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ABBTRACT

This report documents the implementation of the Eagle 21,
Replacement Hardware Design, Verification and Validation Plan
(DS 408A47, R31), as applied to Commonwealth Edison Company's

Zioln Station

The report summarizes the Verirication and Validation program
results which demonstrate that the Zion Eagle 21 process
protection system functional upgrade has been satisfactorily
completed in accordance with all of its functiconal and design

regquirements.
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1.0 SUMMARY

commonwealth Edison Company has purchased and will install a
microprocessor based system to replace 16 racks of the analog process
protection system at Zion Unit 1.

The Microprocessor based equipment is the Eagle 21 Process Protection
System Replacement Hardware. This equipment performs the following
major functions:

1. Reactor Trip Protection (Channel Trip to Voting Logic)
2. Engineered Safeguard Features (ESF) Actuations.

3. 1Isolated Outputs to Control Systems, Control Panels, and Plant
Computers

4. Isolated Outputs to information displays for Post Accident
Monitoring (PAM) indication

§. Autcomatic Surveillance Testing to verify channel performance.

A brief description of the Eagle 21 System hardware architecture and
related functions is given in Section 2.0.

A comprehensive Verification and Validation (V&V) program was
conducted in accordance with Regulatory Guide 1.152 and ANSI/IEEE/ANS
7-4.3.2 to ensure the functionality of the system to a level
commensurate with that described in the system requirements. The
Eagle 21 Replacement Hardware Design, Verification and Validation Plan
is documented by Design Specification 408A47, Revision 3, dated May
12, 1989. A brief discussion of the V&V program is provided in
section 3.0 of this report.

This report presents the results of the V&V program conducted on the
Zion Unit 1 Eagle 21 System.

The software verification for the Zion Unit 1 Eayle 21 System .as
completed in February 1991 with the total number of software units
involved being 116%. For these units, a total of 408 verification
problem reports were generated. All verification problem reports
generated have been resolved, All changes to the software
documentation have been reviewed and/or tested to demonstrate
successful resolution of the problems found.

It should be noted that the software verification effort was performed
on generic type Eagle-21 software. This software includes all
possible Eagle-21 process algorithms, whether they are used in a
particular installation or not. Therefore not all of the 1169
software units are actually ever executed in the Zion Unit 1 system,
nor are all the 408 verifi“ation problem reports directly applicable.
However, as the totality of the software package includes this code,
this report covers all findings in the software.

1=l
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The system validation program for the Eagle 21 System was also
completed in February 1991, including 11 comprehensive tests and 93
hardware/software/FAT reviews. The hardware/software/FAT reviews and
validation tests are completed. All validation problem reports which
were generated are resolved. These reviews and tests are, unlike the
verification findings, all directly applicable to the Zion Unit 1
upgrade. The 11 validation tests were not the extent of testing for
evaluation of validation concerns; reviews were made of spplicable
prior testing such as applicable tests from previous Eagle-21 systems
and 2ion FAT's (Factory Acceptance Tests).

It should be noted that none of the anomalies identified in the
validation problem reports are errors that would be expected to be
identified during the verification process. All problem reports
generated during the validation process are in areas specific to
validation,

The Eagle 21 upgrade implemented for Zion Unit 1 has been demonstrated
to meet its functional and design requirements.
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2.0 EAGLE 21 SYSTEM FUNCTION OVERVIEW

The Westinghouse Eagle 21 microprocessor based process protection
upgrade system is applicable for those instrument systems which are
"safety-related" as defined by IEEE Std. 279-1971, “"Criteria for
Protection Systems for Nuclear Power Generating Stations". The Eagle
21 portion of process instrumentation includes all necessary devices
with the exception of transmitters, indicators, and recorders.

The Westinghouse Eagle 21 microprocessor-based process protection
system is a functional replacement for existing analog process

p. otection equipment used to monitor process parameters at nuclear
generating stations and initiate actuation of the reactor trip and
engineering safeguards systems. Features of the Eagle 21 equipment

include the following:

A. Automatic surveillance testing to significantly reduce the time
reguired to perform surveillance tests.

B. Self calibration to eliminate rack drift and time consuming
calibration procedures.

C. Self diagnostics to reduce tre time required for
troubleshooting.

D. Significant expansion capability to easily accommodate
functional upgrades and plant improvements.

E. Modular design to allow for a phased installation into existing
process racks and use of existing field terminations.

The Eagle 21 System Hardware consists cof three basic subsystems per
rack: Loop Processor Subsystem, Tester Subsystem and Input/Output
Subsysten.

1. Leop Processor Subsystem

The Loop Processor Subsystem receives a subset of the process
signals, performs one or more protection algorithms, and drives
the reguired isolated outputs.

2. Tester Subsysten

The Tester Subsystem serves as the focal! ooint of the human inter-
action with the protection rack. When useu .1 conjunction with
the Man-Machine-Interface (MMI) test cart, tr Tester Subsystem
provides a user~-friendly interface that permit¢ test personnel to
configure (adjust setpoints and tuning constants), test, and
maintain the system.
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3, Input/Output (I/0) Subsystem

The microprocessor based system interfaces with the field signals
through various input/output (I/0) modules. These modules accommo-
date the plant signals and test inputs from the Tester Subsystem,
which regularly monitors the integrity of the Loop Processor
Subsystemn.

In an Eagle 21 Process Protection Instrument Channel, field sensors
are connected to cabinet mounted terminal blocks. The process
electronics power the sensors and perform signal conditioning,
calculation, and isolation operations on the input signals. However,
each element of the process is not an individual electronic module or
printed circuit board assembly. A multiple channel Analog Input
module is used to power the field sensor(s) and perform signal
conditioning. All calculations for the process channel functions are
performed by a centralized Loop Calculation Processor (LCP). Typical
functions performed by the Loop Calculation Processor are as follows:
summation, lead/lag, Jaltiplication, comparator, averaging, and square
root conversion. Trip logic is provided through multiple channel
partial Trip Output modules. Multiple channel isolated analog outputs
are provided by Analog Output modules. In addition, all Eagle 21
process protection channels are configured to perform aut~matic
surveillance testing via a centralized Test Sequence Processor (TSP).

Protection and Monitoring channels processed with the Eagle 21 process
protection system are as follows:

A. Average Temperature and Delta Temperature
Pressurizer Pressure and Water Level
. Reactor Coolant System Flow

., Containment Pressure

Steamline Pressure and Differential Pressure

B
e
D
E. Steam Generator Water Level
F
G Loop Stop Valve Interlocks
H

Reactor Coclant Wide Range Temperatures

I. RCS Wide Range Pressure

J. Turbine Impulse Chamber Pressure
K. Steam Flow

L. Feedwater Flow
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T™he Eagle 21 equipment has been designed to fit into existiny process
. vaks and to interface with other plant systems in a manner identical

the existing analog equipment. This design maintains the ex.isting
tiwid terminals to avoid new cable pulls or splices within the vack.
The components for each rack are built into subassemhlies which are
easily installed into the existing racrks. All internal rack cabling
is prefabricated. The subassemblies are tested in & factory meck-up
to verify proper fit and operation. Detailed installation proceduves
and dravings are provided with each aystem,
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3,0 VERIFICATION AND VALIDATION PROCESS PHILOSOPHY

1.1 Verification Philosophy

With the application of programmab.e dizxtal computer systems in
safety systems of nuclear power generating stations, in order to
ensure the functionality of software to a level commensurate with that
described in the system reguirements, designers are obligated to
conduct independent reviews of the software associated with the

computer system.

Figure J~1 illustrates the integration of the system verification and
validation with the system design process. Thoe verification process
vas divided into two distinct phases: verifizstion of desiyy
documentation and verification of software, Figure 3-1 ‘llustrates
where an independent review of des.gn documeitation was performed,
After comploted software was turned over to the verifier by the design
team, an independent review and/or test of each software unit was
performed to varify the software unit met tne applicable Software
Design Specification. As part of the software wiit review, the unit
was linked with other interfacing software units where appropriate.
Structura; testing was performed on the software units. This
Structural testing exercisea the software program code and its
component logic structures. This process required the verifier to
inspect the code against its associated documentation and understand
how it functions before selecting the test inputs and predicting the
test outputs consistent with code documentation. The test inputs wvere
chosen to exercire all executabls lines of code within the software

entity.
2.2 Validation Philosophy

Whereas the syeten verification process was performed to verify the
software entities, the systea validation process was performed to
demonstrate the system functionality. The system validation testing
results demonstrated that the system design completely satisfied the
system functional requirements., Hence, any inconsistencies that may
have occurred during the system development in this area that sere not
discovered durinrg the software verification activitins were identified
through the validation process, vValidation compliments the
verification process by ensuring that the system meets its functional
requirerents by conducting testing from a total esystems perspective.
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The major phases of the validation process included the following:
A. Functional Requirements/Abnormal~Mode Testing Phase

B. Prudency Review and/or Terting of the Design and Inplementation
Phase.

The functional requirements/abnornmal-mode testing process treated the
system as & black box, while prudency review and/or testing required
that the internal structure of the integrated software/hardvare systenm
be understood and analyzed in detail. This dual approach to the
validation process provided a level of thoroughness and testing
accuracy which ensured the functionality of the system commensurate
with that described in the systenm requirement..

The Validation Plan defines the metnodology utilized to perform a
series of reviews and tests which compliment the verification process.
Four independent types of reviews and/or tests were conducted to
ensure overall system integrity:

1. Functional requirements testing -- ensured that the final system
satisfied the functional requirements., A functional
decomposition was prepared from the system functional
requirements &nd used as a basis for the validation test
procedures. 7The functional reguirements documents reviewed were

a) CWE=300/3, Revision 2, "Functional Requirements for Thermal
ovarpower and Overtemperature Protection".

b) CWE-300/4, Revision 1, "Functional Requirements for Reactor
Coolant System Pressure and Water Level Protection".

¢) CWE-300/5, Revision 1, "Functional Requirements for Reactor
Coolant System Low Flow Protection".

d) CWE-300/6, Revision 0, "Functional Requirements for Safety
Systems Actuated by Containment Pressure Signals".

e) CWE-300/7, Revision 1, "Functional Requirements for Steam
Generator Protection System".

f) CWE-300/8, Revision 1, "Functional Requirements for Secondary
High Energy %ine Break Protection Systems",

g) CWE-300,9, Revision 2, "Functional Requirements for
Miscellaneous Protection System",

g) CWE-300/18, Revision 1, "Functional Regquirements for Reactor
Coolant 3ystem Loop Stop Valve Core Protection System".

¢) Zion Supplemental Functional Requirements, Revision 0.




2.

3.

WESTINGHOUSE PROPRIETARY CLASS 3
WCAP~12889 Revision 0

Abnormal~mode testing -~ ensured that the design operated
properly under abnormal-mode conditions.

