6.0 SEISMIC TEST SEQUENCE

Table 1 provides the detailed sequence of events associated with the seismic qualification
test. The time parameter in the table provides the basis for locating the data associated
with each test in the HAS database and in the SOE files. Accurate identification of the
test times is critical, because each of the seismic tests lasted no more than 30 seconds.
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Table 1. Seismic Tests Time Ranges.

Tests yDate Str n
Pre Test 9:59 am 10:05 am

BOE 10:12 am 10:18 am
OBE1 9/22/04 4:11 pm 4:14 pm
OBE2 9/23/04 8:16 am 8:21 am
OBE3 9/23/04 9:13 am -9:17 am
OBE4 9/23/04 9:38 am 9:41 am
OBE5 9/23/04 9:54 am 9:56 am
SSE 9/23/04 10:27 am 10:30 am

Post Test .9/23/04 12:17 pm 12:22 pm
2:37 pm

The following summarizes the overall sequence for repeat of the seismic test:

1) Assemble Test Specimen on seismic simulator table, and perform TP0408B to verify
system operation.

2) Run the automated portions of the Operability and Prudency tests in accordance with
TP0405.

3) Run the resonance search test.

4) Run five OBEs and one SSE with background Operability and Prudency tests
running.

5) Run the post test sequence defined by TP0405.

7.0 TEST EVALUATION

The Operability and Prudency test results from the "HFC Seismic Retest In-House
Testing", performed prior to shipment to Wyle, establish the baseline limits against
which the seismic test results will be evaluated.

The test evaluation methods include data analysis of OBEs and SSE data compared with
data from;

0

0

0

0

0

HAS and SOE data logged for automatic tests,
Static point examination,
System alarm files,
Examination of testing records recorded by testing personnel,
Reference to Wyle test reports

The following sections provide descriptions of overall test results, any anomalies that
occurred, and resolutions for the anomalies.
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7.1 PRE TESTS

7.1.1 General Descriptions

The purpose of the pretest sequence is to verify that the test specimen is fully operational
prior to the start of the seismic test. During the pretests, all of the automated Operability
tests were run for a minimum period of 5 minutes. The automated Prudency BOE test
was run for 5 minutes. Communications with in the Test Specimen and to the test
recorders were verified.

7.1.1 Acceptance Criteria

Preliminary Operability and Prudency tests results shall remain within the acceptance
limits listed in documents TS901-000-34. Any deviation from baseline results
established during in house testing shall be identified and recorded.

7.1.2 Results

Based on the Pre-Test data evaluation it is concluded that the test specimen was correctly
reassembled following shipment to Wyle and fully operational before the start of the
seismic test except for the single anomaly listed in Section 7.1.3.

Detailed description and evaluation of test results are provided in Attachment A.

7.1.3 Anomalies

The following is a list of anomalies:

* Of the three RTD input channels monitored by HAS through AIC blocks, one was
within tolerance limits and two channels were slightly off from baseline tolerance
limits.

* Assessment: Probable cause is stray resistances in terminal connections to wiring
leads. These resistances can change by one or two ohms when wires are connected
and disconnected. The deviations are considered to have negligible impact on the
seismic testing and evaluations.

7.2 SEISMIC TESTS

7.2.1 General Descriptions

The main test specimen was subjected to OBE1, OBE2, OBE3, OBE4, OBE5 and SSE
tests. Automatic Operability and Prudency tests were run during these testing periods as
well as after SSE.
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7.2.2 Acceptance Criteria

Overall acceptance criteria for seismic testing are specified in paragraph 4.3.9 of EPRI
TR-107730. These criteria are summarized as follows:

* The Test specimen shall meet its performance requirements during and following
application of an SSE simultaneously applied in three orthogonal directions. The
Test Specimen shall withstand application of the SSE spectrum after application of
five OBEs.

* All connections shall remain intact, all modules shall remain fully inserted, and no
functional or non-functional parts shall fall off. Tightening fasteners between
successive OBEs or before the SSE does not constitute a failure condition.

Relay contacts shall be capable of changing state from energized to. deenergized and
from deenergized to energized during application of OBEs and the SSE spectrum.
Any spurious changes in state shall not last for longer than 2 ms for both energized
and deenergized relays.

7.2.3 Results

-The system successfully withstood the SSE after five OBEs seismic tests and continued
to function normally. The overall system performance was within acceptable limits.
Recorded anomalies and the associated assessments are listed in Section 7.2.4. Detailed
descriptions and evaluations of test results are provided in Attachment A.

7.2.4 Anomalies

The followings are a list of anomalies during the tests:
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8.0 SUMMARY

The system successfully withstood the seismic tests and continued to function normally.
The overall system performance was within acceptable tolerance limits except for the
anomalies listed below:

* After OBE3, one of the center power supplies came part way out, but power was
not lost, and no functional failure was noted. A locking bar will included of all
future nuclear plant systems.

* A secondary system controller was lost sometime before or during the SSE. The
system was still operating normally with one system controller. Therefore, this
does not constitute a failure.

Two RTD channels slightly deviate' from in house testing results. The results
during seismic testing are consistent with those in the Pre test. This deviation is
typical of stray resistances due to reconnection of signal wires to terminals and
not a characteristic of RTD input module.

The recommended correction to the system is as follows:

Install a power supply locking bar or retest the power supplies having an enhanced
locking mechanism.
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Appendix A

Operability and Prudency Tests
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A.1 GENERAL

This attachment is to document the results of the Operability Tests and Prudency Tests in
Pre, During, and Post Seismic tests. The acceptance criteria against which the test results
are evaluated are provided in the related test procedures and the seismic baseline test
report. The acceptance criteria for the seismic related Operability test and Prudency test
results shall remain within the tolerance limits established by the baseline testing, as
listed in Attachment A of Baseline Testing Summary Report and as modified by the
"Seismic Retest In-house Testing Summary Report". Any deviation from baseline results
established during in-house testing will be identified and recorded.

All the automated operability tests and prudency tests were run for approximately 5
minutes during each individual seismic test. These tests include Al Accuracy Test, AO
Accuracy Test,, Communication Test, Timer Test, Digital BOE test and Analog BOE
test.

The table below lists time ranges for the seismic tests performed. Automated operability
tests and prudency tests were conducted during these periods.

Table A.1-1. Seismic Tests Time Ranges.

Mre I U5L

BOE 9/22/04 10:12 am
lu:uam dr
10:18 am

OBE1 9/22/04 4:11 pm 4:14 pm
OBE2 9/23/04 8:16 am 8:21 am
OBE3 9/23/04 9:13 am 9:17 am
OBE4 9/23/04 9:38 am 9:41 am
OBE5 9/23/04 9:54 am 9:56 am
SSE 9/23/04 10:27 am 10:30 am

Post Test 9/23/04 12:17 pm 12:22 pm
2:37 pm

Besides the SOE data and HAS data evaluation as described in the following sections,
chatter box charting and system alarm files have been examined. The chatter box
charting shows that the automatic tests were operating normally during the seismic tests,
and no relay contact bounce was indicated during any seismic test run.

A.2 4-20 MA Al ACCURACY TEST

The tolerance limits for pre test and post test are ±0.1% and for seismic tests are ±0.35%.

A.2.1 Pre Test

Al Accuracy was within tolerance limits as shown in the table below.
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Table A.2-1. Al Accuracy - Pre Seismic Test.

29.397

49.359

69.331

89.294

Al Accuracy - Pre-Seismic

100j___

20 -p---!' -

0
9/22/04 9/22/04 9/22/04 9122/04 9/22/04 9/22/04 9/22
9:57:36 9:59:02 10:00:29 10:01:55 10:03:22 10:04:48 10:01

-+-1,BL,506 -- 2,BL,283 2BL,215

1

/04 9/22/04
6:14 10:07:41

Figure A.2-1. Al Accuracy - Pre Seismic.

A.2.2 OBEl

OBEl was run twice, with power set to 120 vac 60 HZ for the first time and 90 vac 57
HZ for the second time. The data from the second run is used for test results. The AI16F
card used for Al accuracy test and analog BOE test apparently went off at the OBEl first
run as shown in the figure below. Shutdown of the module apparently was caused by
watchdog timeout and not related to the seismic test. It was not discovered and reset until
after OBE2. The card failure has been reported as an alarm as shown in Table A.2-2. As
a consequence, there was no data for Al accuracy for OBE1 and OBE2. Figure A.2-2
and Figure A.2-3 illustrates how the AI card associated with 1,BL,506 stop working
during OBE1. It should be noted, however, that these alarm conditions were also
detected for this card prior to the Wyle seismic retest program. Alarm file on 8/27/04
showed multiple occurrences .for these alarm conditions. This loss of AI16F data for
OBEl and OBE2 is not considered significant since data is available for OBS3, OBE4,
OBE5 and SSE. Al accuracy for the OBEl rerun is shown in Figure A.2-3.

Page 15 of 64 Non-Proprietary



Seismic Testing Summary Report TS901-000-35
Rev B

Al Accuracy - OBEI first run

10080i
.40
20 .....60

9/22/04
14:44:10

9/22/04 9/22/04 9/22/04 9/22/04 9/22/04 9/22/04
14:45:36 14:47:02 14:48:29 14:49:55 14:51:22 14:52:48

o 1,BL,506 ---P-2,BL,215 2,BL,283

Figure A.2-2. Al Accuracy - OBEl First Run.

Table A.2-2. Alarms at OBE1 First Run.

DATE ,.TIME I N..AME DESCRIPiTIONJ, .ALUE. . EVENT,
22-Sep 14:50:35 1,FL,69 LINK 0 STATION 52 FAIL 1 ALARM
22-Sep 14:50:35 1,FL,1044 ANALOG OUT OF RANGE ALM 1 ALARM

Al Accuracy - OBE1 rerun

100
80

.60

20,• :

9/22/04 9/22/04
16:08:24 16:09:07

9/22/04 9/22/04 9/22/04 9/22/04 9/22/04 9/22/04
16:09:50 16:10:34 16:11:17 16:12:00 16:12:43 16:13:26

S-*-- 2,BL,283 ]

Figure A.2-3. Al Accuracy - OBE1 Rerun.

A.2.3 OBE2

No data was available for AI16F as explained in the section above. Figure A.2-4 shows
that the Al card associated with 1,BL,506 was not working during OBE2. Table A.2-3
shows that an ICL station alarm existed for this card.
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Table A.2-3. Alarms around OBE2.

D-ATE 8:05:5 NAME _ DESCRIPTION VALUE EVENTA
23-Sep 8:05:53 1,FL,69 LINK 0 STATION 52 FAIL 1 ALARM

23Sp 8:58:48 1 1,FL,69 ILINK 0 STATION 52 FAIq 1 ALR

Al Accuracy --OBE2

.100

80

60

40

9/23/04 9/23/04 9/23/04 9/23/04 9/23/04 9/23/04 9/23/04 9/23/04 9/23/04
8:12:29 8:13:55 8:15:22 8:16:48 8:18:14 8:19:41 8:21:07 8:22:34 8:24:00

---- 2,BL,215 -4;--2,BL,2831

Figure A.2-4. Al Accuracy - OBE2.

A.2.4 OBE3

The Al accuracy was within tolerance limits as shown in Table A.2-4. Figure A.2-5
shows the operation of Al accuracy test before, during and after OBE3. When the test
was run, the operation was disturbed for about 1 minute and the source signal for the test
was not running. After that, the test resumed operation, the test results are within
tolerance limits.

Table A.2-4. Al Accuracy - OBE3.

<Expected ~Measured~ Accuracy

,9.424

29.397

49.359

69.331

89.294
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Al Accuracy - OBE3

100 '•,,,,• •

80"

40
20 " ...... 0*::• :'

0.
9/23/04 9/23/04 9/23/04 9/23/04 9/23/04 9/23/04 9/23/04 9/23/04
9:10:05 .9:11:31 9:12:58 9:14:24 9:15:50 9:17:17 9:18:43 9:20:10

-*-- 1,BL,506 -•-- 2,BL,215 2,BL,283

Figure A.2-5. Al Accuracy - OBE3.

A.2.5 OBE4

Al accuracy was within tolerance limits as shown in Table A.2-5 and Figure A.2-6.

Table A.2-5. Al Accuracy - OBE4.

~Expected Measured< Accuracy.
(%) NO]'

9.424

29.397

49.359

69.331

89.294

Al Accuracy - OBE4

100

60 -'

9/23/04 9/23/04 9/23/04 9/23/04 9/23/04 9/23/04 9/23/04 9/23/04
9:34:34 9:36:00 9:37:26 9:38:53 9:40:19 9:41:46 9:43:12 9:44:38

I-'-"1,BL,506 52,BL,215 2,BL,283

Figure A.2-6. Al Accuracy - OBE4.
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A.2.6 OBE5

Al accuracy was within tolerance limits as shown in Table A.2-6 and the system was
operating normally as shown in Figure A.2-7.

Table A.2-6. Al Accuracy - OBE5.

9.424

29.397
49.359
69.331
89.294

Al Accuracy - OBE5

100

80

60 :

40

20

0

9/23/04
9:50:24

9/23/04 9/23/04 9/23/04 9/23/04 9/23/04 9/23/04
9:51:50 9:53:17 9:54:43 9:56:10 9:57:36 9:59:02

1,BL,506 ~--v2,BL,215 2B,8.2,BL,283

Figure A.2-7. Al Accuracy - OBE5.

A.2.7 SSE

The Al accuracy was within tolerance limits as shown in Table
operating normally as shown in Figure A.2-8.

Table A.2-7. AI Accuracy - SSE.

A.2-7 and the system was

9.424

29.397
49.359
69.331
89.294
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Al Accuracy - SSE

10 0 - ........ .....

80 .60
40
20 :-

9/23/04 9/23/04 9/23/04 9/23/04 9/23/04 9/23/04 9/23/04 9/23/04

10:23:31 10:24:58 10:26:24 10:27:50 10:29:17 10:30:43 10:32:10 10:33:36

--- 1,BL,506 --- 2,BL,215 2,BL,283

Figure A.2-8. Al Accuracy - SSE.