System Prudency Review/Testing -- ensured that gocd design
practice was utilized in the design and implementation of
critical design areas of the system., These tests required that

the internals of the system design anu implementation be analyzed
in detail.
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DESIGN, VERIFICATION, AND VALIDATION PROCESS
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4.0 SUMMARY OF VERIFICATION ACTIVITIES

The verification process was performed in accordance with the Eagle 21
Replavement Hardware Design, Verification and Validation Plan, All
Eagle 21 systen software was verified using Level 1 (safety related)
type of testing and review. The overall scope of the verification
effort on the Ezgle 21 System consisted of 1169 units of software
vhose configuration is documented on Figure 4-2.

Related software units were grouped togethar into software modules.
Each software module consisted of a single source code file. When any
anomaly was discovered during the source code review or during test-
ing, a verification problem report was issued from the verification
team to the design team for resolution. These problem reports con-
sisted of three types, depending upon the scope of the discovered
anomaly: 1) unit level problem reports, 2) module level problem
reports, and )) generic problem reports. The unit level problem
reports addressed anomalies specific to a single unit of code. The
module level problem repor%s addressed anomalies covering entire
modules (typically due to formatting standards concerns). Generic
problem reports covered issues which spanned multiple modules (again
typically due to formatting standards concerns). A total of 408
problem reports were generated consisting of 179 unit level problem
reports, 164 module level problem reports, and 65 generic problem re-
porte. All verification problem reports were satisfactorily resolved.

The verification problem reports were assigned error codes as the
reports were generated. Working from a 1ist of 11 poscible error
codes, error types were assigned to problem reports. A problerm report
may contain more than one error type.

A significant portion of the total unit problem reports, 91.6%, was
made up of 6 error types:

A. Design Reguirements Implemented iIncorrectly (Type B) 23.5%

v. lmplementaticn includes Items not in Design 8.4%
Requirements (Type C).

€. Logic Anomaly (Type E) 20.1%

D. Data Handling Anomaly (Type G) 10.6%

E. Header/Comment Anomaly (Type J) 29.6%

F. Coding Standards Anomaly (Type L) 9.5%

Note that a single unit problem report may be counted several times in
the above percentages as it may have aultiple categories.

A categorized breakdown of all software verification problem reports
is provided in Figure 4-1.
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ZION Eagle-21 Software Verification
Total of 408 Problem Reports

Type L 13.2%)~ ~Unit - Other (4.7%)
Type J (11.0%) -
Yi . ,;’

Generic (15.0%)
Type G (3.9%)~

fype E (7.1%) =

Type C (3.7%)~

Type B (10.3%)~

-~ Module (40 2%)

te: Problem Repons with multip'e Types are
t the 4»;51 iener :19;’,;7:.3',““

Figure 4-1
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BOFTWARE CONFIGURATION
(Continued on Next Page)

Firmware
Urawing

8250C58G01

Rev

Description

Zion Unit 1 Rack
1 LCP Firmware
Configuration

Software
Vers. = Rev

h------F---F----------*---—--'-1

Vol - 02

8250C58G02

Zion Unit 1 Rack
2 LCP Firmware
Configuration

VoL = 02

8250C58G03

Zion Unit 1 Rack
3 LCP Firmware
Configuration

Vol - 02

825..28G04

Zion Unit 1 Rack
8§ LCP Firmware
Configuration

vol - 03

8250058605

Zion Unit 1 Rack
9 LCP Firavare
Configuration

Vol « n2

8250C58G06

Zion Unit 1 Rack
10 ILP Firmvare
Configuration

Vol - 02

8250C58G07

Zion Unit ' Rack
11 LCP Firmvare
Confic '‘ration

voil - 02

9250C58G08

Zion Unit 1 Rack
12 LCP t.rmvare
Configuration

Vol - 02

8250C58G09

Zion Unit 1 Rack
15 LCP Firnware
Configuration

Vol - 02

8250C58G10

Zion Unit 1 Pack
16 LCP Firnware
Configuration

Vol - 02

8250C08G02

E21 STD TSP
Firnware
Configuration

vo2 - 13

Figure 4-2
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SBOFTWARE CONFIGURATION

(Continued from previous Page)

8250C07601

2 E21 STD DFP
Firmware
Configuration

Vol - 01

8250C06G01

2 E21 STD DLH
Firnware
Configuration

Vol - 00

8250C05G02

] E21 STD MMI
Firmware
Configuration

voz - 08

8250C20

3 E21 STD
Microcontreller
Firmware Config,

Vo1-03 (GO1)
Vo1-02 (G02)

- et

Figure 4-2
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§.0 SUMMARY OF VALIDATION ACTIVITIES

The validation process was performed in accordance with the Eagle 21
Replacement Hardware Design, Verification and Validation Plan, by a
team of individuals independent from the design team. The overall
scope of the validation effort on the Eagle 21 System consisted of
perfcrming 18 comprehensive tests and 130 hardware/software/FAT re-
views.

When any validation test result failed the applicable acceptance
griteria, a problem report was issued from the validation team to the
design group for resolution. A total of 8 validation problem reports
were generated. All validation problem reports were satisfactorily
resolved, It should be noted that all problem reports were in areas
specific to validation, None of the errors precipitating a validation
problem repourt were of a type that should have been found during the
verification process. The number of problem reports generated by
the validation phase were:

Functional Requirements/Abnormal )

Prudency Phase 3

The specific problem reports are:

TRI.001-VAL TRI1.002~VAL
TRI.003-VAL TRI.004~VAL
TRI.006~VAL TRI.008=-VAL
TRI,009~VAL TRI.010-VAL

The validation and design teams identified four avenues for resolving
the problem reports: Software changes, Functional Requirements
changes, requirements documentation revision and validation test
procedure changes. The number of validation problem reports resolved
by each avenue are shown in Figuue 5~-1,
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Zion Eagle-21 Validation
Total of 9 Problem Reports

hange 12.5%)

Design Do

No Preblem (25.0%)

Analyzed By Resolution
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ARSTRACY

The folloming test report documents the Eagle 21v protection system adverse
electrical notse test program. The primary objective of this test program was
to demonstirate that the Eagle 21™ system remained operational beiore,

during, any after the applied noise congitions. Other cbjectives wers to
dgemonstrate the physical independence of class non=1E and class-1f circuitry
within the Eagla 21~ system,

The Eagle 21™ systen met o) performence requirements specifies &y the
scceptance criteria, The adverse ncise conditions applied to the Eagle )
§y800m a0 Oesigred 1o exceed worsi-case neise envirpnment congiticns.,
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SECTION 2
EAGLE 21« SYSTEM DESCRIPTION

21 INTRODUCTION

The Westinghouse Eagle 21~ Process Protection Upgrade System is a gualified,
microprocessor-based functional replacement for the analog process protection
ecuipment originally installed in a nuclaar power generating plant, the
mocdular desigl of the Eagle 21 hargware permits installation in existing
process protection system cabinets after the sna'log electronics and ‘nterna)
cabinet wiring are remeved. There 18 minimum gisruption of external wiring
because cabinet fiele terminal blocks and field cables are mast'y
ungisturbec. A1l system inputs #ng Sutputs are preserved, eng all eristing
fia'g interfaces are maintained. Figure 2<1 depicts one Eagle 21™ cavinet.

¢.1.1 Replacement of Existing Process Instrumentation
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Figure 2-2 Eagle 21~ Cabinet Installation
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2.1.3.2 Instrument Power Source

P

——

¢, 3.3 Channe! Integrity

R LIPS TP IERt N

The Eagle 21™ Process Protection Upgrade System has beer desigred to perform

its protective functions under extreme operating conditions relating to it
environment, its energy supply, any malfurctions, and any sccidents.

2.1.3.4 C(hanneg! Ingependence
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SECTION 3
EAGLE 21+ SYSTEM CONFIGURATION
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Drawing Descriptien

Process Control Block Diagram,
RHR Pump Discharge Temperature

Process Contro! Block Diagram,
RCS Wide Range Pressure

fagle 21™ Schematic Diagrams,
Rack 13 Protection Set 4

Drawing Number/Revision

1080408, sheet 39, Revision §

1080408, sheet 43, Revision 1

1856EED, sheet 7 Revision 2

The following drawings/revision levels are referenced to document the systenm

hardware tested:

Drawing Descriptien

Capinet Cenera' Assemdly

Anglog Input Boarg, .0-50, 4-20 md

(EAl-GO1)
wR RTD Input Board (ERI-GOI)
NR RTD Input Board (ERI-GOR)
Partial Trip Output Board (EPT-GOI)
Digital Contact Output Board (ECO-G01)
Analog Output Board 10-50 mA (EAC-G02)
Power Distribution Box (GO1)

Termination Module Assembly
£-10 Velt (GO1)

0715¢ 1b-0861688

w

Drawing Number /Revisign

1B70ES7G01, Revision 3

o
Lar
o

~4
«©
o
~3

) R’O\"S‘G‘ -

S368L28, Revisioen 2

83680289, Revision 2

2D3378E, Revision 2

S3R7CE1, Revision 3

£3677° , Revision 3

1871E34, Revision 3

2033778, Revision 1

P —
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Drawing Description Drewing Number /Revision

Terminatior Module Assembly
4-20 mA (GO1) 2027362, Revision !

Termination Modu'le Assembly
10-50 mA (GO6) ¢D27362, Revision 1

Baseline Design Document 856033, Revision 0
*Digital Contact Qutput Board (ECQO-G01) €367CE1, Revision 4

*Partie]l Trip Qutput Board (EPT-GOL) 2033788, Revision 3

*Boards modified to successfully compleate fault testing. Modifications made
and required retests are described in sections 8.2, £.3 and Appendin A,

170 and miz-oprocessor boards were configured per design specification $56073,
Revision D.

System scftware used has heen retained on permanent file.

0719 15-081688 3-3
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SECTION 4
ISOLATION DEV!CES PHILOSOPHY

4.1 DESCRIPTION

The Eagle 21~ System uses the output signal conditioning boards as an
isolation barrier between field leve! signals and the microprocessor
subsystem., The Eagle 21v uses the following types of isolation devices for
interfacing Class IE signals with non-1E equipment.

$aa d Y ! : y -
isclator Beoard Tyme Isclation Device
1 A b - - 1 - FAM ol |
Andlog Output Board (current loop), EAD |
{
1
~ 4 1 Pa ~ - - i i
igital Contact Qutput Boarg, ECO 1 |
1
423" A ’ BT | |
artial Trip Qutput Board, EPT L .
——

In aggitien, high veltage transient protecticon is provided for each cabinet
put, including the ac power feed, by transient suppression
circyitry, Faulr currents are limited by preferred failure mode componenis.