A.2.8 Post Test

The Al accuracy was within tolerance limits as shown in Table A.2-8 and the system was
operating normally as shown in Figure A.2-9.

Table A.2-8. Al Accuracy - Post Seismic.

Expecte jMeasured Accuracy

9.424

29.397

49.359
69.331
89.294
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Al Accuracy - Post Seismic

100

40 -

20

0
9/23/04 9/23/04 9/23/04 9/23/04 9/23/04 9/23/04 9/23/04 9/23/04 9/23/04,
14:37:41 14:38:24 14:39:07 14:39:50 14:40:34 14:41:17 14:42:00 14:42:43 14:43:26

'- 1,BL,506 2,BL,215 2,BL,2831

Figure A.2-9. Al Accuracy - Post Seismic.

A.3 AO ACCURACY

The tolerance limits for pre test and post test are ±0.1% and for seismic tests are ±0.32%.

A.3.1 Pre Test

AO accuracy was within tolerance limits as shown in Table A.3-1 and the system was
operating normally asshown in Figure A.3-1.

Table A.3-1. AO Accuracy - Pre Test.

Expect• d Measured Accuracy

9.985625
29.966875

49.971875
69.98125
89.95625
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AO Accuracy

100

60o

40 "

200-
80

9/22/04
9:56:10

9/22/04 9/22/04 9/22/04 9/22/04 9/22/04
9:59:02 10:01:55 10:04:48 10:07:41 10:10:34

I -- O-1,BL,554 --M-2,BL,211 ý

Figure A.3-1. AO Accuracy - Pre Test.

A.3.2 OBE1l

AO accuracy was within tolerance limits as shown in Table A.3-2
operating normally as shown in Figure A.3-2.

and the system was

Table A.3-2. AO Accuracy - OBE1.

29.96688

49.97188

69.98125

89.95625

AO Accuracy - OBE1 rerun

100

80

60

20

0

9/22/04 9/22/04 9/22/04 9/22/04 9/22/04 9/22/0
16:07:41 16:09:07 16:10:34 16:12:00 16:13:26 16:14:,'

1---iBL,554 -g-2,BL,211 I

4 9/22/04 9/22/04
53 16:16:19 16:17:46
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Figure A.3-2. AO Accuracy - OBE1.

A.3.3 OBE2

AO accuracy was within tolerance limits as"shown in Table A.3-3 and the system was
operating normally as shown in Figure A.3-3.

Table A.3-3. AO Accuracy - OBE2.

9.985625
-4.

29.96688

49.97188

69.98125

i i

-4 .4

4. .

89.95625

AO Accuracy - OBE2

100
80

60

40

20
0

9/23/04 9/23/04
8:12:29 8:13:55

9/23/04 9/23/04 9/23/04 9/23/04 9/23/04 9/23/04 9/23/04
.8:15:22 8:16:48 8:18:14 8:19:41 8:21:07 8:22:34 8:24:00

o.-1,BL,554 - -- 2,BL,211

Figure A.3-3. AO Accuracy - OBE2.

A.3.4 OBE3

AO accuracy was within tolerance limits as shown in Table A.3-4 and the system was
operating normally as shown in Figure A.3-4.

Table A.3-4. AO Accuracy - OBE3.

9.985625

29.96688

49.97188

69.98125
4. +

89.95625

Page 23 of 64 Non-Proprietary



Seismic Testing Summary Report TS901-000-35
Rev ,B

AO Accurracy at OBE3

610
50
4 0 ... .......

20 7
40 =I

10
0.

9/23/04 9/23/04 9/23/04 9/23/04
9:10:05 9:12:58 9:15:50 9:18:43

- 1 ,BL,554

-,i- 2,BL,211

9/23/04
9:21:36

Figure A.3-4. AO Accuracy - OBE3.

A.3.5 OBE4

AO accuracy was within tolerance limits as shown in Table A.3-5 and the system was
operating normally as shown in Figure A.3-5.

Table A.3-5. AO Accuracy - OBE4.

E~xpected' ~Mdasued~ Accuracy

9.985625
29.96688

49.97188

69.98125
89.95625

AO Accuracy - OBE4

100

80 ,

60.-

20

9/23/04 9/23/04
9:34:34 9:36:00

9/23/04 9/23/04 9/23/04 9/23/04 9/23/04 9/23/04
9:37:26 9:38:53 9:40:19 9:41:46 9:43:12 9:44:38

-4*--1,BL,554 -02,BL,211I

Figure A.3-5. AO Accuracy - OBE4.
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A.3.6 OBE5

AO accuracy was within tolerance limits as shown in Table A.3-6. and the system was
operating.normally as shown in Figure A.3-6.

Table A.3-6. AO Accuracy - OBE5.

9.985625

29.96688

49.97188

69.98125

89.95625

AO Accuracy - OBE5

100
80

60 -

40

20

0
9/23/04
9:50:24

9/23/04 9/23/04 9/23/04 9/23/04 9/23/04 9/23/04
9:51:50 9:53:17 9:54:43 9:56:10 9:57:36 9:59:02

I.e-1,BL,554 ---a 2,BL,211

Figure A.3-6. AO Accuracy - OBE5.

A.3.7 SSE

AO accuracy was within tolerance limits as shown in Table A.3-7
operating normally as shown in Figure A.3-7.

Table A.3-7. AO Accuracy - SSE.

Expected NMeasured Accuracy_
(0/ N 4

9.985625

29.96688

49.97188

69.98125

89.95625

and the system was
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AO Accuracy - SSE

100

80 _AJ

20

0 . ..

9/23/04 9/23/04 9/23/04 9/23/04 9/23/04 9/23/04 9/23/04 9/23/04
10:27:07 10:27:50 10:28:34 10:29:17 10:30:0010:30:43 10:31:26 10:32:10

-1--iBL,554 ---- 2,BL,211 I

Figure A.3-7. AO Accuracy - SSE.

A.3.8 Post Seismic

AO accuracy was within tolerance limits as shown in Table A.3-8 and the system was
operating normally as shown in Figure A.3-8.

Table A.3-8. AO Accuracy - Post Seismic.

4Expected Mea re Accurac

9.985625

29.96688
49.97188

69.98125
89.95625
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AO Accuracy - PostSeismic

80
60-

40
20 X .

0
9/23/04 9/23/04 9/23/04 9/23/04 9/23/04 9/23/04 9/23/04 9/23/04 9/23/04
14:37:4 14:38:2 14:39:0 14:39:5 14:40:3 14:411: 14:42:0 14:42:4 14:43:2

1 4. 7 0 4 7 0 3 6

--*-1,BL,554 -m•2,BL,211

Figure A.3-8. AO Accuracy - Post Seismic.

A.4 RTD

The acceptance criteria for RTD qualification test are ±3.6 'F (±2 'C).

A.4.1 Pre Tests

The RTD accuracy was within tolerance limits for 1,BL,528 as shown in Table A.4-1 but
slightly off for the other two RTD blocks. Because contact resistance can change each
time a terminal is reconnected, the pre seismic baseline test results were used to evaluate
RTD performance. These minor deviations are considered insignificant for evaluation of
seismic performance.

Table A.4-1. RTD - Pre Tests.

1,BL,105 72.93
I1,BL,528 I 79.95 I-

1,BL,546 79.25
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RTD - Pre-Seismic

80
70
60
50
40
30
20
10
0 .

9/22/04
9:56:10

9/22/04 9/22/04 9/22/04 9/22/04 9/22/04
9:59:02 10:01:55 10:04:48 10:07:41 10:10:34

.--- 1,BL,10 -r-•1,BL,528 1,BL,546 j

Figure A.4-1. RTD - Pre Seismic.

A.4.2 OBE1

The RTD accuracy was within tolerance limits for 1,BL,528 but slightly off for the other
.two RTD blocks as shown in Table A.4-2. The results are in line with.the pre seismic
test.

Table A.4-2. RTD - OBE1.

1,BL,528 79.95
1,BL,546 79.25

A.4.3 OBE2

The RTD accuracy was within tolerance limits for 1,BL,528 but slightly off for the other
two RTD blocks as shown in Table A.4-3. The results are in line with the pre seismic test.

Table A.4-3. RTD - OBE2.

1,BL,10 72.93
1,BL,528 79.95

I 1,BL,546 1 79.25 1111

A.4.4 OBE3

The RTD accuracy was within tolerance limits for 1,BL,528 but slightly off for the other
two RTD blocks as shown in Table A.4-4. The results are-in line with the pre seismic test.
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Table A.4-4. RTD - OBE3.

1,BL,IU 12.93
1,BL,528 79.95
1,BL,546 79.25

A.4.5 OBE4

The RTD accuracy was within tolerance limits for 1,BL,528 but slightly off for the other
two blocks as shown in Table A.4-5. The results are in line with the pre seismic test.

Table A.4-5. RTD - OBE4.

"I,I$L, IU I " Z. 9,I

1,BL,528 79.95
1,BL,546 79.25

A.4.6 OBE5

The RTD accuracy was within tolerance limits for 1,BL,528 but slightly off for the other
two blocks as shown in Table A.4-6. The results are in line with the pre seismic test.

Table A.4-6. RTD - OBE5.

I,DL, IU /-. O

1,BL,528 79.95
1,BL,546 79.25 I

A.4.7 SSE

The RTD accuracy was within tolerance limits for 1,BL,528 but slightly off for the other
two blocks as shown in Table A.4-7. The results are in line with the pre seismic test.

TableA.4-7. RTD - SSE.
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A.4.8 Post Test

The RTD accuracy was within tolerance limits for 1,BL,528 but slightly off for the other
two RTD blocks as shown in Table A.4-8. The results are in line with the pre seismic
baseline test.

Table A.4-8. RTD - Post Test.

K A Expected~ Average STDEV Accuracy

1,BL,1O 72.93.
1,BL,528 79.95
1,BL,546 79.25

A.5 PULSE INPUT CHANNELS

The acceptance criteria for both Rate mode and Accumulate mode is 0.1% over the full
scale.

A.5.1 Rate Mode Channel

The Pre Test results are used as a baseline to evaluate the test results during seismic tests.
The pulse input channel associate with 1,BL,535 was set to Rate mode and the one
associated with 1,BL,539 was set to Accumulate mode. Both blocks show apercentage
value. The maximum input is 20 KHz. The prescaler value for the Accumulate mode is
1000. The input frequency is 997.6 Hz. The expected value for 1,BL,535 is calculated as
997.6/20,000* 100% = 4.988.

F !Average' STDEV~ Expected ~Accuracy]

I1 ,BL,535 I_______A22 __ I-

During the different seismic test periods and post test, the Rate mode channel was within
tolerance limits as shown below.

Average ,3STEV E xpected Accuracy

[1,BL,535 [J

A.5.2 Accumulate Mode Channel

1,BL,539 Block value change per minute is calculated as follows:

99736*1/1000/16777215 = 5.945E-06.

It changes very slowly. In order to evaluate the performance of the accumulate mode
channel during various seismic test, HFC scanned the block values to find a time period
that covers the test period and experienced a reading change. For example, during the pre
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test, the block value changed to 0.09 at 9:37 and changed to 0.10 at 10:15. The expected
reading was calculated as follows:

Expected End Reading = Start Reading + 99736 * Seconds /1000/16777215

The actual reading was then compared with expected readings to obtain accuracy of the
input.

Table A.5-1 provides a detailed analysis of performance of the accumulate mode pulse
input channel during each seismic test and the results were satisfactory.

Table A.5-1. Accumulate Mode Pulse Input.

Pre Test 9/22/04 9:59AM

OBE1 9/22/04 

4:11 
PM

OBE2 9/23/04 

8:16 

AM

OBE3 9/23/04 

9:13 

AM

OBE4 

.9/23/04 

9:38AM

OBE5 9/23/04 

9:54 

AM

SSE 9/23/04 

t0:27 

AM

Post 
9/23/04 

12:17 

PM

Pre Test 9/22/04 9:59 AM

OBEl 9/22/04 4:11 PM

OBE2 9/23/04 8:16 AM

OBE3 9/23/04 9:13 AM

OBE4 .9/23/04 9:38 AM

OBE5 9/23/04 9:54 AM

SSE 9/23/04 10:27 AM

Post 9/23/04 12:17 PM

The accumulate mode block value remained the same during each seismic test period.
The performance evaluated over extended periods of time as listed, in Table A.5-1
demonstrated that the pulse card accuracy was not affected after each seismic run.

A.6 ICL COMMUNICATION OPERABILITY TEST

ICL communication tests were performed during pre-tests and post tests. No alarms or
failures have been identified by testing personnel. HFC conclude that the communication
operability was successful..

A.7 TIMER TEST

The timer function is controlled by the main processor OS and so is not directly
susceptible to disruption by seismic stress. The timers controlled two DO images, that
data was transferred via the ICL to a DO8J module, and the resulting signals were routed
to the SOE interface via a cable assembly. The following failure conditions that might be
expected during seismic excitation:

0

0

0

Loss of power to some portion or all of the test specimen
Relay contact jitter resulting in false transitions of the timer waveform
Broken I/O cable wire resulting in loss of signal.
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Tables A.7-1 and A.7.2 summarize the SOE data for the timer test accumulated during
the seismic tests. The parameters listed in the tables are defined as follows:

Preset Value Set timer interval in application program in seconds

Duration Measured on/off-time in seconds.

Duration Deviation The averaged deviation of the observed timer interval expressed as
a percentage value.

Duration Jitter The averaged difference between successive timer intervals
expressed as a percentage value.

Period Total measured period of signal waveform in seconds

Period Deviation The averaged deviation of the measured waveform period
expressed as a percentage.

Period Jitter The averaged difference of successive periods from the preset
value expressed as apercentage.