0718c 15-0618688 -1
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The crerecteristics for Noige Source No. 2 were:
Voltage: 115 Vac
Inguctance: 10 mM
Resistance: 2 om

Repetition rate for both nofise so . rces was 10 on-off cycles per minyte,

Figure 5-5 shows the military specification noise source test ietup,

$.1.9 High Voltage Transient Noise Test

This noise source was generated from & surge transtent generatyr |

1o coupled to an dsoletion network bor |
The high veltege transiens noise characteristics are in accordance with
TEEE-472-1874 a8 follows:

£9?£SQ 3.3 &Y
Surgy Froguensy 1.28 MM
,"vm. i 1/2 ‘catsvl . 6-" " |
Repatition rate: 140 M2
Figure 5+6 shoss the high voltage transient cice source test setup.

£.1.4 n“is Nﬁ‘“ T!“

This noise source was generated using & step-up transformer |

).g A value of SBO Vems at 60 M2 was ‘njected into the non-1E test

cable and into the antenra assemdly.

Figure 5+7 shows the statis noise test setup.

0719 10-042888 &8
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TABLE $-1a
LINE TO GROUND

. FAULY TESTS PERFORMED
X Tator Board T 7“1“ Applied
Partia! Trip Output, Energized 12% Vde, 125 Vac, 250 vec, S80 Vac
Partia) Trip Output, Deenergized 2%0 Vde, 580 Vac
Digita) Contart Output, NO, Energized 250 Vae, 580 Vac
Digita! Coscr o *put, M, Energized ¢50 vae, 580 Vac
Current Loie Untrei, “he%y mA 128 Vac, 125 Vde, 250 Vde, SBO Vae
TABLE S-1b

LINE TO LINE
FAULY TESTS PERFORMED

isg etor Boars Type fau'ts Applied
Partia) Trip Qutput, Energized 12% Vae, 125 Vde, 250 vdc, $8C Vas
Partia) Trip Output, Deenergized ¢80 vdc, %87 Vae
Rigita) Contact Dutput, NO, Energizes 125 Vae, 12% Vde, 280 vac, 580 vas
Pigita) Contact Output, NC, Energized 250 Vae, 580 vac
Digita! Contact Output, NO, Deenergized 250 Ve, 580 Vac
Digital Contact Dutput, NC, Deenergized 128 Vae, 128 Vde, 250 Véc, 5B0 Vac
Current Loop Cutput 10-50 mA 12% Vec, 125 Vde, 250 vge, 580 Vac

0715¢ 16-042888 £-13
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© WR RTD Inmput (0-10 velt application)
o NRRTD Input
o Cabinet AL power feed

§.3.1.1 Commen Mode Test

For this test, one termina! of the test generator was connected to each system
input or outout conrection group. The other terminal of the test generater

wat connesied to the ground of the surge generater (See figure 5-122)

5130112 T"’-‘«(V"‘. uad. T.'t

For this test, the terminals of the test generator were connected to

LB ™

“K. V'\;-

and Tow of eazh system input or output signa) pair (See figure S-12b).

§.5.2 Test Implemertation

The surge withstand capability test was carried out by using & surge
{ Jc ang an fsolation netwerk |

The SWC test wave generatec was in sccordance with JEEE-472-1574 ang
following characteristics:

Fﬁ - s Z-SKV

CREST

Surge Frequency * 1,25 MH2
T*m t° 1/2 E:a:sT s 6.‘ 8 |
Repetition Freguency = 120 K2

Each SWC test run consisted of & 2-minute pretest run, 2-second app't

the SWC test wave, and a 2-minute post-test run,

gererator
:

e

hag the

sation of

Figure $-12¢ shows & schematic diagram of the equipment connections which were

implemented during the SWC test.

07196 10042088 §-19
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$.4.3 Test Eouipment

: Two types of antennae were used during the testing, A biconica) antenns
covered frequencies ranging from 20 MHz to 160 MM2, and 4 log pericdic sntenra
covered frequencies ranging from 160 MM2 to | GMz.

Twe power amplifiers were used to cover the whole frequency rarge. The first
emplifier covered 20 MMz 4o S00 MM2; the second amplifier covered 500 MMz to |
GHz,

-
L

£.4.4 Test Procedure

Calibration testing was conducted 10 generate o calibration cata file for the
gontre! computer for the signal gererator. Once calibration testing was

compieted, mogulation ang keying tests were performed on the system.

A geta'lec gescription ¢f the regic frequenty interference test implementation
. ‘s given in the Radic Freguency Interference Test Setup Description (sectien
bIZI‘-U

For detailed test sequence, channe! monitoring, and system external connection
information, see the Radic Frequency Interference test procedure in appendix (.

5.4.5 (falibration Test

The calibration data files were generatud for 3 V/m and 10 V/m over the entire
frequency band (20 MMz to 1 GM2), for both vertical and horizental
pelarizations, for use in implementing the modulation and keying tests.
Figure 5-14 is o photo of the anecheic chamber showing the log periodic
antenna in the hordzontal polarization calibration |

]‘:

07190 'o-04288H §-23
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Figure 5-15. Bloc: Disgram of Radio Frequency
Interfersnce Calibration Tests
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i Figure £-17. Block Diagram of Radio Freauency
Interference Moaulation Tests
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A deteiled description of the RF! test implementation 1s given in the RF! Test
Setup Description, Secticn 6.2.4.

For Getefled test secuence, chamne) menitoring, ang system external conmeztics
information, see the RF] test procecure in Appendix .

5.4.7 Keying T!;E

The keying test frequency selection was performed manually. The most
susceptible points, as determined by the modulation tests, were subjected to
the keying test., At Teast three dats points per octave were tested. Tabl:s
£-2 shows the keying test freguencies.

0718¢ \o-042088 §-30
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TABLE 5-2
KEYING TEST FREQUENCIES

r -
|
|
|
' |
|
i
o Jb'c
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During the keying test, only the front of the cabinet was tergeted, because

this was considered to be the "most susceptible side” to the RF field,

Vertica)l ang herizonta) polarizations were imp'ementec.

0718c 10042888
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Figure $-18. Block Diagram of Radic Frequency
Interference Keying Tests
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SECTION &
TEST SETUP AND MONITORING

6.1 EST SETLP

The test setup consisied of an nput/output simulator and recording test
statfon. Test squipment included o date logger, tape recorder strip chart
recorder, voltmeter, and an uscilloscope. Figure 6+1 shows the cabinet and
field cable setup. Figure 6+2 shows the test eauipment setup, Figure €+3 s
& test configuration block dlagram.

6.1.1 Systen Connectiong

Forty=foct fie)d cables were routed from the test stetion through the cabinet
top entry and ware terminated ot the field termina) blocks., Catle shielss
were terminated at the field terming) blocks and Teft cpan at the test station
per stangers wiring practice. A1) cables were bundled togetrer (1E ang
non=1E) upen entry into the cabinat. System externa! connection diagrams are
previded in section 3.

€.1.2 Simi'ated Inpyt Signa's

Input signals were simylated in o manner which replicates, as z'ose o8
pessible, attual plant sensers, The listing below gives signal type,
simyiation methed, and circuit figure reference:

Input Simulation
$igral Type Methog Figure
0 - 10V Veltage scurce N/A
4-20 mA/10-50 mA Trarsmitter £-4
Wige Range RTD Potentiometer 6-5
Nerrow Range RTD Precision resistor 6-6
network
0720¢ 16081608 g1

PR —
i



Figure 6-1. Cabinet ana Field Cable Setup

0720 16-081688 62







EYSTE!

|
R —

-—{ POVEF SUPPL Y |

POWER &PSY

3

DATA AQUISITION € STEM -
_—
( I
S, | [ meitiien Hotoilieieie |
| mecoroEms LOSC |
T‘ |
BUFFER |
AMP IF IERS i
DATA I
LOGRER
: I
|
l
I
L_ INPUT / |
OUTRUT
SIMULATOR] | L
L ,
— AP e

?

FIELD CAB;XNG--——T- —=TEST CABINET

O | SIMULATED
) :Npt.'?
$1

|
L
-

0720¢ 1p~081388

GNALS

Figure 6-3.

Tést Configuration Block Diagram

6-4

037-4-24435-4

e e -






Figure 6-5.
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Wide Range Resistance Temperature Detector (RTD)

o






Actua) simylated input values for each test are specified in the test
procedures, appendix C,

6.1.3 Data Acguisition System

The date scquisition system provided a record of cabinet performance during
each test. The data acquisition system consisted of a tape recorder, strip
chart recorder and a data logger.

l
The 1isting below gives cutput signal type, moenitoring method, and circuit I
figure reference: 1

Actue’ output peints menitored for each test ere specified in the test
procedures, appendix C.

Quiput Monitoring
Signal Type Method Figure i
10 = 50 mA resistor -7 1
Trip Qutput 120 Vac detector, status light 6-3 |
"~ . ’ : ‘
Contact Output voitage/resistor -9 ‘

L | L]

6 1.3.1 Tape Recorder

A ld~channe! FM tape recorder was used to provide a permanent record of systen
performance before, during and after each abnorma! event (noise, surge, RFI,
etc.). |

]b.c

Tape reccrder monitored signals were processed through buffer amplifiers,
6.1.3.2 Data Logger

Tne digital data logger was used for pre-test and post-test verification of .
system status. Prior to each test, it was used to generate a printout for al)

0720c 1b-042888 £-8
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Figure €-8. Contact Qutput Monitering
) i
>
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Data sheets, strip chart recorder printouts, data logger printouts, and tape

. recorder log sheets were utilized to record data. Data sheets are attached at
N the end of this section for information,
. 6.2.1 Noise Test Setup Description

Eagle 21~ system input/output performance, while subjected to tha noise
tests described in section 5.1, was monitored in the following manner:

° = omutputs == Four analog output channels were monitored
v @u. ) the noise tests. The channels monitored
«f2013 processed by current loop, wide range RTD, ang
r ' out signal conditioning boards. Thus, system
N Trocess i ng performance was measures.

o Digital outputs - single variable NR RTD (Thot3) was chosen to
toggle 211 six Delta T/Tavg System trip outputs. A1l six trip output
channels were toggled utilizing the variable RTD circuit ghown in
Figure €-6. The control reley was cycled ]

r

pre-test, test and post-test runs [

o

ontinuously 4during

! 3.5‘5 The De'ta
T/Tavg system inputs were set jus’. below and above the trip output

y toggle point (.2% or less). The Delta T/T‘vg system ytilizes
current loop, NR RTD and 0-10 volt analog input signals to generate
partial trip output signals (see section 3 for system block
diagrams). Thus, any significant degradation in system input signa!
precessing would result in a trip output status failure. A normally
open contact output channel was alsc menitored. The contact output
was normally energized throughout the test.