Table 07-1. Automatic Timer TestResult for 4,DI,12

lrese •Duration Duratio Period uPeriodJitt
4,DI,12 Value Duration (s) Deviation Duttration(s evaio

ON 5
Baseline

OFF 1

ON 5
Pre Test

OFF 1
ON 5

OBE2
OFF 1

ON 5
OBE4

OFF 1

ON 5
OBE5

OFF 1

ON 5
SSE OFF 1

Post Test
ON 5

OFF 1
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Table 0. 7-2. Automatic Timer Test Result for 2,DI,11

ON 1
Baseline OFF 1

ON 1
Pre Test -_____

OFF 1

ON 1
OBE2 -____

OFF[ 1

ON 1
OBE4 ____

OFF 1

ON 1
OBE5 -____

OF 1

ON 1
SSE

OFF 1

ON 1
Post Test + + 4 F 4 F

OFF 1

Conclusions

" No disruption in timer waveform was observed during any of the seismic tests.
" All timer periods remained within the theoretical tolerance limit established in the

baseline report.

A.8 POWER LOSS OPERABILITY TEST

The purpose of this test was to demonstrate that all I/O channels transition to default
power-off states when power was removed and then hold these states following
,restoration of power until after system initialization is complete, at which time normal
operation resumes. This test was executed prior to the seismic test runs and then after
completion of the SSE.

A.8.1 Pre Seismic Test

Figure A.8-1 and Figure A.8-2 illustrate the response of the analog output signals during
the loss of power test for the pre seismic test. 1,BL,40 (1,AO,981) is a static signal from
the TA05 level controller, 1,BL,504 (1,AO,841) is a static signal from the TA05 flow
controller, and 2,BL,203 (1,AO,983) is a uncontrolled spare RTD point. For both
dynamic and static analog outputs, the signals had a "fail high" spike and quickly
returned and remained at their .power-off state (0%) until the operation was resumed.
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Loss of Power - Accuracy Data (Pre Seismic Test in
Wyle Seismic Retest)

.8

E

60 ;

40

20 ,

9/22/04 10:53:46 9/22/04 10:56:38 9/22/04 10:59:31 9/22/04 11:02:24 9/22/04.11:05:17

2.BL,2~15

Timeline

Figure 08-1. Dynamic Analog Data During Loss of Power Test from Pre Seismic
Test in Wyle Seismic Retest.

Loss. of Power - TSAP Static AO Data (Pre Seismic Test in Wyle
Seismic Retest)

100

80

40 •: S;;

20

9/22/04 10:48:00 9/22/04 10:53:46 9/22/04 10:59:31 9/22/04 11:05:17 9/22/04 11:11:02

2,BI BLO3

Timeline

Figure 0.8-2. Static Analog Data During Loss of Power Test from Pre Seismic Test
in Wyle Seismic Retest.

Figure A.8-3 illustrates the effect of power loss on the digital points as logged by the
SOE. During power loss period, digital points from TSAP (4,DI,2, 4,DI,3, 4,DI,9,
4,DI,10, 4,DI,11, and 4,DI,12) transitioned to their default logic state of 0 (false) as
expected, and no further transition was logged until power was restored. The reason why
4,DI,8 (HPAT output for digital response time test) was not logged is because the
excitation power for this signal came from the TSAP. As a result, when power was cut
off from the TSAP, the power for this signal was also cut off. Because the logic state for
4,DI,8 was controlled by the HPAT, the signal was restored as soon as the 48 vdc
excitation power became available from the Test Specimen. After the power was
restored, all log digital data resumed with the next point transition to 1 (true) because
SOE logger logs the transition only when state change occurs. As shown in the Figure A-
27, 4,DI,8 resumed activity several cycles earlier than the rest of SOE logged digital
points.
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Loss of Power - TSAP SOE DO Data (Pre Seismic Test in Wyle Seismic
Retest)

1.2 . . .,

0.8

' 0 .6 DI''

o.4 i 4,0,120.2
0~ >4,DI.10

10:52:01.9 10:54:54.7 10:57:47.5 11:00:40.3

Timeline

Figure 08-3. Digital Data from SOE Logger During Loss of Power Test of Pre
Seismic Test in Wyle Seismic Retest.

Figure A.8-4 illustrates the effect of power loss on the digital points as logged by HAS
logger during the pre seismic test. 2,DI,161 (1,DO,401) is the trip output signal from
analog response time test and 2,DI,155 (1,DO,647) is the uncontrolled TSAP logic. The
last HAS logged state for these two points happened to be at the "OFF" state before the
power was cut and the test C-Link communication was unavailable. The points remained
at that state until the power was recovered and operation was restarted.

Loss of Power - TSAP HAS DO Data (Pre Seismic Test in Wyle Seismic
Retest)

a)

12

0.8

0*6
0.4
0.2

0
9/22/04 10:55:12 9/22/04 10:56:38 9/22/04 10:58:05 9/22/04 10:59:31 9/22/04 11:00:58 9/22/04 11:02:24

2,Dý161 

ý:2, D 155

Timeline

Figure 08-4. Digital Data from HAS Logger During Loss of Power Test of Pre
Seismic Test in Wyle Seismic Retest.

A.8.2 Post Seismic Test

Figure A.8-5 and Figure A.8-6 illustrate the response of the analog output signals during
the loss of power test for the post seismic test. For both dynamic and static analog
outputs, the signals remained at their power-off state (0%) until the power was returned.
The explanation for the spike seen for AO accuracy test output 2,BL,211 before the
restart of the operation was not determined, however due to the short duration and
random nature it is considered to be not significant to a seismic event.
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Loss of Power - Accuracy Data (Post Seismic Test in Wyle Seismic
Retest)

100

80

E

60

20

9/23/04 14:52:13 9/23/04 14:53:40 9123/04 14:55:06 9/23/04 14:56:33 9/23/04 14:57:59

2ZBL,215~
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Figure 08-5. Dynamic Analog Data During Loss of Power Test from Post Seismic
Test in Wyle Seismic Retest.

Loss of Power - TSAP Static AO Data (Post Seismic Test in Wyle
Seismic Retest)

E

120

* 100

80

60

40

20

0
9/23/04 14:47:02

1--* 1BLA40
1 BL,504

2,BL,203

9/23/04 14:52:48 9/23/04 14:58:34

Timeline

Figure 08-6. Static Analog Data During Loss of Power Test from Post Seismic Test
in Wyle Seismic Retest.

Figure A.8-7 illustrates the effect of power loss on the digital points as logged by the
SOE. During power loss period, digital points from TSAP (4,DI,2, 4,DI,3, 4.DI,9,
4,DI,10, 4,DI, 11, and 4,DI,12) transitioned to their default logic state of 0 (false) as
expected, and no further transition was logged until power was restored. The reason why
4,DI,8 was not logged is because the excitation power for this signal came from the
TSAP. As a result, when power was cut off from the TSAP, the power for this signal was
also cut off.. Because the logic state for 4,DI,8 was controlled by the HPAT, the signal
was restored as soon as the 48 vdc excitation power became available from the Test
Specimen. After the power was restored, all log digital data resumed with the next point
transition to 1 (true) because SOE logger logs the transition only when state change
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occurs. As shown in the figure, 4,DI,8 resumed activity several cycles earlier than the
rest of SoE logged digital points.

Loss of Power - TSAP SOE DO Data (Post Seismic Test in Wyle Seismic Retest)

1.2 - 4,DI,.

0.8 : ,
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14:49:55 14:50:38 14:51:22 14:52:05 14:52:48 14:53:31 14:54:14

Timeline

Figure 08-7. Digital Data from SOE Logger During Loss of Power Test of Post
Seismic Test in Wyle Seismic Retest.

Figure A.8-8 illustrates the effect of power loss on the digital points as logged by HAS
logger during the post seismic test. The figure shows that the last state for these two
signals were at "1" before the loss of power. This is normal because the test C-Link was
lost after power was cut, and due to DDB delays the HAS logger could not have logged
that these two points returned to their deenergized state of "0". The HAS data did show
that on return of the power the initial state of these two points were at "0" as expected.

Loss of Power - TSAP HAS DO Data (Post Seismic Test 9n Wyle
Seismic Retest)
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Figure 08-8. Digital Data from HAS Logger During Loss of Power Test of Post
Seismic Test in Wyle Seismic Retest.
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A.9 POWER INTERRUPTION OPERABILITY TEST

The Power Interruption Test was conducted during pre seismic and post seismic testing.
This test verified that when a 40 ms power interruption to the Test Specimen was
triggered the system responded as follows:

" None of the processors reset
o No static DO channels change state
* None of the static AO channels change their output signal by more than 5%
* Logged parameters of all automated tests remain within tolerance

The power source to the Test Specimen was connected to a timer relay, which was
configured to a switch that interrupted power flow to the Test Specimen for a fixed
interval of 40 ms, A power interruption was triggered twice. First, the 40 ms power
interruption was introduced with all power supply modules in the test specimen. Second,
the power interruption was introduced with half of the power supply modules not
operable.

To verify the system responded as designed, a series of HAS and SOE automated
background tests logged data before, during, and after both power interruptions were
introduced. The HAS data recorded included accuracy, response time, Burst of Events
(BOE), and the timer.

The static DI and Al logged points corresponded to the static DO and AO points;
therefore, the recorded transitions of all static input points were representative of all static
output points. The SOE results represented the transition states of all digital static points.
TC, RTD, TA05, T006 thru TO09, and TO05 was the static digital and analog data
recorded from HAS.

The static points logged in the HAS ramped up to an initial value. Once the static points
reach the initial value, there should have been no transition of more than 5% throughout
testing. The SOE logged the dynamic and static digital transitions. In addition, none of
the static digital states should change states throughout testing.

A.9.1 Pre Seismic Test

Figures A.9-1, A.9-2, and A.9-3 illustrate the response of the analog signals during the
power interruption test of pre seismic test. 1,BL,1 (2,AO,41) is a static signal from the
TA05 valve controller. For both the dynamic and static analog outputs, the signals
showed that the controller either partially reset or completely reset during the power
interruption test. This is discussed further in the main body of this report including the
corrective action for the resetting.

Page 38 of 64 Non-Proprietary



Seismic Testing Summary Report TS901-000-35
Rev B

AI/AO Accuracy - Power Interruption (Pre Seismic Test in Wyle Seismic
Retest)
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Figure 09-1. Dynamic Analog Data During Power Interruption Test from Pre
Seismic Test in Wyle Seismic Retest.

RTD Accuracy - Power Interruption (Pre Seismic Test in Wyle Seismic
Retest)
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Figure 09-2. RTD Data During Power Interruption Test from Pre Seismic Test in
Wyle Seismic Retest.
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TA05 Valve Controller - Power Interruption (Pre Seismic Test in Wyle
Seismic Retest)
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Figure 09-3. Static Analog Data During Power Interruption Test from-Pre Seismic
Test in Wyle Seismic Retest.

Figure A.9-4 illustrates the effect of power interruption on the digital points as logged by
the SOE. The 4,DI,8 was not affected by the power interruption to TSAP. The
timeframe in SOE data corresponds to the first disruption shown in Figures A.9-1 through
A.9-31 The short disruption demonstrates that the power interruption introduced at that
particular moment did not bring down the entire system.

Power Interruption for TSAP - SOE DO Data (Pre Seismic Test in Wyle Seismic
Retest)
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Figure 09-4. Digital Data from SOE Logger During Power Interruption
Seismic Test in Wyle Seismic Retest.

Test of Pre

A.9.2 Post Seismic Test

Figures A.9-5 and Figure A.9-6 illustrate the response of the analog signals during the
power interruption test of post seismic test. Similar to pre seismic test, signals from both
dynamic and static analog outputs show the controller either partially reset or completely
reset during the power interruption test. The seismic stress tests did not alter the system
response.
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AI/AO Accuracy - Power Interruption (Post Seismic Test in Wyle Seismic
100 -Retest)-
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Figure 09-5. Dynamic Analog Data During Power Interruption Test from Post
Seismic Test in Wyle Seismic Retest.

TA05 Valve Controller - Power Interruption (Post Seismic Test in Wyle
Seismic Retest)
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Figure 09-6. Static Analog Data During Power Interruption Test from Post Seismic
Test in Wyle Seismic Retest.

A.10 POWER QUALITY OPERABILITY TEST

The power quality tolerance test results during the post seismic test are listed in Table
A.10-1. The two power modules A and B from TSAP meet the ±1% acceptance criteria
at both the low voltage and high voltage tests. At the low voltage test, TSAP dropped out
at 77-76 Vac. The power supply recovered from the under voltage condition
automatically. Since the under voltage condition brought down the entire system, no
system status alarm was logged after the power trip. At high voltage test, no system trip
was observed up to the limit of the power source: 276 Vac. Lastly, by inspecting the
HAS data for power supply alarm flags, it is concluded that no power supply dropout
alarm occurred while source power was within the specified range (90-150 Vac and 57-
63 Hz).
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Table 010-1. TSAP Power Quality Tolerance Test Results from Post Seismic Test.

120 vac b5U Hz ____ ____ __ __ ____

90 vac 57 Hz

90 vac 63 Hz_ _ _ I _ _ __ __ _ _ _

90 vac 63 Hz
< 60 vac

120 vac 60 Hz

150 vac 57 Hz

150 vac 63 Hz

150 vac 63 Hz
>270 vac (276

vac) _____ ____ _

A.11 DIGITAL BOE TEST

A.11.1 Pre Seismic Test

SOE data from the baseline pre-seismic stress test was analyzed. It is concluded that all
transitions were detected for all 5 logged digital channels (4,DI,28, 4,DI,32 through
4,DI,35). By analyzing the alarm reports throughout the seismic test, it is concluded that
no link alarm conditions were detected for the DI cards.

All transitions and the associated timestamps are listed in Table A.l 1-1. The transition at
the end of the test at around 10:15:35 AM, happened to all monitored digital channels.
This event is caused by the perturbation from stopping the BOE test and thus is not be
counted as the irregular transition. This did not impact the validity of the seismic tests.

Excluding the occurrences of the transitions caused by the stopping of the BOE test, all of
the rest of the transitions had a transition time that was within acceptance range.

Table 01-1. Digital BOE Abnormal Transitions in the Pre Seismic Test.

Total No. of Transitions

Total No. of Contact Bounce
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A.11.2 OBE1 Test

SOE data from the OBEI test was analyzed. It is concluded that all transitions were
detected for all 5 logged digital channels (4,DI,28, 4,DI,32 through 4,DI,3 5). By
analyzing the alarm. reports throughout the seismic test, it is concluded that no link alarm
conditions were detected for the DI cards whose channels were logged by SOE logger.

A.11.3 OBE2 Test

SOE data from OBE2 test was not available. Two of the digital BOE points, 1,DO,385
and 1,DO,387, were logged by the Wyle chatter box. By inspection of the chatter box
recorder data, it is concluded that the response time from these two points were within
0.85-1.15 seconds.

A.11.4 OBE3 Test

SOE data from the OBE3 test was analyzed. It is concluded that all transitions were
detected for all 5 logged digital channels (4,DI,28, 4,DI.32 through 4,DI,35). By
analyzing the alarm reports throughout the seismic test, it is concluded that no link alarm
conditions were detected for the DI cards whose channels were logged by SOE logger.

A.11.5 OBE4 Test

SOE data from the pre-seismic stress test was analyzed. It is concluded that all
transitions were detected for all 5 logged digital channels (4,DI,28, 4,DI,32 through
4,DI,35). By analyzing the alarm reports throughout the seismic test, it is concluded that
no link alarm conditions were detected for the DI cards whose channels were logged by
SOE logger.

All transitions and the associated timestamps are listed in Table A.11-2. The transitions
occurred at the end of the test, i.e., at around 9:38:18 AM. This anomaly is caused by the
perturbation from stopping the BOE test and thus should not be counted as the irregular
transition.

Excluding the occurrences of the transitions caused by the stopping of BOE test, all the
rest of transitions had a transition time that was within acceptance range.
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Table 01-2. Digital BOE Abnormal Transitions in the OBE4 Test.

Total No. of Transitions

Total No. of Contact Bouncel

A.11.6 OBE5 Test

SOE data from the. pre-seismic stress test was analyzed. It is concluded that all
transitions were detected for all 5 logged digital channels (4,DI,28, 4,DI,32 through
4,DI,35). By analyzing the alarm reports throughout the seismic test, it is concluded that
no link alarm conditions were detected for the DI cards whose channels were logged by
SOE logger.

All transitions and the associated timestamps are listed in Table A. 11-3. The transition at
the end of the test, i.e., at around 9:54:13 AM, happened to all monitored digital
channels. This is caused by the perturbation from stopping the BOE test and thus should
not be counted as the irregular transition.

Excluding the occurrences of transitions caused by the stopping of BOE test, all the rest
of transitions had a transition time that was within acceptance range.

Table 0-3. Digital BOE Transitions in the OBE4 Test.

9 54 13.41

Total No. of Transitions

Total No. of Contact Bounce

Total No. of Anomalies

A.11.7 SSE Test

SOE data from the SSE test was analyzed. It is concluded that all transitions were
detected for all 5 logged digital channels (4,DI,28, 4,DI,32 through 4,DI,35). By
analyzing the alarm reports throughout the seismic test, it is concluded that no link alarm
conditions were detected for the DI cards whose channels were logged by SOE logger.
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A.11.8 Post Seismic Test

SOE data from .the post seismic test was analyzed. It is concluded that all transitions
were detected for all 5 logged digital channels (4,DI,28, 4,DI,32 through 4,DI,35). By
analyzing the alarm reports throughout the seismic test, it is concluded that no link alarm
conditions were detected for the DI cards whose channels were logged by SOE logger.

A.12 Analog BOE Test

A.12.1 Pre Seismic Test

The waveforms of TSAP analog inputs at remote 1 and that of the BOE source signal
during the pre seismic test of seismic retest are depicted in Figure A.12-1. The TSAP Al
signals correlate well with the BOE source signal at each transition and they essentially
overlap with one another. Table A. 12-1 lists the average readings and the deviation of 15
measurements for these HAS logged Al signals at 10% and 90% levels. The calculation
of deviation is based on 9.694% for 10% and 89.306% for 90%. Both 1,BL,510 and
1,BL,516 deviate less than 0.32% from the BOE source signal at both. 10% and 90%
levels. The magnitude of deviations is comparable to the in-house baseline test results.

BOE Source vs. TSAP Als - Pre Seismic Test (Wyle Seismic Retest)
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Figure 02-1. BOE Control Signal versus TSAP Analog Input Signals in Remote 1
from Pre Seismic Test for Seismic Retest.

Table 02-4. TSAP Al Channel Readings and Deviations from BOE Source Signal
from Pre Seismic Test for Seismic Retest.
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Figure A. 12-2 shows the waveforms for TSAP AO (2,BL,213) versus its corresponding
TSAP Al (1,BL,510) during the pre seismic test for seismic retest. The AO image
duplicates the Al image at each transition. The averaged readings and deviations for
these two analog signals at 10% and 90% levels are listed in Table A.12w2. At 10% level,
2,BL,213 deviates from 1,BL,510 by 0.283% and thus meets the 0.3% acceptance
criteria. The average deviation at 90% level is 0.383%, which is slightly out of the 0.30%
acceptance criteria but is comparable to the in-house baseline result of 0.327%. The
higher deviation at 10% level is probably caused by HAS logging issues: 1) Due to a set-
up issue for HPAT tester, 2,BL,213 was logged every two seconds (Figure A.12-3),
compared to the 1 second logging of 1,BL,5 10; 2) At different tests, the points logged at
each transition cycle differed slightly as listed in Table A. 12-3.

TSAP Al vs. TSAP AO - Pre Seismic Test (Wyle Seismic Retest)
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Figure 0-2 TSAP Al signal (1,AI,882, 1,BL,510) versus Corresponding TSAP AO
Signal (1,AO,922, 2,BL,213) from Pre Seismic Test for Seismic Retest.

Table 02-5. TSAP AO and the Corresponding TSAP AIs in Remotel from Pre
Seismic Test for Seismic Retest.

+ I. _________ + +

+ I. __ __ __ +
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Figure 02-3. HAS Logging of 2,BL,213 During Different Tests of Seismic Retest.

Table A.12-3 Logging Variations of 2,BL,213 During Different Tests of Seismic
Retest.

Minimum Reading
(%)

Maximum Reading ± t

Figure 02-4. HAS Logging of 2,BL,291 During Different Tests of Seismic Retest.
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Figure A.12-3 shows the response time of 2,BL,213 is greater than 8 seconds, the last
point logged for each cycle at both 10% or 90% level may not be the steady-state values,
which is the largest source of the deviations. The logging variations at different tests as
demonstrated in Table A.12-3 is likely a consequences of HAS logging issues as
discussed above. As shown in Figure A.12-4, since the response time of 2,BL,291 is -6
seconds,. the steady-state values were thus logged by HAS. As a result, much better
results were obtained for SLC AI/AO test as it is shown in Table A.12-2. Although the
SLC is not part of the qualification it was a valid driver of inputs to test the AI/AO cards.

Figure A.12-5 shows the BOE source signal (2,BL,286) versus TSAP Al signal (3,BL,1)
as well as the TSAP AO signal (2,BL,291) at single loop controller (remote 3) during the
pre seismic test for seismic retest. The 3,BL,1 waveform duplicates the BOE source at
each transition and the waveforms for 2,BL,291 and 3,BL,1 track each other at each
transition. The averaged readings and deviations of 15 measurements for 3,BL,l and
2,BL,291 at the 10% and 90% levels are provided in Table A.12-2. The results indicate
that 2,BL,291 deviates less than 0.3% from 3,BL,1 at both levels, and the magnitude of
deviations is comparable to in-house test results: 0.069% vs. 0.058% at 10%, 0.157% vs.
0.131% at 90%.

Remote3: TSAP Al vs. TSAP AO - Pre Seismic Test (Wyle Seismic
Retest)
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Figure 0-5. Single Loop Controller Analog BOE Source Signal versus TSAP AI and
TSAP AI versus TSAP AO from Pre Seismic Test for Seismic Retest

A.12.2 OBE1 Test

The waveforms of TSAP analog inputs at remote 1 and that of the BOE source signal
during the OBE1 test of seismic retest are depicted in Figure A.12-6. This Figure shows
that the TSAP Al signals correlate well with the BOE source signal at each transition and
they essentially overlap with one another. Table A.12-4 lists the averaged readings and
deviations of 13 and 14 measurements for 1,BL,516 at 10% and 90% levels respectively.
The HAS data for 1,BL,510 was lost. The calculation of deviation was based on 9.694%
for 10% and 89.306% for 90%. The 1,BL,516 deviate less than 0.32% from the BOE
source signal at both 10% and 90% levels. The magnitude of deviations is higher than
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the in-house baseline test results at 10% level: 0.040% vs. 0.01%; magnitude at 90%
level is comparable: 0.179% vs. 0.096%.

BOE Source vs. TSAP Al - OBEI Test (Wyle Seismic Retest)
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Figure 0-6. BOE Control Signal versus TSAP Analog Input Signals in Remote 1
from OBE1 Test for Seismic Retest.

Both 1,BL,510 and 2,BL,213 were not logged during the OBEl test, therefore the TSAP
Al and TSAP AO comparison is not available for Remote 1.

Table 012-4. TSAP Al Channel Readings and Deviations from BOE Source Signal
from OBE1 Test for Seismic Retest.

Table 012-5. TSAP AOs and the Corresponding TSAP AIs in Remotel from OBE1
Test for Seismic Retest.
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Figure A.12-7 shows the BOE source signal (2,BL,286) versus TSAP Al signal (3,BL,1)
as well as the TSAP AO signal (2,BL,291) at test controller (remote 3) during OBE1 test
for seismic retest. The 3,BL,1 waveform duplicates the BOE source at each transition
and the waveforms for 2,BL,291 and 3,BL,1 track each other at each transition. The
averaged readings and deviations of 13 and 14 measurements for 3,BL, 1 and 2,BL,291 at
the 10% and 90% levels respectively are provided in Table A.12-5. The results indicate
that 2,BL,291 deviates less than 0.3% from 3,BL,1 at both, levels, and the magnitude of
deviations is comparable to in-house baseline test results: 0.067% vs. 0.058% at 10%,
0.161% vs. 0.131% at 90%.

a

Remote3: BOE Souce and TSAP Al vs. TSAP AO - OBEI Test (Wyle
Seismic Retest)
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Figure 02-7. Test Controller Analog BOE Source Signal versus TSAP Al and TSAP
Al versus TSAP AO from OBE1 Test for Seismic Retest.

A.12.3 OBE2 Test

The waveforms of TSAP analog inputs at remote 1 and that of the BOE source signal
during the OBE2 test of seismic retest are depicted in Figure A.12-8. This Figure shows
that the TSAP Al signals correlate well with the BOE source signal at each transition, and
they essentially overlap with one another. Table A.12-6 lists the averaged readings and
deviations of 14 and 15 measurements for 1,BL,516 at 10% and 90% levels respectively.
The HAS data for 1,BL,510 was lost. The calculation of deviation is based on 9.694%
for 10% and 89.306% for 90%. The 1,BL,516 deviate less than 0.32% from the BOE
source signal at both 10% and 90% levels. The magnitude of deviations is higher than
the in-house baseline test results at the 10% level: 0.054% vs. 0.01%; the magnitude at
90% level is comparable: 0.134% vs. 0.096%.
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BOE Source vs. TSAP Al - OBE2 Test (Wyle Seismic Retest)
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Figure 02-8. BOE Control Signal versus TSAP Analog Input Signals in Remote 1
from OBE2 Test for Seismic Retest.

The 1,BL,510 was not logged during the OBE2 test; 2,BL,213 was logged but the values
remained constant throughout the test. Therefore the TSAP Al and TSAP AO
comparison is not available for Remote 1.

Table 02-6. TSAP Al Channel Readings and Deviations from BOE Source Signal
from OBE2 Test for Seismic Retest.

Table 02-7. TSAP AOs and the Corresponding TSAP AIs in Remotel from OBE2
Test for Seismic Retest.

Figure A.12-9 shows the BOE source signal (2,BL,286) versus TSAP Al signal (3,BL,l)
as well as the TSAP AO signal (2,BL,291) at test controller (remote 3) during OBE2 test
for seismic retest. The 3,BL,1 waveform duplicates the BOE source at each transition
and the waveforms for 2,BL,291 and 3,BL,1 track each other at each transition. The
averaged readings and deviations of 15 measurements for 3,BL,1 and 2,BL,291 at the
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10% and 90% levels are provided in Table A.12-7. The results indicate that 2,BL,291
deviates less than 0.3% from 3,BL,1 at both levels, and the magnitude of deviations is
comparable to in-house test results: 0.067% vs. 0.058% at 10%, 0.154% vs. 0.131% at
90%.

Remote3: BOE Source and TSAP Al vs. TSAP AO - OBE2 Test (Wyle
Seismic Retest)
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Figure 02-9. Single Loop Controller Analog BOE Source Signal versus TSAP Al
and TSAP Al versus TSAP AO from OBE2 Test for Seismic Retest.

A.12.4 OBE3 Test

The waveforms of TSAP analog inputs at remote 1 and that of the BOE. source signal
during the OBE3 test of seismic retest are depicted in Figure A.12-10. The figure shows
that the TSAP Al signals correlate well with the BOE source signal at each transition, and
they essentially overlap with one another. Table A.12-8 lists the averaged readings and
deviations for 12 measurements for the HAS logged Al signals at 10% and 90% levels.
The calculation of the deviation was based on 9.694% for 10% and 89.306% for 90%.
Both the 1,BL,510 and 1,BL,516 deviate less than 0.32% from the BOE source signal at
both 10% and 90% levels. The magnitude of the deviations is higher than the in-house
baselinetest results at 10% level: 0.023% vs. 0.005% for 1,BL,510, and 0.049% vs.
0.01% for 1,BL,516; magnitude at 90% level is comparable: 0.069% vs. 0.045% for
1,BL,510, and 0.132% vs. 0.096% for 1,BL,516.