Trip output status was monitored continuous)y during the noise tests using a
strip chart recorder,

Analog/digital channels adjacent teo the nen-1E channe! under test were chosen
for monitoring to emulate worst case system configuration. See figure 6-10
for the noise test data sheet.

0720c 1b-042888 6-13




EAGLE 21~ NOISE TEST REPORT

TEST TYPE/PROCEDURE NUMBER (REV)
DATE |
NOISE INJECTION CHANNEL NUMBER/TAG NO.

DATA LOGGER PRINTOUT:
(PRETEST/POST-TEST).

BISTABLE PERFORMANCE

REMARKS/OBSERVATIONS .

ANALDG QUTRUT

NEME /TAS NO.

FIR VAP/T4542
P TEMP/T441L
TEMP /Ta41K
PRE/P40BE
TAPE SET:
“\PE FOCTAGE:
"PRE-TEST/TEST/POST-TEST)
REMARKS/OBSERVATIONS:

PERFORMED BY/DATE:

Figure 6-10. Noise Test D2ta Sheet

0720¢ Yb-042888 -14
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170 Module Procedure Rev.

Date
Test #
TYPE
SHORT CIRCUIT . AC , DC
COMMON MODE __ _ GROUND CONNECTED TO VOLTS PLUS ___ MINUS ____ GROUND
LINE TO LINE VOLTS (+) TO (+) (+) 10 (=)
VOLTS (=) TO (+) (=) 10 (=)
TEST INJECTION POINT TEST CONDITION
1/0 CARD TYPE POINT #
PRE-TEST
DATA LOGGER VERIFICATION® PRINT OUTPUT #
SYSTEM STATUS
REMARKS AND TEST OBSERVATION
DISCONNEST DATA LOGGER
TEST
TAPE RECORDER FOOTAGE BEGIN END SET #
SPEED TIMET TSTRRTY: ___ (STOPTT

SYSTEM STATUS:
RCMARKS AND TEST OBSERVATION

POST-TEST

DATA LOGGER DATA VERIFICATION®™ PRINT QUTPUT #
SYSTEM €TAiuS:

REMARKS AND TEST OBSERVATION

PERFORMED REVIEWED

Figure 6-11. Fault Test Data Sheet

0720¢ 1b-042888 €-16



w










[N [——

(DATE)
(TIME)

EVENT
!

Lo

‘

3
REMARKS:

(DATE)
(TIME)

EVENT

UNH""

REMARKS:

(DATE)
(TIME)

ERROR I'| THE CHANGING CONDITION OF BISTABLE STATUS (TRIP QUTPUT ERROR MESSAGE)

EVENT
1
2
3

REMARKS:

ENDING TAPE RECORDER FOOTAGE FOR THIS SET OF DATA:

0720c 10-042388

RADIO FREQUENCY INTERFERENCE TEST DATA

TARGET: (CABINET POSITION)

CALIBRATION FILE:

FIELD STRENGTH LEVEL: (V/m)

TYPE OF ANTENNA: 6N°G PERIOOIC OR BICONICAL)
ANTENNA POLARIZATI (MORIZONTAL OR VERTICAL)

DATE:
TEST PERFORMED BY:

REVIEWED BY:

TAPE NAME:
TAPE SET:

"APE RECORDER START AT: (FOOT)

FREQUENCY: (MM2)

DIG/INPUT
00 0011
11 1100
00 0011

(EXPECTED TRIP OQUTPUY PATTERN)

FREQUENCY: (MHZ)

DIG/INPUT
00 0011
11 1100
00 0011

FREQUENCY: (MHZ)

DIG/INPUT
00 0011
i1 110
00 0011

(FOOT)

Figure €-13. RF] Modulation Test Data Sheet
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SECTION 7
ACCEPTANCE CRITERIA

7.1 DESCRIPTION

The general acceptance criterion for the 1E safety-related system is that the
system shall remain operational befcre, during, and after any one of the
abnormal everts descrised in Section S and listed below, Specific acceptance
¢riteria for the noise, fault, surge withstand capability, and radio fregquency
interference tests are defined in the following paragraphs.

7.1.1 Neise Test Acceptance Criteris

Tne Eagle 21™ system shall remain operational and maintain protective action
befere, during, and after any credible noise event described in section £.1

7.1.2 Fayult Test Acceptance Criteria

The Eagle 21~ system shall remain cperaticnal end maintain protective action
before, during, and after the application of any credible faults as cescribes
in section 5.2. Faults shall not propagate across the class non-1E to

laes 1E isolation barriar or from channe! to channel.

7.1.3 Surge Withstand Capability Test Acceptance (riteria

The £agle 21v systom shall remain operational and maintain protective action
before, during, and after application of the surge withstand test wave to the
designated class non-1E to class 1-E isplators as described in section 5.3.
In addition, no component damage or shift in calibration exceeding the
specified accuracy of the board under test shall occur due to the application
of the surge withstand test wave to any cabinet input/output excluding the
test panel and MMI communications connections.

0720¢ 15-061688 7<1



7.1.4 Radio Freguency Interference Test Acceptance (riteria

The Eagle 21™ system shall remain operational (i.e., continuous microprocessor
operation) while exposed to the redio freguency interference tests described
in section 5.4,

0720¢ 1b~061688 7-2




SECTION 8
TEST RESULTS

The results of the system noise, fault, surge, and RF] tests are based on the
acceptance criteria defined in Section 7. System performance during these
abnormal events is described in the ensuing sections., The results are
reported in tabular format at the end of this section.

8.1 NCISE TEST RESULTS

Tables B-1a through 8-1g report the results of the noise tests. Analog output
noise in all cases was coupled wire-to-wire from the non-1E cabling tc the 1

cabling or directly inte the analog output channel, The noise did not affect
analog input or digital output signal processing. Thus, protective action was

maintained before, during, and after all credible ncise events. In all cases
the analog output signals returned to normal upen remeval of the noise signal,

The test effects column of tables B-la through 8-1g reports the worst-case
aralog nutput signal shift for each test run,

A system performance summary is given below for each type of noise test:’

worst Case Shift in

Noise Test Anaiog Output Signals Resylts in Table
- _
Random

Ac Chattering Relay
Dc Chattering Relay
Mil-Spec Noise #1
Mil-Spec Noise #2
High Voltage Transient

Static | ] g &
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The ac noise sources (ac chattering relay and Mil-spec noise #2) produced
spiking on the analog output signal and an increase in tha background noise
leve). There was no recorded shift in the nominal dc value. The random high-
voltage transient and dc chattering relay noise sources piroduted & shift in
nominal dc value and an increase in background noise level.

8.2 FAULT TEST RESULTS

Tables 8-2a and B8-2b report the results of the line-to-ground and the line-to-
Ting fault tests. Class-1E isolation was maintained in all cases. Damage was
limited to components located on the nen-1E side of the isolator or the nea-lE
side of the isplation device. Analog output noise recorded was couples
wire-to-wire and was limited to & spike upon fault application in isolates
ingtances. No effects were observed on the system input processing or
trip/contact output processing subsystems. Thus, protective action was
maintained before, during, and after fault application. Sections 8.2.1 and
B.2.2 summarize the test results of the final board designs (see section 3 for
grawing references). Section 8.2.3 describes the board modifications required
and tables 8-22 and §-20 report the test results of the original board cesigns.

B8.2.1 Line~te-Ground Fault

System Performance Summary:

Effects on
Adjacent
Board Type Fault Voltage Channels Damage
Current Loop Output 125 Vac b o
10-50 mA 125 Vde
250 Vge
580 Vac
Digital Contact Output 125 Vac
125 Vde
250 Vde
580 Vac L i g
0720¢ 19-081688 8-2
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Effects on

Adjacent
Board Type Fault Veltage Channels
' Partial Trip Output 128 Vac [-
125 Vae

250 Vde
580 Vac

8.2.2 Line-te-Limy ult

System Performance Summary:

Effects on

Adjacent
Board Type Fault Voltage Charnels
Current Loop Output 125 Vae Ea
10-5C mA
12% Vee
250 Vvac
580 Vac
Digi+al Contact OQutput 125 Vac
125 Vde
250 Vde
580 Vac
s
0720¢ 1b~06" 688 8-3
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Effects on

Adjacent
Board Type Fault Voltage Channels Damage
Partial Vrip Output 125 Vac - ]
125 Vde
250 Vde
580 Vac

2,8

MOV = Metal Oxige varistor
SSR = Solid State Relay

B,2.3 Board Mogifications Keguired

Quring fault testing of the original contact output and partia® trip output board
designs, failures in transient suppression devices (metal oxide varistors, MOV) caused
component rupture and damage to adjacent channel circuitry. Since the fault test
scceptance criteria (section 7) state that adjacent channels shall not be affected by
faults applied to & non-1E channel, modifications were required. Applicadle fault
retests were performed following the board modifications. The modificatiens by board
type are summarizerd below.
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8.2.3.1 Partia) Trip Output (EPT) Board

The origina) EPT board design utilized 1ine-to-ground and line-to-1ine MOVs
[ ]‘b.c These MOVs failed ang
ruptured causing adjacent channe! demage upon application of 250 Vde and 580
Vac line- to-line and line-to-ground faults.

Design changes implemented to prevent MOV rupture are as follows, |

L&

For more information concerning the EFT modifications see Appendix A,
8.2.3.2 Digital Contact Output (ECC) Board

The original ECO board design utilized line-to-1line MOVs [

:'b.c These MOVs failed and ruptured upon
application of a 580 Vac line-te-line fault. Althougn there was no reccrded
gegracation in sgjacent channe) performance, MOV material was sprayed on
adjacent channe! circuitry., Since the EPT board experienced adjacent chanre!
failure due to MOV rupture, a des’gn change was img'emented to prevent MOV
rupture. [

]b.:

8.3 SURGE WITHSTAND CAPABILITY (SWC) TEST RESULTS

Table 8-3 reports the results of the SWC tests. No component failures
pccurred and there was no recorded changes in channel calibrations due to
application of the SWC test wave. Protective action was maintained before,
during, and after application of the SWC test wave to the designated class
non=1E to class IE isolators. Anzlog output noise recorded was coupled
through the associated input signal conditioning channel while the surge was
applied. Noise was radiatively, and conductively, coupled inte the input

0720¢ 16-081628 8-§
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chanrel., This conclusion is substantiated by the fact that noise was recorded
on the channe! under test as well as on adjacent channels. Trip output status
failures were caused by noise coupled through the NR RTD input channels,

Since the trip outputs are & function of the NR RTD inputs, erronecus trip
outputs did occur. In no case was a false triggering of a partial trir
contact output hardware mcdule recorded. In a)) cases these modules provided
the appropriate outputs per lcop calculation processor request., Thus, adverse
system performance was limited to the analog /0 processing subsystem, In all
cases, the analog [/0 processing subsystem returned te normal operation upon
removal of the SWC test wave. The Toop processor subsystem maintained
continuous operation before, during, and after all SWC test cases.