BOE Source vs. TSAP Als - OBE3 Test (Wyle Seismic Retest)
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Figure 02-10. BOE Control Signal versus TSAP Analog Input Signals in Remote 1
from OBE3 Test for Seismic Retest.
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Figure A. 12-11 shows the waveforms for TSAP AO (2,BL,213) versus its corresponding
TSAP Al (1,BL,5 10) during the OBE3 test for seismic retest. The figure shows that the
AO image duplicates the Al image at each transition. The averaged readings and
deviations for these two analog signals at 10% and 90% levels are listed in Table A. 12-9.
Deviations of 2,BL,213 from 1,BL,510 by 0.283% at both 10% and 90% levels were out
of the acceptance range. The deviations at 10% and 90% levels are 0.370% and 0.438%
respectively, compared with 0.115% and 0.327% from the in-house baseline test. The
increment at 10% is likely caused by the logging issues with HPAT as explained in-the
Pre Seismic Test.

Table 02-8. TSAP Al Channel Readings and Deviations from BOE Source Signal
- from OBE3 Test for Seismic Retest.

1,AI,882
M1BL,510)

1,AI,901
(1,BL,516)

TSAP Al vs. TSAP AO - Pre Seismic Test (Wyle Seismic Retest)
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Figure 012-11. TSAP Al signal (1,AI,882, 1,BL,510) versus Corresponding TSAP
AO Signal (1,AO,922, 2,BL,213) from OBE3 Test for Seismic Retest.

Page 53 of 64 Non-Proprietary



Seismic Testing Summary Report TS901-000-35
Rev B

Table 02-9. TSAP AOs and the Corresponding TSAP AIs in Remotel from OBE3
Test for Seismic Retest.

-i F _ F

Figure A. 12-12 shows the BOE source signal (2,BL,286) versus TSAP Al signal (3,BL,1)
as well as the TSAP AO signal (2,BL,291) at test controller (remote 3) during the OBE3
test for seismic retest. The 3,BL,1 waveform duplicates the BOE source at each
transition and the waveforms for 2,BL,291 and 3,BL,1 track each other at each transition.
The averaged readings and deviations of 12 measurements for 3,BL,1 and 2,BL,291 at
the 10% and 90% levels are provided in Table A.12-9. The results indicate that 2,BL,291
deviates less than 0.3% from 3,BL,i at both levels, and the magnitude of deviations is
comparable to in-house baseline test results: 0.062% vs. 0.058% at 10%, 0.139% vs.
0.13 1% at 90%.

Remote3: TSAP Al vs. TSAP AO - Pre Seismic Test (Wyle Seismic
Retest)
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10:12:00 10:13:26 10:14:53 10:16:19 10:1.7:46 10:19:12

Timeline

Figure 02-12. Test Controller Analog BOE Source Signal versus TSAP AI and
TSAP Al versus TSAP AO from OBE3 Test for Seismic Retest.

A.12.5 OBE4 Test

The waveforms of TSAP analog inputs at remote 1 and that of the BOE source signal
during the OBE4 test of seismic retest are depicted in Figure A.12-13. The figure shows
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that the TSAP Al signals correlate well with the BOE source signal at each transition, and
they essentially overlap with one another. Table A.12-10 lists the averaged readings and
deviations of 6 measurements for the HAS logged Al signals at 10% and 90%. levels.
The calculation of deviation was based on 9.694% for 10% and 89.306% for 90. Both
.1,BL,510 and 1,BL,516 deviate less than 0.32% from the BOE source signal at both 10%
and 90% levels. The magnitude of deviations is higher than the in-house baseline test
results at 10% level: 0.028% vs. 0.005% for 1,BL,510, and 0.046% vs. 0.01% for
1,BL,516; magnitude at 90% level is comparable: 0.078% vs. 0.045% for. 1,BL,510, and
0..133% vs. 0.096% for 1,BL,516.

BOE Source vs. TSAP Als - OBE4 Test (Wyle Seismic Retest)

100

S80
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9:39:27 9:40:02 9:40:36 9:41:11 9:41:46
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Figure 02-13. BOE Control Signal versus TSAP Analog Input Signals in Remote 1
from OBE4 Test for Seismic Retest.

Figure A. 12-14 shows the waveforms for TSAP AO (2,BL,213) versus its corresponding
TSAP Al (1,BL,510) during OBE4 for seismic retest. The figure shows that the AO
image duplicates the Al image at each transition. The averaged readings and deviations
for these two analog signals at 10% and 90% levels are listed in Table A.12-11.
Deviations of 2,BL,213 from 1,BL,510 by 0.283% at both 10% and 90% levels were out
of the acceptance range, The deviations at 10% and 90% levels are 0.430% and 0.483%
respectively, compared with 0.115% and 0.327% from the in-house test. The increment
at 10% is likely caused by the logging issues with HPAT as explained in the Pre Seismic
Test.

Table 02-10. TSAPAI Channel Readings and Deviations from BOE Source Signal
from OBE4 Test for Seismic Retest.

; 10 Measurement :(%)!

iDe-viatiownFrom 90% (%)
No. of Measurements
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Figure 02-14. TSAP Al signal (1,AI,882, 1,BL,510) versus Corresponding TSAP AO
Signal (1,AO,922, 2,BL,213) from OBE4 Test for Seismic Retest.

Table 02-11. TSA-P AOs and the Corresponding TSAP AIs in Remotel from OBE4
Test for Seismic Retest.

. I

Figure A. 12-15 shows the BOE source signal (2,BL,286) versus TSAP Al signal (3,BL, 1)
as well as the TSAP AO signal (2,BL,291) at the test controller (remote 3) during the
OBE4 test for seismic retest. The 3,BL,1 waveform duplicates the BOE source at each
transition and the waveforms for 2,BL,291 and 3,BL,1 track each other at each transition.
The averaged readings and deviations of 6 measurements for 3,BL,1 and 2,BL,291 at the
.10% and 90% levels are provided in Table A.12-11. The results indicate that 2,BL,291
deviates less than 0.3% from 3,BL,1 at both levels, and the magnitude-of deviations is
comparable to in-house test results: 0.107% vs. 0.058% at 10%,. 0.152% vs. 0.131% at
90%.
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Remote3: BOE Source and TSAP Al vs. TSAP AO - OBE4 Test (Wyle
Seismic Retest)
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Figure 0-15. Single Loop Controller Analog BOE Source Signal versus TSAP Al
and TSAP Al versus TSAP AO from OBE4 Test for Seismic Retest.

A.12.6 OBE5 Test

The waveforms of TSAP analog inputs at remote 1 and that of the BOE source signal
during the OBE5 test of seismic retest are depicted in Figure A. 12-16. The Figure shows
that the TSAP Al signals correlate well with the BOE source signal at each transition, and
they essentially overlap with one another. Table A.12-12.lists the averaged readings and
deviations of 6 measurements for the HAS logged Al signals at 10% and 90% levels.
The calculation of the deviation was based on 9.694% for 10% and 89.306% for 90%.
Both 1,BL,510 and 1,BL,516 deviate less than 0.32% from the BOE source signal at both
10% and 90% levels. The magnitude of deviations is higher than the inwhouse test results
at 10% level: 0.019% vs. 0.005% for 1,BL,510, and 0.038% vs. 0.01% for 1,BL,516;
magnitude at 90% level is comparable: 0.081% vs. 0.045% for 1,BL,510, and 0.141% vs.
0.096% for 1,BL,516.

BOE Source vs. TSAP Als - OBE5 Test (Wyle Seismic Retest)
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Figure 02-16. BOE Control Signal Versus TSAP Analog Input Signals in Remote 1
from OBE5 Test for Seismic Retest.
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Figure A. 12-17 shows the waveforms for TSAP AO (2,BL,213) versus its corresponding
TSAP Al (1,BL,510) during OBE5 for seismic retest. The Figure shows that the AO
image duplicates the Al image at each transition. The averaged -readings and deviations
for these two analog signals at 10% and 90% levels are listed in Table A.12-13.
Deviations of 2,BL,213 from 1,BL,510 by 0.283% at both 10% and 90% levels were out
of the acceptance range. The deviations at 10% and 90% levels are 0.423% and 0.474%
respectively, compared with 0.115% and 0.327% from the in-house test. The increment
at 10% is likely caused by the logging issues with HPAT as explained in the Pre Seismic
Test.

Table 02-12. TSAP Al Channel Readings and Deviations from BOE Source Signal
from OBE5 Test for Seismic Retest.

TSAP Al vs. TSAP AO - OBE5 Test (Wyle Seismic Retest)

100

80_ -BI5O
60

9/23/04 9/23/04 9/23/04 9/23/04 9/23/04 9/23/04 9/23/04
9:53:17 9:54:00 9:54:43 9:55:26 9:56:10 9:56:53 9:57:36

Timeline

Figure 02-17. TSAP Al signal (1,AI,882, 1,BL,510) versus Corresponding TSAP AO
Signal (l,AO,922, 2,BL,213) from OBE5 Test for Seismic Retest.
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Table 02-13. TSAP AOs and the Corresponding TSAP Als in Remotel from OBE5
Test for Seismic Retest.

Figure A.12-18 shows the BOE source signal (2,BL,286) versus TSAP Al signal (3,BL,i)
as well as the TSAP AO signal (2,BL,291) at single loop controller (remote 3) during the
OBE5 test for seismic retest. The 3,BL,1 waveform duplicates the BOE source at each
transition and the waveforms for 2,BL,291 and 3,BL,1 track each other at each transition.
The averaged readings and deviations of 8 measurements for 3,BL,1 and 2,BL,291 at the
10% and 90% levels are provided in Table A.12-13. The results indicate that 2,BL,291
deviates less than 0.3% from 3,BL,1 at both levels, and the magnitude of deviations is

.comparable to in-house test results: 0.066% vs. 0.058% at 10%, 0.153% vs. 0.131% at
90%.

Remote3: BOE Source and TSAP Al vs. TSAP AO - OBE5 Test (Wyle
Seismic Retest)
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Figure 0-18. Test Controller Analog BOE Source Signal versus TSAP AT and TSAP
Al versus TSAP AO from OBE5 Test for Seismic Retest.

A.12.7 SSE Test

The waveforms of TSAP analog inputs at remote 1 and that of the BOE source signal
during the SSE test of seismic retest are depicted in Figure A.12-19. The Figure shows
that the TSAP Al signals correlate well with the BOE source signal at each transition, and
they essentially overlap with one another. Table A.12-14 lists the average readings and
deviations of 8 measurements for the HAS logged Al signals at 10% and 90% levels. The
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calculation of deviation was based on 9.694% for 10% and 89.306% for 90%. Both
1,BL,510 and 1,BL,516 deviate less than 0.32% from the BOE source signal at both 10%
and 90% levels. The magnitude of deviations is higher than the in-house test results at
10% level: 0.019% vs. 0.005% for 1,BL,510, and 0.044% vs. 0.01% for 1,BL,516;
magnitude at 90% level is comparable: 0.075% vs. 0.045% for 1,BL,510, and 0.14.1% vs.
0.096% for 1,BL,516.

BOE Source vs. TSAP Als - SSE Test (Wyle Seismic Retest)
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Figure 0-19. BOE Control Signal versus TSAP Analog Input Signals in Remote 1
from SSE Test for Seismic Retest.

Figure A.12-20 shows the waveforms for TSAP AO (2.BL,213) versus its corresponding
TSAP Al (1,BL,510) during SSE for seismic retest. The Figure shows that the AO image
duplicates the Al image at each transition. The averaged readings and deviations for
these two analog signals at 10% and 90% levels are listed in Table A.12-15. Deviations
of 2, BL, 213 from 1,BL,510 by 0.283% at both 10%:and 90% levels were out of the
acceptance range. The deviations at 10% and 90% levels are 0.421% and 0.486%
respectively, compared with 0.115% and 0.327% from the in-house test. The increment
at 10% is likely caused by the logging issues with HPAT as explained in the Pre Seismic
Test.

Table 0-14. TSAP Al Channel Readings and Deviations from BOE Source Signal
from SSE Test for Seismic Retest.
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TSAP Al vs. TSAP AO - SSE Test (Wyle Seismic Retest)
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Figure 02-20. TSAP Al signal (1,AI,882, 1,BL,510) versus Corresponding TSAP AO
Signal (1,AO,922, 2,BL,213) from SSE Test for Seismic Retest.

Table 02-15. TSAP AOs and the Corresponding TSAP AIs in Remotel from SSE
Test for Seismic Retest.

Figure A. 12-21 shows the BOE source signal (2,BL,286) versus TSAP Al signal (3,BL,1)
as well as the TSAP AO signal (2,BL,291) at test controller (remote 3) during the SSE
test for seismic retest. The 3,BL,1 waveform duplicates the BOE source at each
transition and the waveforms .for 2,BL,291 and 3,BL, 1 track each other at each transition.
The averaged readings and deviations of 8 measurements for 3, BL,1 and 2,BL,291 at the
10% and 90% levels are provided in Table A.12-15. The results indicate that 2,BL,291
deviates less than 0.3% from 3,BL,1 at both levels, and the magnitude of deviations is
comparable to in-house test results: 0.064% vs. 0.058% at 10%, 0.151% vs. 0.131% at
90%.
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•Remote3: BOE Source and TSAP Al vs. TSAP AO - SSE Test (Wyle
Seismic Retest)
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Figure 0-21. Single Loop Controller Analog BOE Source Signal versus TSAP Al
and TSAP Al versus TSAP AO from SSE Test for Seismic Retest.

A.12.8 Post Seismic Test

The waveforms of TSAP analog inputs at remote 1 and that of the BOE source signal
during the post seismic test are depicted in Figure A.12-22. The figure shows that the
TSAP Al signals correlate well with the BOE source signal at each transition, and they
essentially overlap with one another. Table A. 12-16 lists the average readings and
deviations of 17 measurements for the HAS logged Al signals at 10% and 90% levels.
The calculation of deviation was based on 9.694% for 10% and 89.306% for 90%. Both
i,BL,510 and 1,BL,516 deviate less than 0.32% from the BOE source signal at both 10%
and 90% levels. The magnitude of deviations is higher than the in-house baseline test
results at 10% level: 0.035% vs. 0.005% for 1,BL,510, and 0.063% vs. 0.01% for
1,BL,516; magnitude at 90% level is comparable: 0.074% vs. 0.045% for 1,BL,510, and
0.156% vs. 0.096% for 1,BL,516.