The test effect column of Table 8-3 reports the maximum racorded shift from
nominal of an anelog output signal for & specified test,

8.3.1 C(Common Mode Tests

System Performance Summary:

worst-Case Shift in Component Damage,
Type of 1/Q Bcarg Analog Output Signals Calibration Shift
. -

Wide-Range RTD Input
Narrow-Range RTD Input
KR RTD C-10V Input
Current Loop Input
10-50 mA, Active
Current Loop Input
10-50 mA, Passive
Current Loop Input
4-20 mA, Active
Current Loop Output
10-50 mA
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Worst Case Shift in Component Damage,

Tipe of 1/0 Board (cont) Anslog Output Signals Calibration Shifs

AL Input, Cabinet Power
Partial Trip Output
Pigital Contact Output B¢

8.3.% Transv rse Mode Tests

System Parformance Summary:

worst Case Shift in Componert Damage,
'L, ‘ \,": v hn Wo te Sg " \’ ;Liprlg&.'g. S""“.
wige-Range RTD Inmpyt ™ N

Nre -ow=lgrge RTD 'apit
wan RTD 0-10V Input
Current Locp Input
1050 mh, Active
Curront Loop Input
1050 mA, Passive
rrent Loop Input
4-20 mA, Active
Current _oop Output,
10-50 m
A Input, Cabinet Power
Partial Trip Output
Digital Cantact Output -

8.3.3 Board Mogifications/Retests

The digita) contact output and partial trip output boards experienced fatlures
during the fault tests. See section 8.2 for & report on the reguired board
modifications. These modifications were made to the transient voltage
suppression circuitry on these boards.
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The contact output board was retested to verify compliance with
IEEE-472<1974, Only trancverse mode transient suppression across open
cortacts was affected by the the modifications., Retests 557 and SE8 were
performed following the medifications to verify board performance.

The partial trip output board common and transverse mode transient suppression
cireuitry was wodified. An analysis was performed (eppendix A) in Viey ¢f
retesting and supports the eriginal SWC tests, S$13-516.

8.4 RADIO FREQUENCY (RF) INTERFERENCE TEST RESULTS

Tables B-da and B-d4b report the resu’ts of the RF modu'ation and keying

tests. In general, unalog output noise recorded was coupled through the
essociaten input signal conditioning channel., At isolated low freguencies
(100 MMz or Tass) some noise was coupled directly into the analog output
channel. Trip utput status fadlures were caused by noise coupled through the
NR RTD fnput channels. Since tre trip outputs are o function of the NR RTD
inputs, erronecus trip outputs aig sccur. In no case was a false triggering
of & partia) trip or contact output hardware modu'e recorded. In all cases,
these mosules provided the appropriete outputs per 1oop calculation processer
request, Thus, agverse system performance was limited to the ana'eg 1/0
processing subsystem. In o)1 cases the analog 1/0 processing subsystem
returned to norma! ope ation upon removal of the RF field. The 'oop processor
subsystem maintained continuous operation before, during, end after all
modulation and keying test cases.

The two noise coupling paths (input and output) produced different recordes
noise characteristics. The noise coupied through the inputs was most severs
st the s.art ang end of each freguency test run. The noise consisted of @
spike upon application of the RF field, followed by & poeriod of reduced noise,
and end.ng with a spike upon removal of the RF field. The keying test results
summary reports the worst-case transient analog output signal shifts, Noise
coupled directly into the analog output channe) produced & shift in the
nominal ¢. value and an increase in the background noise leve) throughout the
effected freguency test run,
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An adgitional test was performed to confirm that the nofse coupled through the
input channe! was radiativeiy coupled and not conductively coupled. The RF
signa) generator was used to inject an ac coupled RF signal directly into the
NR RTD input board with a nomina) de voltage appiied to the input. The
man-maching interface termina) was monitored during the noise injection and ne
offert on the input signal was observed. |

]b.c

The test effect column of Tables 8-da and B-40 reports the marimum recorded
shift from noming! of an analog output signa) over the freguency range
specified and reports the frequencies et which trip output stetus fai'ures
peeurred.

'0‘-1 M 7 1 HT
System Parformance Summary:

worst-Case Shift in
FPi'h g Ara) tout Signal

-

——

20 - 160 mm2
160 - 509 Mrz

800 - 1000 Mz ek

b.¢
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iABIT B-la
RANDOM NOISE TESTS
(ANTENNA COUPLED)

Test Type of Test
Number 1/0 Board Effect
NI Partial Trip Output : 1
N2 10-50 wA Current Loop Dulput
N3 Digital Contact Output

NG, OC
N4 Digital Contact Ou'put

NO, SC
N5 Pigital Contact Output

NC, OC
Nt Digital Contact Oulput

P A L J b,c
ACS = Analog Outpur Sigmal Shifts OC = Open Circwit NO = Normally Open
TOF = Trip Ouiput Failures SC = Short Circuit NC = Normally Closed
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TABLE B 1b
AC CROSSTALK NOISE TESTS - CHATTERING RELAYS

Jest Type of

Sabor 1/0 Board
N7 Partial Trip Ouiputl, Ant Co.
L) Partia! Trip Output, Dir Co.
NG 10-50 wA Current loop Outpul, Ant Co.
N10O 10-50 mA Current lLoop Ouiput, Bir Co.
N1l Digital Comiact Output, NO, OC, Ant Co.
N12 Digital Contact Ouiput, NO, SC, Ant Co.
Ni3 Digital Contact Output, NO, Dir Co.
N14 Digital Contact Output, NC, OC, Ant Co.
NI1S tal Contact Output, NC, ST, Aat Co.

fest
Effect

) Jd b,c ‘

AOS = Analog Output Signal Shifts OC = Open Circuit NO = Normally Open
TOF = Trip Output Failures SC = Short Circuit NC = Normally Closed

won

Ant Co. = Antenna Coupled
Dir Co. = Direct Coupled

0728c Th 061688



£1-8

TABLE 8-1c
DC CROSSTALK NOISE TESTS - CHATTERING RELAYS

Test Type of Test
Number 170 Board Effect

16 Partial Trip Output, Ant Co. ! 1

Ni7 Partial Trip Output, Dir Co.

Ni8 10-50 mA Current Loop Ouiputl, Aet Ce

NiS 10-50 A Current Loop Output, Dir Co.

N20 Digital Cortact Oulpul, NO, OC, Ant Co.

N21 Bigital Contact Ouitput, NO, SC, Ant Co.

N22 Digital Contact Output, K2, Bir Co.

N23 Digital Contact Outrutl, NC, OC. Ant Co.

N24 Digital Contact Output, NC, SC, Ant Co.

- -4 b.c

Open Circuit NO = Normally Open Ant Co. = Antenna Coupled
Shert Circuit NC = Normally Closed Dir Co. = Direct Coupled

AOS = Analog Output Signal Shifts oc
T0F = Trip Output Failures SC

LU L)
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N3
K32
N33
N3e
N35
N5

Type of
1/0 Board

Partial Trp Output

10-50 mA Current Loop Dulput

TABLE B-le
MILTTARY SPECIFICATION
NOISE SOuRCE #2 TESTS

(ANTENNA COUPLED)

Digital Contact Ouiput, NO, OC

Digital Contact Dulput, NO, SC

Digital Contact Output, NC, OC
Digital Contact Output, NC, 5C

OC = Open Circuit
SC = Short Circuit

0720c 1b- 061688
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Normally C) sea







TABLE 8- 1g
STATIC NOISE TESTS

Test

§

N43

NAS

LL

(-8

23 %

Type of Test
1/0 Board Effect
Partial Trip Output, Ant Co. i )

Partiar Trip Oulput, Dir Co.

10-50 A Current Lcop Ouiput, Ant Co.
10-50 A Current Loop Ouiput, Bir Co.
Digital Comtact Oulput, NO, OO, Ant Co.
Digital Contact Ouiput, NO, SC, Ant Co.
Digital Contact OGutput, NO, Dir Co.

Digital Contact Output, NC, OC, Ant Co.

OC = Open Circuit
SC = Short Circuit

Digital Contact Output, NC, ST, Ant Co. L o ia
N0 - Normally Open Ant Co. = Antemna Coupled
NC = Normally Closed Dir Co. = Direct Coupled

0726c Ih 06688
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Test voltage
Mo Level
¥ 125 vAC
£2 125 VAC
3 125 vbC
Fa 25 v
s 129 VOO
LR 125 vIx.
(3 250 Vil
(2] 250 v
9 250 vod
¥ 10 7%0 vOC
F1 580 VAL
F12 580 wAC
F13 250 voC
ris 250 v
15 250 v
Fi6 250 vDC
7 580 VAC
F18 S80 VAC
F1i9 12% VAL
£20 125 VaC
L) 12% vinC
£22 25 vinC
¥23 125 v
F24 125 voC
e ¥ 5 250 vOC
e 2 250 vOC

Cur rent
Current
Lurrent
Ciw rent
Cur rent
Lurrent

Current
Cur rent
Current
Current
Cirrent
Digital
Digital
Digitat
Digitat
Digttal
Digttal
Partiai
Partial
Fartiat
Parttat
Partial
Parttal
Fartial

Partial

:

H

:
55533

i
5333

Trip Gutput . EN

FL9LE9 Q0K EY

TAP'E B 272
LINE GROUNED FAM T TESTS

Wy
toop Sutpet | 10
+ W

priiaesee}

5 & & SEES S & SN

to

RERERE

g
i
o
(R
"

£%
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TAME & 22 (Cont inuea )
L ENE  GROMD £ AN T FESTES

Test voltage
No. Level
“*27 250
*F29 7250 voC
¥29 750 voC
30 250 v
3 250 VDO
F32 250 voC
Fa3 250 vl
Fle 2%0 v
35 250 v
Fa6 250 v
F37 580 VAC
Fas 580 val
39 S0 VAC
fao S80 val

Fa i

Partial

Partial
Partias
Partial
Partial
Partiat
Partiat
Partial
Partial
Partiat
vartial
Partial
Partiail

Type of Test
i/0 Boara Connedt tons
Trip Gutpest . IN * to 0
Trip Dutpat, N to 1O
Trip Ustput . DEN ‘o W
Trip Ostiput | N * to MW
Trip Dutpuat | N 1o Wi
Trig Oultput, N to wi
Trip Output | N - te 10
Trip Dutput . Pin to 10D
Trip Outpul . I8 . to 0
Trip Dutput | M~ “ to L0
frip Dutput ., N N to 10
Trip Dutput | OFN et
Trip Dutput | N oo Wi
Trip Output . BiN ¥ oto Mt

fffects on
Adjacent Thamnels

* = losts of original partial trip output board design
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Test

Fa2

Fa3
Fas
Fas
Fas
ray

.q.