BOE Source vs. TSAP Als'- Post Seismic Test (Wyle Seismic Retest)
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Figure 0-22. BOE Control Signal versus TSAP Analog Input Signals in Remote 1
from Post Seismic Test for Seismic Retest.
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Figure A. 12-23 shows the waveforms for TSAP AO (2, BL,213) versus its corresponding
TSAP Al (1,BL,510) during post seismic test for seismic retest. The Figure shows that
the AO image duplicates the Al image at each transition. The averaged readings and
deviations for these two analog signals at 10% and 90% levels are listed in Table A.12-
17. Deviations of2,BL,213 from 1,BL,510 by 0.283% at both 10% and 90% levels were
within the acceptance range. The deviations at 10% and 90% levels are 0.082% and
0.161% respectively, which are less than the in-house test results of 0.115% and 0.327%
respectively. The improvement was likely caused by the same HAS logging issue
discussed in Pre Seismic Retest.

Table 0-16. TSAP Al Channel Readings and Deviations from BOE Source Signal
from Post Seismic Test for Seismic Retest.

TSAP Al vs. TSAP AO - Post Seismic Test (Wyle Seismic Retest)
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Figure 02-23. TSAP Al signal (1,AI,882, 1,BL,510) versus Corresponding TSAP AO
Signal (1,AO,922, 2,BL,213) from Post Seismic Test for Seismic Retest.
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Taible 02-17. TSAP AOs and the Corresponding TSAP Als in Remotel from Post
Seismic Test for Seismic Retest.

Figure A.12-24 shows the BOE source signal (2,BL,286) versus TSAP Al signal (3,BL,1)
as well as the TSAP AO signal (2,BL,291) at single loop controller (remote 3) during the
post seismic test for seismic retest. The 3,BL,l waveform duplicates the BOE source at
each transition and the waveforms for 2,BL,291 and 3,BL,l track each other at each
transition. The averaged readings and deviations of 8 measurements for 3,BL,1 and
2,BL,291 at the 10% and 90% levels are provided in Table A.12-17. The results indicate
that 2,BL,291 deviates less than 0.3% from 3,BL,1 at both levels, and the magnitude of
deviations is comparable to in-house test results: 0.069% vs. 0.058% at 10%, 0.136% vs.
0.13 1% at 90%.

Remote3: BOE Source and TSAP Al vs. TSAP AO - Post Seismic Test
(Wyle Seismic Retest)
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Figure 02-24. Single Loop Controller Analog BOE Source Signal versus TSAP Al
and TSAP Al versus TSAP AO from Post Seismic Test for Seismic Retest.
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1.0 PURPOSE AND SCOPE

The HF Controls (HFC) Integrated Safety Control System for nuclear power application
is composed of hardware and software from two existing product lines; the AFS-1000
Critical Control System and the ECS-1200 Distributed Control System. Both product
lines are mature and have a substantial operating base in fossil, utility and nuclear
application. This development plan is to dedicate the technology to an integrated system;
HFC-6000 Plant Control System for USNRC qualification program.

The Product Development Plan continues to serve as the primary communication vehicle
for development plans and progress. It is a dynamic document during planning,
execution and closure phases and is updated when necessary to reflect changes in
development scope, constraints, deliverables, tests and progress.

The ERD 111 project serves as the US NRC qualification project by using HFC26000 as
Nuclear Safety related control system.

1.1 SCOPE

The qualification system will be-composed of four 19-inch card files mounted on an open
cabinet frame to simulate cabinet installation. These card files will encompass every
feature of the HFC-6000 architecture to be qualified. (This requirement will determine
the total number of card files to be included in the test system.) One of these chassis will
be configured with redundant controller hardware, the system power supply, and I/O
modules linked directly to the controller. Two of the remaining card files illustrated in
Figure 1 will be linked directly to the controller as expander I/O chassis. The remaining
card file (labeled local I/O in Figure 2-1) will contain a power supply module and I/O
cards linked to the controller via a fiber-optic communication link. The overall
configuration will simulate the hardware arrangement of a redundant remote controller
that is physically located in an equipment room and a local I/O chassis that is physically
located near the equipment under control.

The controller hardware will support two redundant serial communication links:
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1.2 GENERAL ARRANGEMENT

Nuclear Safety
Nuclear Non-Safety

Commercial DCSHFC 6000

CPUM
IOM
COMM
FPDM
PSM
CSM
MA

Figure 1, General Arrangement

CPU Module for nuclear safety equipment
I/Os cards family (NQ-series)
Communication Module
Flat Panel Device Module
Power Supply Module
Control Switch Modules
Manual/Auto Station
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CPUM CPU Module for nuclear safety equipment

Safety equipment
1. Multi-loop controller

SBC06N Redundant multi-loop controller
DPM06N Dual port memory

2. Single-loop controller
SBC04N Single loop controller

Non-safety equipment
ECS06 Multi-loop controller

IOM I/Os cards family
HFC- (a)(b)(c)(d) N
(a) D - Digital, A - Analog, C- Combination
(b) I - Input, 0 - Output, C - Combination
(c) Number of points 8, 16 or 32
33: 2-120vac outputs,

12-48vdc inputs
34: 2-125vdc outputs

12-48 vdc inputs
35: 1-120vac output

12-48vdc inputs
36: 8 - 4 to 20ma outputs

8 - 4 to 20ma inputs
37: 8 - 0 to lOv outputs

8 - 0 to lO0v inputs
(d) Voltage
A - 120vac, B - 125vdc, C - 24vdc, D - 48vdc, E - 0 to I0vdc,
F - 4 to 20ma, G - 250vdc, H - 220vdc, I - 48vdc SOE,
J - Form C contact, K - Pulse, L - Thermocouple, M - RTD

100ohms,
N - RTD 200ohms, P - RTD 2000ohms, Q - special
N - Nuclear

Examples -

DC34N 2 channels 125vdc DO and 12 channels 48vdc DI
DI16DN 16 channels 48vdc Digital Inputs
DC34N 2 channels 125vdc DO and 12 channels 48vdc DI

COMM -
PCC06N CSM, M/A station and RSP channels multiplexer
card
ILI06N I/O link Isolator
ILR06N I/O link Repeater/Terminator
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FPDM Flat Panel Device Module

FPC06N Flat Panel Device controller
FPD06N Flat Panel Device

PSM Power Supply Module

PSR06N Rack mounted 24v power supply
GFD06N Ground Fault Detector

CSM Control Switch Modules

MA Manual/Auto Station

FOTM Fiber Optics Transmitter Module

FOT06N FOT channel boards
HUB06 Isolation hub

1.3 REFERENCES

In compliance with HFC Quality Manual and Work Instructions, the following Project
Specific Documents are to be generated. In HF Controls' compliance with the Software
Verification and Validation standards (IEEE 7.4.3.2, 730, 830, 1012, 1074-1995) etc. we
have taken a system wide approach and have changed the organization of some of the
specified plans. Where the organization of the document has been change from the
Standard we have included a cross-reference table.

* VV0401 - Product Development Plan
* VV0402 - Project Quality Plan (PQP-2003-005)
* VV0403 - System Requirements Specification
* VV0405 (WI-ENG-003) - Configuration Management Plan
* VV0404. (WI-ENG-008) - Software QA Plan
* DD0401 - Test System Design Description
* TN0401 - Master Test Plan

The Product Development Plan refers to HF Controls Standard Procedures and Work
Instructions for nuclear project which; will be followed to the extent they do not
contradict any of the project specific Procedures or Plans listed above.

EPRI TR-107330 Generic Requirements Specification for Qualifying a
Commercially Available* PLC for Safety-Related Application in
Nuclear Power Plants

Page 8 of 30 Non-Proprietary I



Product Development Plan VV0401
REV A

1.4 ABBREVIATIONS AND ACRONYMS

BIT

CPC

CRC

CSM

DCS

EWS

FPD

HFC

HPAT

ICL

i/0

HFC-6000

JCRT

LAN

MIA

NRC

PCC

PID

RTD

SOE

TSAP

TTL

Built-in Test

Communication Protocol Controller

Cyclical Redundancy Check

Control Switch Module

Distributed Control System

Engineering Workstation

Flat Panel Device

HF Controls

HFC PCS Automated Tester

Intercommunication Link

Input/Output

HFC Integrated Safety Control System

JAVA Compliant CRT Workstation

Local Area Network

Manual/Automatic

Nuclear Regulatory Commission

Peripheral Communication Controller•

Proportional Integral Derivative. A type of analog control algorithm.

Resistance Temperature Detector

Sequence of Events

Test System Application Program. A "synthetic application" used to
check/verify the Control System functionality needed to support the
qualification test program.

Transistor-Transistor Logic

1.5 DEVELOPMENT PROJECT ASSUMPTIONS AND CONSTRAINTS

This section contains a discussion of the project assumptions or factors that affect project
decisions. Changes in these assumptions and constraints can affect the project schedule,
phases, tasks, resources, etc.

1.5.1 Milestone Schedule

Please refer to the attached HFC-6000 USNRC qualification project master schedule.
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1.5.2 Assumptions

* The entire qualification process should be guided through our nuclear consultants
Hurst Technologies and Process Design Consultants, Inc.

* The product design process shall follow all requirements from HFC internal
business plan. The main focus of this development, is to dedicate an integrated
control system for NRC qualification, US NPP retrofit projects, NSSS
applications and next generation Nuclear Plant Control Systems.

* Base upon the milestone schedule, HFC should complete the test set of modular
HFC-6000 chassis by August 1, 2003. The process to merge all existing AFS/ECS
product lines in to HFC-6000 family cards shall be executed as continuity phase
of this project. So is the cabinet development and arrangement.

2.0 PRODUCT LINE DEVELOPMENT ORGANIZATION

2.1 DEVELOPMENT PROJECT TEAM

The Development Project Team will provide the analytical, functional, organizational,
technical and clerical skills necessary to complete the development tasks. It will be a
dynamic entity changing to match the project's needs. The Project Manager will be
responsible for organizing the Development Project Team and adjusting the participants
as the project execution progresses.
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US NRC/
Consultants/
Marketing

- -QA Management

QA Representative

Administratio

I Engineering
Support
Management

System Software
Development SApplicationDesign/

Development

I Test Process

Management
Package
Engineerin

Application

--- -- -- --... .. .. .. .. Progr mTest

Figure 2, Organization chart with project structure

Where Report channel
--Communication link

Technical responsibility

During the execution of the project, the Development Project Team will also include full
and/or part-time (dedicated or non-dedicated) participation by representation from
Hardware and Software Development, manufacturing, operations, purchasing, and system
test organizations. The Development Project Team participation shall be in accordance
with the project's funding plan as agreed to by the HF Controls Senior Management
Team.
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2.1.1 Senior Management

The Senior Management of HF Controls will review the project cost, the estimated man-
hours and cost to complete and any outstanding issues. The members of the Senior
Management Committee are as follows:
o HF Controls' President - Tim McCreary
o HF Controls' Chief Financial Officer - J. H. Choi
o HF Controls' QA Manager - Charles Fisher
" HF Controls' V. P. Engineering - Allen Hsu

2.1.2 Project Manager

The Project Manager for the ERD 111 US NRC qualification project is Mr. John Stevens
who has prior experience in planning, organizing, and managing projects of this
complexity and nature. Mr. Stevens will be responsible for ensuring all project activities
are performed and that all processes are completed. The Project Manager will organize
and, as required, delegate to other Development Managers/Project Leaders the
responsibilities to implement tactical aspects of the project. The responsibilities of the
project manager will be in accordance with "Project Management Overview", Procedure
WI-ENG-902, to the extent that it does not conflict with this Product Development Plan
or any other of the project specific procedures and or plans as referenced above.

2.1.2.1 Authority

The Project Manager has been given the authority to assemble, plan, and execute the
Project to insure that the requirements of the HFC Quality Procedures/Work Instructions
are met. He has also been delegated the authority to make decisions and commitments
regarding schedule, scope, material content, and financial performance (With
Management Oversight and direction). This authority is granted by the Company
President or Chief Executive Officer for all aspects of this Project.