51
F52
¥53
¥se
55
FS6
5>

k58

59
60
61
62
53
FHa
65

Voltage
Leve!

12% VAC
125 viC

125 vaC
750 v
750 voc

E8U¥sna SREEYIRGG Y €
il

REARARAR RAARAARAR 2

Current
Current

Current
Current
Current
Current

Digital
Nigtral
Digtral

oigital
Digteran
Digital
Brgital
Digital
Digita?
Digital
Gigital
orgitad

Digital
pigita)
Digital
Digrtal
Dig 2t
pigital
Digtiat

170 Boare

Loop Dutput
Loop Outpet |

toop Omiput
Loop Ouiput
Lomaps Onst pest |
toop Output

Tamet &

LINE - 104 1 TESIS

Contact Output N
Contact Outpest N
Comtact Dutpet &N

Conmtact Nutput | N
Contact Dutpast | EN
Contact Dutput | N

Comtac! hatput N
Contact Gertppat W
Contat Dutput N

Contact Oulput
Contact Oatput
Comtact Output

Tontact Dutpest |
Contact Dutput
Cont act Outpust |
Comtact Outpet |
Contact Dutpet |
Contact Output |
Cont act st |

Test
Compnes t Yoms
0 S0 mA o to * N0
1050 mA * o, - to
0 S0 mA o ¢, ¢ o -
N0 mA *fo %, -~ -
0 50 mA to ¢, * to
W0 S0 mA Hito* NI
S oM, - o C
fo N * 1o C
Htow_ Nio
o ilo M) W to C
“ towN), - to €
ter 9B+ to €
- o NG e C
tor W+ o €
to NE. N to C
DEw ¢ toNl, - to C
"N - fto WMl ¢ to
“N M toNE NI C
e HitoN, NI
;N ‘s teN, - ol
N - toNC, ¢ o C
N S toN, - teC
mEw - to N, * to C
™ N HioN, NitoC
RN M to N N to O







229

3

LR R R R R R HV R
BN BUN-

WA
- -
HN-&

S1e
515
516
s17
SR
s
520
sn
522
523
54

525

526
527

528
529

S30
531t

*534

. 6720c 1b OEISER

Prattat
Digttat
Digrtal
Dittal
Digttal
Digrtal
Digital
Digital
Higital
Biattatl
Bigital
Dtgital
Partial
Parital
Partial
Partial
Current
Current
Cusr v oot

TAmE 8 3
CHRGE WITHSTANG CAPASIL(TY (SwC) TESTS

Type of
/0 Suarg

Cont act Gutpat
Comtact Output |
Contact Dutput |
Contact Output |
Comt act Dulput |
Comtact Owtout |
Cont act Deatpent |
Tomtact Dutput
Contact Dulput
Contact Outpest |
Comtact Outgst |
Cont a3t Dutpot |
Trip Dutput | N
Trip ODutpat N

Tetp Dutout |, DFN
e Dutput | EN

toop Dutouwt | ¥

fomms etk | MO

Current ioop Output |, WO

wige Range R'D
wide Hange B0
wWide Range 210
wide Range HID

wide Range RTH

wWide Range #TD
wide Range R1D

wide Range RID

wige Range E1D
Wide Barge RID

0
tooe Dutpst 10 S0
w0
0

Engart
Engrat
Tnpat
Togaat

Tnput

1nput
Tngmat

Tnput

1nput
1oput

Narrom Range RID Tnput
Marrom Range RIR Input

Rarrow Range RTD input

Narrow Range RID ioput

"N
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AR E B 3 (cont tomed)
SURGE WITHSTAND CAPARILITY (SWC) TFSTS

Test Test Type of fest Test
No ode 1/0 Boara Conney t tons Effect
.53 TRAN, Aarrow Range RID Trgut ve_ ¥ i
*$I6 TRANS Narrowm Range BTD Topwat L L
S37 Nacrowm Range RTD Input v, v, ¥, -
538 TRANS Marrom Range RTD Inpest ve ¥
39 TRANS Narrow Range RTD Inpet e, B
*540 - Narvow Sange BTD Dopet L L R S
541 TRANS Marrowm Range WID inpuwt LA =
542 THRANS Narrow Range RIT Inpest is_ 3
549 Cim Narrow Range &Ip Input w_ ., e 3=
“aa (s WR BTD O WW Inpat 1 4
Sas TRANS e RIPD O WV ingeast s/
Se6 o Current 1oop Input . ¥ S0 sk act LS* /i ne
sa7 = Courrent Loop Inpet . W50 mA act LS*, L8e LS, L2-
Se8 TRANS Current Loop Input . 1050 mA, act L5, 1S
549 TRANS Current Loog Inpat | 10 50 mA act Lis, i~
$50 TRANS Corrent Loop lopat . 0O - 50 s& . act LS, 11»
551 Cim Current Loop Tapul | 1050 =A. pass LI 11
552 1 RANS Corrent Loop Input . 10 %0 ma. pass Lt 2
553 i Current Loop input, € 20 s&, act Eie, 4T
554 TRANS Current toop Ingut, 4 20 i, act L8 L W |
555 ARt J AC Ioput | Cabiinet Power N
556 TRANS AC Input . Cabinet Power N
557 TRANS Digita! Comtact Gutput N N
*558 TRAN Digital Contact Dutput NN NE/C i
* = Tests performed a1t 60 WZ repet it ion rate
** =« Test performed at S0 M7 repet it ton rate
+ = Retesis regquired due 1o Zoxif icat tons made dur ing fauit testing
A0S - Analog Dutput Signal Shifts M = Morsally Open IN = Inergtred
TOF irip Output Faltluwes Mo Mormally Close) NN - Deenecgh red

S Loy Supply At At bue
1

i
] * Lowp bogeat Fass - Passive

P —
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Test
Ny

RF 27

(2-8

Flela

Strength
W V/m

W0 Ve

10 ¥/m

10 V/ie

0 V/m

W ov/m
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TARE A 43 (Continued)
RADIO FREDAUTNCY MGIMN ATION TEST RESILTS
(AL RESIN TS WITH CABINET DONES CLOSED)

frequency Sand{¥NZ) Aantenns Type

500 - 000
20 - %O
160 - SO0
500 10005
20 - 60
20 - 60

106G PERIODIC

BICONICAL

LOG PERIOBIC

LG PERIDDIC

BICOMICAL

BICONICAM

(Cabinet Side)

Polar 173t ton Target Test Effect
vERT G [
vERT LIF
w7 LEFTY
HORZ LEFT
ez RE AR
ViR 2t AR
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SECTION 9

CONCLUSION
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§.2 FAULT TESTS

The protective action of the Eagle Z1v system was not effected by the
injection of credibie faults into the designated class non-1E to class IE
isolators. Analog output signal nofse recorded was coupled wire to wire ant
consisted of a noise spike of 0.88% or less upon fault applicecion. Ne charge
in the nominal OC value of the analog output signal was recerded. These noise
spikes will not affect monitoring eauipment,

§.3 SURGE WITHSTAND CAPABILITY (SWC) TESTS

The pratective action of the Fagle 21™ system was not affected by the
application of the surge withstand test wave to the designated ¢less non-lf to
class~1E s0taters. In agdition, ne componert damage octurred and ne chanjes
in channe! calibrations were recorded due to the applicetion of the surge
withstong test wave to any cabinet input/output under test.

§.4 RADID FREQUENCY INTERFLREWCE TESTS

The Eagle 21~ system remained operations) while exposed t¢ radio freguent)
interference (RFI) . Anglty 1sput/cutput processing and protective action
functions were affected but de istrated Tul) recovery upon remcva! of the
RF1.  To aveld proection system perturbations, Westinghouse recommends trat
the Eagle 21™ system eguipment room(s) be “2oned” to pronibit the use of
transceivers in the 20-700 MMz band.

OT0c Yo 08 AN

8-2




APPENDIX A
PARTIAL TRIP OUTPUT BOARD SURGE WITHSTAND CAPABILITY ANALYSIS

Performed by: R, Nero, Westinghouse

7200 194081 008
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To substan.iate the cecision not to rerun the SwC tests (IEEE-472-1874) ¢n the
EPT 1/0 board, aralysis was performed with a circuit analysis program

( ]b.c‘ The analysis confirms that the passive surge network
attenuates the surge wel) below the requirements. The analysis was run worst
cese for both the common mode and differential mode surge congitions, Worst
case for both modes is that no MOVs are installed, &1 outputs are
desnergized, and the outputs are not lcaded.
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B.1.1.2 Performance Specifications
B.1.1.2.1 Analog Input Characteristics ==
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B.1.2.2 Performance Specifications
B.1.2.2.1 Analog Input Characteristics --
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B.1.2.2.2 RTD Reference Characteristics =~

B.1.2.2.3 Power Supply Requirements -~
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B.1.3 Eagle Partial 'rip (EPT) Signa! Conditioning Board

B8.1.3.1 Functional Description

[The four EPT channels are fail-safe in that the failure of the loop processor
subsystem causes the channels to trip after a brief time-out p.riod.)c In
most applications, the EPT receives input signals from the class 1E LPS and
sends output signals to the class 1E voting logic systems (SSPS or relay
logic). In these applications it is not a class 1E isclation barrier.

However the EPT has been classified as a class 1E 1sclation barrier for
possible future applications.
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B8.1.3.2 Performance Specifications
B.1.3.2.1 Digita) Output Characteristics -~

F.

B.1.3.2.2 Power Supply Reguirements --
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B.1.4,2 Performance Specifications
B.1.4.2.1 Contact Qutput Characteristics =--

B.1.4.2.2 Power Supply Requirements --
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B.1.5 Eagle Analog Output (EAD) Signal Conditioning Bosrd

B.1.5.1 Functional Description

2. Provides class 1E isolation for current loop signals sent to field
receivers such as control board indicators and process contre! loeops
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B.1.5.2 Performance 3pecifications

B.1.5.2.1 Analog Output Characteristics =-

B.1.8.2.2 Power Supply Reguirements ==
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B.2.1.2 Performance Specifications

B.2.1.2.1 Power Supply Regquirements --

-

- P,

B.2.2 Analpg to Digital Converter (ADC) Boarg

B.2.2.7 Functiovna) Description
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B.2.3 Loop Calculation Processor {LCP) Board

B.2.3.1 Functional Daescription
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2.3.2 Performance Specificat
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B.2.4.2 "erformance Specifications

B8.2.4.2.1 Power Supply Reguirements ==

= =

- Jb|'

-

8.2.5 Digital-to-Analog Convertar (DAC) Board

B.2.5.1 Functional Description

——
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B.2.5.2 Performarte Specificitions

8.2.5.2.1 Electrical Specifications =-

po—
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B.2.7.2 Performance Specification

B.2.7.2.1 Power Supply Requivement (es shipped) =+
[~ N

— - b.¢c
B.2.8 Test Seguence Processor (TSP) Board

B.2.8.1 Functiona) Description

-

e
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8.2.10 Test Subaysten Digite] Input/Outpyt (TS0I0) Board
8.2.10.1 Functional Description
LELU S A
B-27

8.2.9.2.2 Power Supply Reguirements
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B.2.10.2 Performance Specifications

8.2.10.2.1 Power Supply Reguirements -~

ﬁ
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NOISE TEST PROCEDURE
FOR
EAGLE-21 PROTECTION
SYSTEM
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0 Adjust the high adjust potentiometer so that channe)
TE-441A3 reads 618.2614/-.375 Deg f on the MM],

0 Verify that the TAVG MMI reading equils 589.740 + .2 Deg f.
Verify the following actual bistable output status:

TS/441C = Kot Tripped
TS/4416 « Not Tripped
TS/4410 « Not Tripped
TS/441H « Not Tripped
TS/4420 » Tripped
TS/4426 = Tripped

Obtain a printout of the Delta T/TAVG system analog
fnputs, analog test points and comparator information MM]
screens.

0 Close the manual switch input to the variable RTD board.

0 Acjust the low adjust potentiometer so that channe)
TE-441A3 reads 615.501+/-.375 Deg f on the MM!,

0 Verify that the Delta T MMI reading equals 104.237-.3PU.
Verify the following actual bistable output status:

T$/1441C « Tripped
TS/14416 « Tripped
TS/14410 = Tripped
TS/1441H « Tripped
TS/14420 » Not Tripped
T5/14426 = Not Tripped

Obtain & printout of the Delta T/TAVG system analog
fnputs, analog test points and comparator information MMI
screens,

3137N:4




0 Open the manual switch input to the variable RTD board
and record the results. Obtafin MMI printout of analog
fnput information and record analog input/output resadings
vie data logger printout.

2.2.3 Set the function generator output to the variable RTD board
(see figure B-3) in the positive square wave pulse mode with
8 0-5 volt amplitude at .OSHZ and a duty cycle of
approximately 10%,

¢.2.4 Close the recorder start switch and verify that the trip
output signals switch upon receipt of the function generator
switch signal (positive square wave pulse).

3.0 NOISE TEST PROCEDVRE SEQUENCE

The noise test sequence described below wil) be followed for each noi.e
test type specified in "cctions 4.0 through 8.0,

3"

3.2

’l’

3.4

3137N:4

Pretest

Obtain a data logger printout of *normal® analog inpit/output and
digital output values.

Disconnect data lo,_** and verify "antenna® connections and
configuration for each injection point per Attachment A.

Connect the noise source and verify the readiness of the data
acquisition system. Enter identifying records in tape recorder log
and nofse test data sheet (figure 1-6). Follow the test specific
instructions given in Sections 4 through 8.

Disconnect the data Togger, close the recorder start switch, start
the tape recorder and record 2 minutes of pretest data. Simultane-
ously energize the nofse sources and close the event marker switch.
Record 2 minutes of data with the nofse source applied. Observe the
strip chart recorder and record and analog output signal deviations

C-6






1.0 INTRODUCTION

This procedure details the electrical interference "noise” tests to be
applied to the Lagle-2] protection system.

These test: will consist of applying the following noise sources to the
antenna/non-class 1€ wiring and measuring the effacts on system
input/output processing.

Rancum Noise

Crosstalk Noise

Mil N19900 Noise

High Yoltage Transient Noise
Static Noise

c © ¢ o ©

The test configuration is documented in Attachment B.

2.0 PREPARATION FOR TEST

2.1 Connect the field cabling to sensor simulation, load simulation, and
contact output loads per Attachments B, C and table 1-1.

2.2 Obtain system baseline data:

2.2.]1 System baseline data will be taken to verify system
operation. Input voltage and current and resistance values
corresponding to 0 - 100% of scale in 25% increments and
record. Obtain MMI printout of analog input information and
record analog input/output readings via data logger printout.

2.2.2 Set signal inputs per table 1-1. mdjust analog input
signals, using the MM] to obtain the expected engineering
unit values specified in table 1-1. Using figure B-6 as a
reference, adjust the variable RTD channel per the following
procedure:

© Open the manual switch fnput to the variable RTD board.

C-4
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Adjust the high adjust potentiometer so that channe)
TE-441A reads 618.2614/-.375 Deg f on the MM].

Yerify that the TAVG MM] reading equals 589.740 + .2 Deg ¢.
Verify the following actua) bistable output status:

TS/441C « Not Tripped
TS/4416 « Not Tripped
TS/4410 « Kot Tripped
TS/441H = Not Tripped
TS/4420 » Tripped
TS/M426 « Tripped

Obtain a printout of the Delta T/TAVG system analog
fnputs, analog test points and comparator information MM]
screens,

Close the manual switch 1nput to the variable RTD board.

Adjust the Tow adjust potentiometer so that channel
TE-441A3 reads 615.501+/-.376 Deg f on the MMI,

Verify that the Delta T MM] reading equals 104.237-.3PU.
Verify the following actua) bistable output status:

TS/1440C » Tripped
TS/14416 = Tripped
TS/1441D = Tripped
T5/1441H = Tripped
7S/14420 « Not Tripped
T5/14426 = Not Tripped

Obtain a printout of the Delta T/TAVG system analog

inputs, analog test points and comparator information MM!
screens.

Ce5



0 Open the manual switch fnput to the variable RTD board
and record the results. Obtain MM] printout of anelog
fnput Informition and record analog input/output read

via data logger printout

2.2.3 Set the function generator outzut to the variahle RTD board
(see figure B-3) in the positive square wave pulse mode wit!
¢ 0-5 voit amplitude at .OSHZ and & duty cycle of
spproximately 10%

2.2.4 Close the recorder start switch and verify that thy trig

output signals switch upon receipt of the function generat

~

switch signal (positive square wave pulse)

| 2R

3.0 MOIGE 1431 PROCEOVRE SEQUENCE

The noise test senuence described below will be followed for each noise

test type specified in Sections 4.0 thraugh 8.0

3.1 Pretest
Obtain a data logyer printout of *normal® analog input/output and
digital output values.

3.2 Disconnect data Togger and verify “antenna® connertions and
configuratien for each injection point per Attachment A

3.3 Connect the noise source and verify *he readiness of the data
acquisition system, Enter identifyirg records in tape record: r log
and ncise test data sheet (figure 1-6). Tcllow the test specific
instructions given in Sections 4 through 8.

3.4 Disconnect the data logger, close the recorder start switch, start
the tape recorder and record 2 minutes of pretest data. Simultane-
ously energize the nofse sources and close the event marker switch
Record 2 sinutes of data with the noise source applied. Observe the
strip chary recorder and record and analog output signal deviations

J137N:4
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3.6

wd,or trip output rtatus fatlures. A trip cutput status failure is
d7fired as o fatiure of a trip output signal tu switéh upon reciipt
af the switch signal from the test station. Remove th: noise source
unt open the event marker switch, Record 2 minutes of post test
dca and open the recordsr start switch and stop the tape recorvdur.

Nbtain a data logger printout and confirm system recovery by
comparing to pretest dala. Racord any discrepancies.

With the system confirmed to be in the pretest condition, gproceed to
the naxt tast.

4.0 RANDOM NOISZ TEST

4.1

4.2

Connect the | ly . randot noise generator

to the ENI 240L power amplifier #s shown in figure 1.1, Conrect the
center conductor of the power umplifier to one conductor oY the
antenna. Terw.nate the cebinet end of the antenna to an unused
frternal block connection.

Follow the instructions given for antenna coubled tests given in
TaMle A-2u. Follow the test sequence uescibed in Section 3 for
eacn chirnel designited ir Table A-2a.

5.0 (ROSSTALK NOISE TEST

5.1

2.2

§.3

313IN: 4

Connect the 125 wolt Df chattering relay to the antenna assembly as
shown in figure A-2a. Short the cabinet end of the antenna across
an unusey terminal block connection. Terminate and load the non-lE
test cable s specified in Table A-2a.

Follow the test sequence described in Section 3 for each channe)
designated in Table A-2a.

Repeat .1 and 5.2 above using a 118V AL chattering relay.
(figure 1-2b)

c.?
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6.0

7.0

5.4 Disconnect the cabinet end of the antenna and terni ate across the
first set of terminals shown in Table A-2b. Disconnect the i1solator
wiring and short the wires specified in Table A-2b.

$.5 Follow the test iaguence described in Section 3 for each channe)
designated in table A.2b.

§.6 Repeai. 5.4 and 5.5 avove using & 125 volt DC chattering relay.
(figure 1-2b)

MILNI8900 NOJSE TEST

6.1 Coane:t “"rofse source 1" to the antenna assembly as shown in figure
1:3, Short the cabinet end of the antenna across an unused terming)
olock connection, VYerminate and load the non-1E test cable as
specified in Ti e A-24.

6.2 Follo ne test sequence described in Section 3 for each channe!
des.y d in Table A-2a.

6.3 Repeat 6.1 and 6.2 above using "noise source 2." (see figure 1-3)
SURGE TRANSIENT GENERATOR
7.1 Connect the [ ‘b.c surge generator and |
]b.c fsclation network as shown in figure 1-4. Terminate
the cabinet end of the antenna across 150 ohms. Terminate and load

the non-1E test cable as specified in Table A-2a.

7.2 Follow the test sequence described in Section 3 for each channe)
designated in Table A-2a.

C-8
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8.0 SIATIC NOISE TEST

‘ 8.1

'02

8.3

8.4

313N 4

__—-—-——n——‘ N —

Connect the 580 VAC static nofse so'r ¢ (0 the antenna assembly as
shown {n figure 1-5. Terminate the cuoinet end of the antenna
across two separate (open circuit) urused terminal block
connections, Terminate and Joad thy mon-)f test cabie as specified
in Table A-Za.

Follow the test sequence desiribed in Sertiun  fur eaci channe!
designated in Table A-2a.

Disconnect the cabi.et end of t ¢ antanr  and terninate across the
first set of terminals uhown ir table A-2b. Disconn ~t the isolator
wiring at the termination frame and o circuft .ne wires as
specified in table A-2b.

Follow the test sequence described 1 Section 3 fur each channe)
designated in table A-2b.