2.122.2 Tasks & Responsibilities

* Oversee changes to the Project schedules, including time and cost estimates
* Secure and manage manpower and resources in all parts of the organization
* Define, organize, schedule and document Project meetings
* Manage, the Hardware/Software Engineers, and Project Application Engineer
* Insure that the product delivered meets the project requirements
o Schedule and maintain all Project documentation/publications
" Verify that all Project specific Corrective Actions are addressed and cleared
* Oversee activities of V&V Team
* Maintain and execute the Software Configuration Management plan in according with

WI-ENG-003
* Maintain and oversee execution of the System Design Definitions(DD0401)
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2.1.3 Engineering Support Manager

The tasks and responsibilities of the Engineering Support Manager are to perform most of
the project control functions. He also has been given the authority, tasks and
responsibilities of the System Verification and Validation team as fully defined in the
System Verification and Validation Plan (WI-ENG-008). To fully carry out the V&V
requirements, the Engineering Support Manager shall also coordinate the System Test
tasks and responsibilities. Briefly, the tasks and responsibilities for these various
functions are as follows:

2.1.3.1 V&V Tasks & Responsibilities

o Generate, maintain and oversee execution of the master test plan.
* Generate and maintain the V & V reports
" Form and manage the V&V team, auditors and schedules for V&V task
" Create, track, administer, maintain, keep records and generate reports associated with

reported issues, problems, anomalies and/or V&V Corrective action requests
associated with this project

o Insure, monitor and provide reporting associated with V&V tasks and test reports and
verify that any anomalies are properly reported

* Insure that the product delivered meets the project requirements
o Verify that all Project specific Condition Reports, Project Change Request and

Corrective Actions are addressed and cleared
* Monitoring the laboratory tests and all intermediate testing defined in the master test

plan by System Test personnel
o Participate in the V&V plan and audit schedules/reviews by System Test personnel
o Complete and submit all V&V and Quality Assurance documentation
o Verify that all System Test Condition Reports, Project Change Request and Condition

Report (CR) are addressed and cleared

2.1.3.2 Other Engineering Support Tasks & Responsibilities

o Establish and maintain Project schedules, including time and cost estimates
* Establish and maintain Project Budgets and Estimate to Complete on Corporate

computer system.
• Develop project databases, correspondence, drawing/document logs, Application

Loops & I/O, Corrective Actions, etc.
o Define, organize, schedule and document Project meetings assigned by Project

Manager
* Manage the Technical writers
" Support SCM record keeping and reporting

2.1.4 Hardware Design Engineer

Tasks & Responsibilities
* Execute the Hardware requirements documents
* Define interaction between hardware and software within the designs
* Assure that the hardware design specifications conform to the SRS (VV0403)
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o Assure that the hardware design conforms to the SDD (DD0401)
" Coordinate and participate in the hardware functional testing of the master test plan.
* Participate in Design Reviews
* Participate in V&V reviews
o Complete and submit all V&V and Quality Assurance documentation

Schedule, create and maintain all hardware documentation/publications
* Verify that all hardware Condition Report (CR) are addressed and cleared

2.1.5 Software Design Engineer

Tasks & Responsibilities
* Maintain the Software requirements documents
o Define interaction between hardware and software within the designs
* Assure that the software design specifications conform to the SRS (VV0403)
* Assure that the software design conforms to the SDD (DD0401)
a Coordinate and participate in the software functional testing of the master test plan

Participation in Design Reviews
o Participate in V&V reviews
o Complete and submit all V&V and Quality Assurance documentation
* Schedule, create and maintain all software documentation/publications
• Verify that all software Condition Report (CR) are addressed and cleared

2.1.6 Project Engineer

Tasks & Responsibilities
• Maintain and execute the Applications requirements documents
o Assure that the Applications design specifications conform to the SRS (VV0403)
• Assure that the Applications design conforms to the SDD (DD0401)
* Coordinate and participate in the Application functional testing per the SRS

(VV0403)
* Participate in Design-Reviews
• Participate in V&V plan and audit schedules/reviews
o Complete and submit all V&V and Quality Assurance documentation
o Schedule, create and maintain all Applications documentation/publications
* Verify that all Applications Condition Report (CR) are addressed and cleared

2.1.7 Proiect Steering Committee

The Project Steering Committee is responsible for providing the administrative and
managerial direction for the project and for all system-related development activities,
procurement, manufacture, assembly and testing within this product line development
plan. Its duties include setting project direction, evaluating project performance against
planned performance, assessing all deviations, and prioritizing and resolving project
issues. This entity serves as the approval body for all development-related decisions.
When necessary this committee may also call on the Senior Management of HF Controls.
Upon review by the Project Steering Committee, any questions and/or decisions which in
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their judgment is 1) a change in the current development scope, 2) impacts project
funding, 3) impacts schedule of equipment deliveries, 4) any issue or problem item which
can not be resolved by the committee, or 5) other items requiring approval by HF
Controls' Senior Management. -The members of the HF Controls Project Steering
Committee shall consist of the following:
o Project Director - Allen Hsu
* Project Manager - John Stevens
* Engineering Support - Jon Taylor
• System Engineering - Terry Geraradis and Jim Grisham
* QA Manager - Charles Fisher
* Manufacturing Manager - Tracy Mosley
o Procurement/Material Control Manager - Gregg Redding

* Consultants - Tim Hurst

2.2 QA MANAGEMENT

The authority, tasks and responsibility of the QA Management are defined in the HF
Controls Quality Manual and Project Quality Plan (PQP2003-005).

3.0 DELIVERABLES

Table 1 contains the specific component count of hardware modules and assemblies to be
included in the test specimen.

Table 1, HFC-6000 Test Specimen Equipment

Quantity Module Type [ Description I [ Firmware

I F F

4 +

4 + +

4 + +
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F F 4-

Third Party Equipment

Table 2 lists documents that are required for this project.

Table 2, Summary of document list

HFC Doc.ERD111 Project Documents Description Requirement
Number

ADS0401 TSAP Design Specification USNRC Qualification
AFS0401 TSAP Functional Specification USNRC Qualification
AFS0402 ASOA Functional Specification USNRC Qualification
ASC0401 TSAP Program listing USNRC Qualification
ATP0401 TSAP Validation Test Procedure USNRC Qualification
ATP0402 ASOA Test procedure USNRC Qualification
ATR0403 TSAP V & V Report USNRC Qualification

CC0401 Certificate of Conformance USNRC Qualification
CC0402 QVDL Project

DD0401 Test System Design Description USNRC Qualification
DD0402 Test System Arrangement/Wiring Diagram USNRC Qualification

DD0403 Test System loop Diagram USNRC Qualification

DD0404 System Drawings USNRC Qualification

DD0405 System Hardware/Software Configuration Project

DD0406 System Database Documentation USNRC Qualification

MN0401 Operator's Manual USNRC Qualification
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MN0402 Programmer's Manual USNRC Qualification
MN0403 Equipment Maintenance Manual USNRC Qualification

MN0404 System Installation Manual Project Internal

MN0405 HFC-6000 Module Selection Guide Project Internal

MN0406 HFC-6000 Application Guide USNRC Qualification

SFS0401 Software Functional Specification (OS) USNRC Qualification
SDS0401 Software Design Specification (OS) USNRC Qualification

TN0401 Master Test Plan USNRC Qualification
TN0402 Class 1E/Non Class IE Test Plan USNRC Qualification

TP0401 Setup and Checkout Test Procedure USNRC Qualification
TP0402 Operability Test Procedure USNRC Qualification

TP0403 Prudence Test Procedure USNRC Qualification
TP0404 Environmental Test Procedure USNRC Qualification

TP0405 Seismic Test Procedure USNRC Qualification
TP0406 Surge Withstand Test Procedure USNRC Qualification

TP0407 EMI/RFI Test Procedure USNRC Qualification
TP0408 ESD Test Procedure USNRC Qualification
TP0409 Bum-in Test procedure USNRC Qualification

TR0401 Pre-qualification Test Report USNRC Qualification
TR0402 Equipment Test Report USNRC Qualification

TR0403 Environment Test Report USNRC Qualification
TR0404 Seismic Test Report USNRC Qualification
TR0405 EMI/RFI Test Report USNRC Qualification

TR0406 Surge Test Report USNRC Qualification
TR0407 ESD Test Report USNRC Qualification
TR0408 Safety 1E/Non Safety iE Isolation Test Report USNRC Qualification
TR0409 Performance Proof Test Report USNRC Qualification
TR0410 Final summary Report USNRC Qualification
TR0411 Topical Report for subtotal USNRC Qualification
TR0420 Operability Test Reports USNRC Qualification

TR0421 Prudency Test Reports USNRC Qualification
TR0422 Setup and Checkout Test Reports USNRC Qualification

VV0401 Product Development Plan Project
VV0402 Project Quality Plan Project (PQP2003-005)
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VV0403 System Requirement Specification Project

VV0404 Software QA Plan/SVVP HFC Procedure

VV0405 System Configuration Management Plan HFC Procedure

VV0407 Design Evaluation Reports Project

VV0408 Reliability/Availability Analysis Report USNRC Qualification

VV0409 Failure Modes & Effects Analysis USNRC Qualification
VV0410 Software Qualification Report USNRC Qualification
VV04 11 Accuracy & Setpoint Analysis Report USNRC Qualification

VV0412 Final Summary Report USNRC Qualification
VV0413 Topical Report for subtotal USNRC Qualification

VV0414 Master Configuration List USNRC Qualification

4.0 PROJECT EXECUTION

The HF Controls Project Management Life Cycle (PMLC) addresses the project
management needs for all HF Controls systems projects. It is applicable to projects that
require development of new products or software, and to projects, which utilize existing
HF Controls and other company's products and software. The HF Controls PMLC is
generally defined in the Project Management Overview Procedure WI-ENG-902 and the
supporting Procedures and Work Instructions. The supporting Procedures and Work
Instruction are as listed in the Reference section of this Product Development Plan.
These will be followed to the extent there are no conflicts with this Product Development
Plan and any associated Project specific plans and procedures.

4.1 PROJECT MANAGEMENT OVERVIEW

As described in the Project Management Overview (WI-ENG-902), the Project Manager
and other key project leaders were involved in the review of the final requirement, review
of the proposed list of deliverables and the associated application engineering, any
hardware and software development items, and other technical aspects of the project.
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Figure 3, Arrangement drawings of qualification test set (700911_01-0001 &
700912_01-0001)
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4.1.1 Project Plannin!

Upon the development project approval by HFC senior management staff, the Project
Execution phase was initiated with the project planning aspects of the Project Life Cycle.
The following steps were taken in planning and initiation of the execution of this project
within HF Controls.

* Reviewed and updated the qualification proposal and started assigning personnel to
the different functional labor groups

o Since this project mainly involves engineering exercise in the first phase, held an
internal kick-off meeting among the key engineering personnel and consultants is
necessary. At the beginning of second phase (Manufacturing) held internal Kick-off
meeting to disseminate preliminary information to other departments that will be
affected by this project i.e. Procurement, QA, Manufacturing, System Test, and
Service (Project Kick-off Meeting' Work Instruction WI-ENG-916).

* Reviewed Project Risk and their mediation
o Provided Summarized Project Schedule and Manpower loading projections based on

the estimate. The summarized schedule provided the major milestones for the project
(Project Execution Plan, Work Instruction WI-ENG-912)

* Setup Project Documentation files in accordance with the Product Development Plan.

4.1.2 Project Execution

As the project *proceeds through the Project Life Cycle phases of Project planning,
requirements definition, design; production, pre-installation testing the other portions, of
the Project Execution of the Project Overview shall be performed-as follows:

* Schedule review meetings & handle NRC interface
* Maintain the Project Master Schedule
* Meet with HF Controls Operations weekly to review schedule with manufacturing and

procurement. Any issues with Procurement, Material Control and Manufacturing will
be raised, reviewed and resolution discussed.

o Facilitate and review subcontractor meetings for procurement of major project items
* Coordinate the efforts of testing to assure that the requirements of the specifications

are being met.
o Review the project monthly with Senior Management of HF Controls regarding the

financial aspects, Coordination issues between departments, Estimated cost to
complete (ETC), any major outstanding risk issues, etc.

5.0 PROJECT CONTROLS

5.1 PROJECT DOCUMENTATION FILES

Since it is HFC internal project, there is no Project Contractual Documents, Proposal and
Cost Sheets, Transmittal and' Approval documents, Correspondence, and other
documentation of a commercial non-technical nature in accordance with the "Project
Documentation Files" Procedure WI-ENG-901.
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5.2 CONFIGURATION MANAGEMENT

Project changes during the Project Life Cycle shall be controlled in order to prevent
unauthorized and untested changes to hardware and software of the deliverable product.
The final product may contain many components such as code modules, user
documentation, installation procedures, test cases, requirements documentation, design
documentation, planning documents, etc. These are all either interim or final product
deliverables. Methods have been established to identify the product components that
need to be controlled, when they need to be controlled, and by whom. Change control
and reporting methods have been established.. The combination of these controlling
methods is called Configuration Management, and the System Configuration
Management Plan contains the details on how this will be accomplished.

REFERENCE: Systems Configuration Management Plan (SCMP) WI-ENG-003

5.3 DOCUMENT CONTROL

Changes to key project documentation are covered under System Configuration
Management Plan (SCMP WI-ENG-003). Members of the project team are to file the
documents generated in the directory structure as detailed in the above on the dedicated
LAN Drop. The hard copy of documents assigned a HF Controls part Document Number
will be stored in PVCS version manager utility. All Project specific documentation will
be verified and confirmed to meet the requirements. This review will be conducted by
(1) the document creator, (2) one or more members of the Project Steering Committee,
(3) by internal audits scheduled and monitored by the V&V Team. Any discrepancies
found, at any of the review steps, will be resolved.

5.4 PROBLEMS/ISSUES MANAGEMENT

During the project life cycle, problems, anomalies and issues will arise that must be
resolved. If left unresolved, these can greatly impact product quality and severely impact.
project cost and schedule constraints. HF Controls corrective action and nonconformance
program is implemented by QPP 16.1, "Corrective Action Program".

During the design phase of the products, software and engineering deliverables problems
and issues will be documented and tracked utilizing the Design and Verification
procedure (WI-ENG-001) reviews for those documents. Once the Final Baseline for a
document, drawing, software module, or product has been reached, it shall be subject to
the following Condition Reporting process. Please refer to System Configuration and
Management Plan (WI-ENG-003) for further details on the Final Baseline.

Any member of the Project Team or other involved parties from manufacturing,
procurement, customer, vendor etc. may identify any item that is believed to be an issue,
concern, Condition or possible problem by entering an Condition Report (CR). After
Final Baseline, any of the following, but not limited to the following, may be cause for
the generation of an CR:
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* Failures
o Faults
. User errors

* Incoming material Non-conforming Material Report
o Engineering Change Request*
* Design Problem
• Manufacturing problem
o Process failure
* Procedure violation
* Procedure requiring change
* Training issues
* QA/QC issues
* Documentation issues

5.5 QUALITY MANAGEMENT

5.5.1 Verification & Validation

Quality assurance methods must be used throughout the Project Life Cycle to ensure
product quality. The compilation of these methods is a process called Verification &
Validation. Verification-and Validations will be performed during this project. Please
refer to the Systems Verification and Validation Plan (SVVP) (WI-ENG-008) for further
guidance on the process and how these will be performed.

5.5.2 Reviews and Audits

Reviews and audits are two of the key methods that are used to verify the quality of
*product components and the effectiveness of the processes used to produce them. Refer
to the Reviews & Audits process in the System Quality Assurance Plan (SQAP) program
for further guidance on the process and how these will be performed.

5.5.3 Testing

Testing of product components is one of the - key methods used to validate that the
finished product complies with the product requirements. Unit, integration, systems and
various forms of acceptance testing are usually necessary to validate the product. Testing
requires adequate planning, staffing, tool usage and numerous iterations until an adequate
level of product quality is achieved. Refer to the master test plan (TN0401) for detailed
information on the process and how these will be performed.

5.6
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5.7 PROJECT TOOLS

5.7.1 Hardware Development Tools

The following Hardware development tools are used:
- Auto2000 To generate loop schematic drawings
- CAM350 To convert.Gerber file to DXF format file
- PowerPCB 3.5 P.C. Board layout design tool
- Power Logic 3.0 To generate schematic drawings
- Pathwork32 Tools to work with Digital VAX
- Hardware change management tools

* PVCS tracker 6.5.02
o PVCS Version Manager 6.5

The Hardware engineer uses Power Logic to design electronic circuit boards and generate
schematic drawings. The P.C. Board design expert uses PowerPCB to develop layout
drawings and uses AutoCAD to generate detailed drawing. The Bill of materials then
will be entered into Macola Information System, the HF Controls Cooperation database
system.

Refer to procedures for hardware development (procedure WI-ENG-101) and P.C. Board
design (procedure WI-ENG-102).

5.7.2 Software development tools

The following Software Development tools are utilized:
- Source and executable code development tools

* DEC31 00 Digital MicroVAX
o Digital EVE editor
* Intel Cross Assembler, PL/M compiler, linker and locater (x86)

* PC server
- Source code version control tools

* Microsoft SourceSafe
* PVCS Version Manager 6.5
* Digital CMS/MMS library on Digital DEC31 00 MicroVAX

- Software code change management tools
* PVCS tracker 6.5.02
* Digital CMS/MMS library on Digital DEC31 00 MicroVAX.

The referenced procedures are System Software Functional Specification (procedure WI-
ENG-202), Design Specification (procedure WI-ENG-203), and Software Coding
procedure (procedure WI-ENG-204).
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5.7.3 Application development tools

- AutoCAD 2000
- ECT PromisE CAD tool
- Microsoft Office 2000 suite
- Macola on HF Controls LAN, tools to maintain Bill of Materials
- Application code change management & impact assessment tools

* PVCS tracker 6.5.02
- HFC One-Step Graphic Editor

Referenced procedure is Application Engineering Design Process (procedure WI-ENG-
702).

5.7.4 Change Management

- PVCS tracker 6.5.02
- PVCS Version Manager

And procedure is covered in the HFC Work Instruction WI-ENG-003.

5.8 RESOURCE MANAGEMENT

5.8.1 People Resources

The Project Steering Committee and representatives of Manufacturing, Procurement and
Test have reviewed the technical and commercial requirements of the project, the
proposal scope and budget estimates for the resources required to perform the various
functions of design, development, implementation, procurement, manufacture and
testing. The process is discussed in further detail in the Project Management Overview
(WI-ENG-912). The project team led by the Project Manager develop a Master Project
Schedule including all of the project documentation deliverables, engineering tasks,
scope definition tasks, procurement tasks, product development tasks, manufacturing
tasks, system testing tasks, V&V reporting tasks, V&V testing tasks etc. The resource
requirements for the project are broken down per the functional labor groups with
budgeted hours for each group. The functional groups will be allocated to the appropriate
tasks of the Master Project Schedule to determine an estimated time-phased manpower
loading requirements for the project. The time-phased manpower requirements for this
project will be overlaid on the know requirements for other projects and evaluations
made by the various department managers as to whether the time-phased manpower
requirements for this project can be met with existing staff. If the manpower
requirements cannot be met with current staffing then contingency plans are discussed
and reviewed by upper management. The various contingency plans in order are as,
follows:
" Borrowing manpower from other departments
o Outsourcing of Engineered deliverables
o Temporary Labor
* New Hires

Page 24 of 30 Non-Proprietary I



Product Development Plan VV0401
REV A

Temporary Labor is. generally utilized to fill the non-technical resource requirements
such as drafting, clerical etc. In each of the above cases, any possible candidates will be
evaluated and interviewed first by Human Resources and then by the lead engineer of the
appropriate area to ascertain that the individual or firm has the capabilities to perform the
work required. In the case of outsourcing Purchasing will perform the initial evaluation
.of the persons or firm.

Table 3, Summary of operational number list

Operation Operational Category
Number

0011 System Engineering

0012 Hardware Engineering

0013 Software Engineering

0014 Application Engineering

0015 Test Engineering

0016 Package Engineering

0017 Drafting

0018 Project Engineering

0019 Project Management

0100 Production/Manufacturing

0101 Manufacturing Engineering for project

0102 Manufacturing for project

0103 System Testing for project

5.8.2 Physical Resources

To be most effective in the execution of the project a determination was made that all of
the project team engineering and support personnel would be located in the same area.
Once the initial manpower requirements for the Engineering portion of the project were
determined, areaswithin the building to consolidate the Project Team were evaluated.
Since a major portion of the manpower would be required for new product and software
development and space and office furniture was available in this area of the building the
project team was located in this area. It was decided to have everyone one the Project
Team Compatible with Microsoft Windows 2000 and Office 2000.

HF Controls has sufficient floor space in manufacturing test system for this project.
Please refer to the master test plan (TN0401) for further details on the facilities available
for testing of the equipment and software. Once the time for the manufacturing of the
system gets closer we have to evaluate the impact of this project on other projects that,
may be sold later.

5.9 COST MANAGEMENT

The Baseline budgets are maintained to include any manpower and material cost changes
associated with any agreed to contract scope changes. The Estimated budget is spread
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across the duration of the project in accordance with the estimated time-phase manpower
requirements of the Master Project Schedule. The estimated budgets will be adjusted as
the project proceeds through the life cycle to provide the best estimate of the
requirements to complete the project.

6.0 RISK ASSESSMENT

Complete a Risk Assessment in order to identify and communicate areas where the
project is vulnerable.

Risk is defined as the probability of deviation from the expected result. Taking risks is a
part of doing business in our competitive industry. Many of our great successes, which
make us the industry innovator, were originally considered risks. While taking a
calculated risk is acceptable, it is not acceptable to take a risk without understanding it's
magnitude and possible ramifications and without taking necessary steps to manage the
risk.

The Risk Assessment will identify potential threats to the project, which may require
specific actions. Once the Risk Assessment is complete and the results are known, the
Project Team should identify and estimate the necessary activities to reduce the high and
medium risk(s) to the lowest practical level. The Project Steering Committee will
evaluate the activities and approve the final course of action. Once approved, these
activities must be incorporated into the existing Product Development Plan.

Table 4, Project Risk Management Assessment

RISK TYPE IDENTIFICATION MITIGATION ACTIONS
Schedule Schedule impact 1. Retain key project staff; no reassignment to

The development requirement other projects.
of resource during the first 6 2. The use of tools to automate project
months, some are contractor or processes and to promote staff effectiveness
vendor and efficiency. Appropriate tools may allow
Tight production schedule reduction in staff levels and may improve

quality of deliverables. Planning for
appropriate tool training.
3. Utilize contractor resource.

Regulatory V & V programs 1. Adequate up-front product definition of
Legal Are nuclear safety system standards standards and regulations applicable to the
Safety and regulations requiring work to be performed. - Through V & V

legal/contractual constraints that would programs.
put the project at risk from a financial 2. The guidance from consultants.
or legal liability point of view

Regulatory Configuration & Change Management 1. Adequate change management of project
Legal Are there data safety precautions such requirements to ensure requirements do not
Safety as offsite storage, frequent backups, "creep in" in during the life of the project

logging, data replication, etc., that without being identified.
would cause the project to be 2. Adequate definition of qualification system
economically or technically and tasks and adequate project quality
unfeasible? reviews, inspections and audits to ensure

regulatory requirements are being met.
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RISK TYPE IDENTIFICATION MITIGATION ACTIONS
Technological Three microprocessor controllers 1. Adequate design review and prototype

SBC06N is the first time to use three testing.
microprocessors on one board with
different function.
Is more than 20 remotes an issue over 1. Adequate design review and prototype
C-link? testing. 48 nodes is limitation for current

CPC software.
Do we need to have MCM any more? 1. To use SBC06N as MCM (MUX

communication master)
Is all the technology needed for the Adequate technology evaluation process,
project available for immediate use? including product and vendor evaluation.
Is system performance a major Prototyping of new technology to ensure
requirement? feasibility, performance, reliability, usability,

etc.
New development/modify boards Hire outside contractor for layout work.

- Layout out process
FPD & Driver Adequate design review and hire outside

contractor to design FPD real time drive.
Power supply Adequate design review and hire outside

contractor to design power supply.
Qualification Test System

7 New components
- Possible buying

components/assembly.

New package of modular chassis
- Power Supply
- Control Switch Modules
- New P.C. Board & chassis

7.0 PROJECT RESOURCE ASSIGNMENT

The following table illustrates the original resource plan for this project. The resource
shall be updated in the project master schedule continuously throughout the project.

Table 5, Project Resource Assignments

Tasks Description HFC (Hours) Responsible
Proposal Revised

Test Plan Development initial test 12 J. Taylor
Development plan

Internal & External review 10 J. Taylor
& comments
Resolve Comments & issue 6 J. Taylor
plan

TSAP Define TSAP Application
Development 0 Functional 60 J. Stevens/J. Taylor

requirement
specification

" Logic Diagram 30 J. Stevens
* CAD 40 J. McGregor

Develop TSAP Software 108 J. Stevens
I Specification I
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Develop TSAP Application 120 J. Stevens
Program
Develop Test Simulator 100 J. Taylor
Program

Test System Define Test System 64 T. Gerardis
Definition & (hardware, software, /J. Taylor
Development Arrangement, etc.)

o Develop System
Description

Develop Test System
Configuration & Physical
Drawings

o Develop 36 J. Stevens
Configuration
Drawings

0 Develop Physical 54 J. Stevens
Arrangement &
Mount Details

* Develop Wiring 40 J. Stevens
Drawings (loop,
Power,
Monitoring, etc.)

o CAD 60 J. McGregor

Develop Configuration 40 A. Hsu
Management Document
Develop System Setup & 64 J. Stevens/J. Taylor
checkout procedure

Develop Test Develop Operability Test 10 90 J. Taylor/A. Han
Procedures Develop Prudency Test 8 72 J. Taylor/A. Han

Develop Bum-in Test 6 54 J. Taylor/A. Han
Develop Environment Test 12 108 J. Taylor/A. Han
Develop Seismic Test 15 135 J. Taylor/A. Han
Develop Surge Test 12 108 J. Taylor/A. Han
Develop Isolation (1E to 20 180 J. Taylor/A. Han
non-IE) Test
Develop EMI/RFI Tests 20 180 J. Taylor/A. Han
Develop ESD Test 12 108 J. Taylor/A. Han
TSAP Test Procedure (To 15 135 J. Taylor/A. Han
support V & V)

Verification & Review and finalize
Validation software QA plan

ASOA
Verify ASOA
Spec. and
programming 96 S. Yang

* Perform ASOA
Validation

o Prepare ASOA V
& V Report
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TSAP
* Verify TSAP

Specification and
- program

* Validate Testing
of TSAP

0 Prepare TSAP V
& V Report

Testing Development Test
Activities Mounting & Data

Collection System 36 D. Briner/A. Han
* Define hardware

Requirement &
Configuration 27 D. Briner/A. Han

* Define Data
Logging
Requirement 50 D. Briner/A. Han

• Build Test
Monitoring 60 D. Briner/A. Han

System
* Configuration &

Program System
Perform Factory Test 487.5 D. Briner and Test

* Assemble Test Engineers
System & Test
Setup

o Operability
0 Prudency
• Bum-in

Perform special test
* Seismic 60 J. Stevens
* EMI/RFI 50 J. Taylor
* Environment 40 J. Stevens

* ESD & Surge 40 J. Taylor

Withstand
Perform Post Qualification 200 D. Briner and Test
Testing Operability, etc. Engineer

Analysis Reliability & availability 160 J. Taylor/A. Han
Analysis Report
Accuracy & Setpoint 16 J. Taylor/A. Han
Report
FMEA 144 M. Hallett
Radiation Hardness
Assessment

Reports Develop pre-Qualification 96 J. Taylor/A. Han
Test Report
Develop Environmental 24 J. Stevens
Qualification Report
Develop Seismic 20 J. Stevens
Qualification Report
Develop Surge, ESD and 36 J. Taylor
isolation Qualification
Report
Develop EMI/RFI Report 36 J. Taylor
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Develop Final Summary 32 J. Taylor
Report
Develop Topical Report for 32 J. Taylor
subtotal

NRC interface & Qualification Kickoff 20 J. Stevens
Resolution of Presentation
Issues

In process Presentation & 32 Engineers
meetings (2)
Subtotal Meeting 30 Engineers
NRC Audit of HFC 70 C. Fisher/A. Hsu
Resolve NRC questions & 64 C. Fisher/A. Hsu
meetings

Generic Application Software
Software Objectives Acceptance
Qualification (ASOA)

* Define ASOA 12 J. Stevens
Components &
Program

o Develop ASOA 24 J. Stevens
Functional
Specification

o Develop ASOA 24 J. Stevens
Test Procedure

Operating System Software
• Define OS 12 T. Gerardis

Components &
Program

* Develop OS 16 T. Gerardis/A. Han
Functional
Specification

* Develop OS Test 16 T. Gerardis/A. Han
Procedures

Project Project Management 550.4 A. Hsu/J. Stevens
Management & Administration
Administration General Project Expense

Travel Expense
Test & Test Equipment
NRC Review & SER
Activities
Contingency

Subtotal 3586.9 4626.9

Development 16 H/W boards 1600 Development Team
Items - HFC SBC06N

- P.C. Boards layout S5000 per board
- Prototype $5000 per board
- Integration Test

Packaging Design 960
HFC-6000
FPD and Driver 640

Subtotal 3200

Page 30 of 30 Non-Proprietary