C-9
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(See figure 5-4a of WCAP test report)

Figure 1-2a Crosstalk Nofse - Chattering dc Relay Test Connections

(See figure 5-4b of WCAP test report)

Figure 1-2b Crosstalk Noise - Chattering ac Relay Test Connections

J13IN:4






(See figure 5-6 of WCAP test report)

Figure 1-4 High Voltage Transient Noise Test Cirections
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9.0 ACCEPTANCE CRITERIA

9.1 Description

The acceptance criteria for the Eagle 21 (1E Safety Related System) is
that the system shall maintain protective actions before, during and
after the injection of credible nofse into or adjacent to the class
non-1E wiring.

C-15
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EAGLE-2) NOISE TEST REPORTY

TEST TYPE/PROCEDURE NUMBER(REV)
DATE
NOISE INJECTION CHANNEL NUMBER/TAG NO.

DATA LOGGER PRINTOUT:
(PRETEST/POST-TEST)

BISTABLE PERFORMANCE (PASS/FAIL):

REMARKS /OBSERVATJONS :

ANALOG OUTPUT PRETEST NOISE APPLIED
NAMEZJAG MO, . DCYALVE P-P NOISE RCYALVE  E-P NOISE %DV

PIR VAP/T454A
NR TEMP/T4A]L
NR TEMP/THA]K
¥R PRE/P40BB
TAPE SET:

TAPE FOOTAGE:
(PRETEST/TEST/POST-TEST)

REMARKS /OBSERVATIONS :

PERFORMED BY/DATE:

Figure 1-6. Noise Test Data Sheet

C17
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NOTE

ATTACHMENT A

NOISE INJECTION *ANTENNA® CONNECT

The antenna for noise injection 1s to be a 4C

unshielded, non-twisted two conductor cable bundled

1E test cable The class non-)

-
—~
o
-
=
-

non-shielded twisted pai~ cable The anter

cabling 1s separated from the class-)E cat
cabinet The antenna, class-1E and class

pundied together inside the protection cat

B-2 for entenna placement

¢ attachment contains the following tat

C Table A-la Noise Infection Fie

(Antenna Coupled

3137N:4
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TABLE A-la

NOISE INJECTION FIELD CONNLCTION (Antenna Coupled)

COMNECT NON-1E TEST CABLE TO

CONNECT
Channel 1/0 Channel Terminal Terwinal I:olator 1/0 Board 1OAD TO
’ Description Tag # Bleck Comnection Type Lecation/ MNON-IE TESY
Hi ie Sh Channel # (PBLE
1. Bistable Partial Trip 175/442¢ 13- 1 2 Class non 1E/1E  137-10/1 40 ¥att
Is ‘lation Light Bulb
Bar.fer
2. Analog Output IPY/408A 13-% ¢ 5 6 Class ww 1E/1IE  137-16/2 600 OkMS
Isolation
Barrier
3. Contact Output (No) ITY/441A 3. 7 8 Class mon 1E/1E  137-12/2 Oper
Iselation Circuit
Barrier
4. Contact Dutput (NC) ITY/e4ja 13-m 7 8 Class non 1E/1E  137-12/2 Open
Isolation Ciccuit
Barrier
5. Contact Output (Mo) TY/4410 13 m 7 8 Class non 1E/1E  137-12/2 Shert
Isolation Circuit
Barrier
6. Contact Output (Nc) TY/441A 13-0 7 8 Class mon IE/1E  137-12/2 Short
Isolation it

Barrier

*Move wire terminated on 137-12-6 to i37-12-7 to test NC configuration.

3137N:4



TABLE A-1b
NOISE INJECTION FIELD CONNECTION (Direct Coupled)

DISCOMNECT
Channel I/0 Channel Terminal Connect Isolator I/0 Board WIRES AT
i Cescription Tag # Block Artenra to Type flocation/ TERMINATION
Hl e Channel # FRAME
1. Bistable Partial Trip 17S/442¢ 13- 1 2 Class nom 1E/1E  137-10/1 2,3
Isolation
Barrier
2. Analog Output 1PY/408A i3-N 4 5 Class nom 1E/1E  137-16/2 s, 7
Isotation
Barrier
o 3. Contact Output ITY/4417 13-m 7 8 Class mon 1E/1E  137-12/2 5, 6
~ Isolation
Barrier

WIMIN-2



ATTACHMENT B
FIELD ©CNNE™TONS AND SIMULATION

This attachment contains the fullowing figures:

o Figure B-) Noire Test Setup (Antenna Coupled)

o Figure B-2 Noise Test Setup (Direct Coupled)

o Figure B-3 Strip Chart Recorder/Function Generator Connections
0 Figure B-4 4-50 wA Transmitter

o Figure B-5 ¥Wide Range Resistance Temperature Detector

o Figure B-6 Harrow Range Resistance Temperature Detector

o Figure B-7 10-50 mA Current Loop Output Monitoring

¢ Figure B-8 Contact Output Monitoring Cunnection

o Figure B-9 Partial Trip Output Monitoring

Cabinet Configuration Information:

The cabinet under test, Qualification Unit 2, is an exact replica of Watts Bar
Nuclear Power Station Protection Rack 13. The followiny drawings document the
cabinet configuration. Copies of these drawings will be incluie) as part of
the final test report.

Rrawing Description Prawing Number/Rev.

Terminal Block Wiring Diagram, 1-47043 PW-13, rev. 3E
Protection Set 4

Process Contrcl Block Diagram, 1080408 sh. 10, rev. 11
Delta T/TAVG System

Process Control Block Diagram, 108D408 sh. 34, rev. 8
W.R. S.G. Level

Process Control Block Disgram, 1080408 sh. 38, rev. 4
Pressurizer Liquid/Vapor Temp.

3137N:4



Process Control Block Diagram, 108D408 sh. 39, rev. §
RMR Pump Discharge Temp

Process Control Block Diagram, 108D408 sh, 43, rev. |
CS Wide Range Pressure

Eagle-2] Schematic Diagrams, 1856E69 sh. 2, rev. 2
Rack 13 Protectior “et 4

3137N:4










Figure B-3 Strip Chart Recorder/Function Generator Connections
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(See figure 6-4 of WCAP test report)

Figure B-4 4-50 mA Transmitter
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(See figure 6-6 of WCAP test report)

Figure B-6 Narrow Range Resistance Temperature Detector

C-30
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{See figure 6-7 of WCAP test report)

Figure B-7 10-50 mA Current Loop Output Monitoring

Ce3T
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(See figure 6-9 of WCAP trst report)

Figure B-8 Contact Output Monitoring

C-32
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ATTACHMENT €
TRANSIENT DATA RECORDING SYSTEM CONNECTIONS

This attachment contains the following:
© Table C-1 Tape Recorded Data
o Table C-2 Data Logger Recorded Data

0 Table C-3 Strip Chart Recorded Data

C=35
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TABLE C-1

. -APE RECORDED DATA
Channe! Recorded Tag Terminal Terminal Buffer
B Signal ’ Block Connection Amplifier

Hi Lo Sh Gain

s Bistable Partial Trip 175/442D 13M 3 B .05
. Bistable Partial Trip 175/4426 13-M 1 2 .05
3. Bistahle Partial '"~ip I7S/441C 13-L 1 2 .08
4. Bistable Partia)l Trip 17S/4410 13-L 3 ‘ 08
5. Bistable Partial Trip 17S/44]H 13-L 7 8 .05
6. Jistable Partial Trip ITS/4416 13-L 5 6 .08
¥ s Contact Output 1TY/44) 13-M 5 L .02
8. Analog Output E/I ITY/454A 13-6 4 5 6 10
9. Analog Output E/I ITY/44]L 13-n 7 10 11 10
10, Analog Input I/E IPY/458Q * 10
11. Analog Output E/I ITY/441K 13-K 1 ¢ 5 10
12. Analog Input 1/E IPY/408 . 20
13, Analog Output E/! 1PY/4088 13-N 7 8 9 10
14. Function Generatnr Sig. N/A e 0%

*Measure current across 20 ohm transmitter test resistor. See figure B-4,
**Monitor functicn generator output signal. See figure B-3.
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TABLE C-3

Channel  Recorded Tag Terminal Termina) Buf feress
’ Signal B Block Connection Amplifier
Hi Lo Sh Gain

i Function Generator Sig. N/A b 0%
2. Bistable Partial Trip 1TS/4420 13M 3 ¢ .08
3. Bistable Partial Trip 17S5/4420C 13-M 1 2 .05
4. Bistable Partial Trip 1T7S/441C 13-L l 2 .05
5. Bistable Partial Trip ITS/441D 13-L 3 B .08
6. Bistable Partial Trip 17S/441H 13-1 7 ] 0%
7. Bistable Partial Trip I75/441G 13-L 5 6 .08
8. Analog Input E/E INY/44]8B 13-C l 2 3 2.0
9. Contact Output 1TY/44] 13-M 5 6 02
10. Analog Output E/I 1TY/4544 13-6 i 5 6 10
1l. Analog Cutput E/1 ITY/441L 13K 7 10 11 10
12. Analon input 1/E 1PY/4580 ¢ 10
13. Analog Output E/1 ITY/ /441K 13-K 1 4 $ 10
14, Analog Input 1/t 1PY/408 * 20
15. Analog Output E/] 1PY/4088 13-N 7 8 $ 10
16. Anaiog Input E/E INY/4414 13-C 4 5 6 2.0

* Measure current across 20 ohm transmitter test resistor. See figure B-4,
** Monitor function generator output signal. See figure B-3.
*** Adjust buffer amplifier and/or strip chart recorder bias controls to
obtain approximately mid-scale readings for analog input/output signals
and full swing for digital output signal U to 1 transition.
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1.0 1elaQQuCTION

Fris wr .eoure details the electrical fault tests to be applied to the

bagle-2]1 protection syvalam,

¢sh testy wily consisl of applying fault voltages to the fagle-2]
systed 1sclat o device: Testr are summarized by isolator board type
beltw
LINE TO GROUND
FAULT TEST PERFORMED
wiulator godrd faults Applied
Part.al Trip Output, Enrrgized 125 Vdc, 125 Va 250 vdc, 580 Va
Partial Trip OQutput, Deenergized 250 Vdc, 580 Vac
[\"'-_,“\o Contarnt x"\.'\[?u’.. N0, f“‘f"(.‘.df‘: 250 Vdc, 580 Vac
Digitair Contact Output, NC, Energized 250 Vdc, 580 Vac
Current Loop Output 125 Vac, 125 Vdc, 250 vdc, 580 Va
LINE TO LINE
FAULT TESTS PERFORME
en)ats B .l Faitlte Annldad
42018507 DOArg radils ARRL1ES
Pa.tial Trip Qutput, Energized 125 VAC, 12% Vdc, 250 Vdc, 580 Vac
Partial Traip OQutput, Deenergized 250 Vac, 580 Vac
4T . a) r - . " 4 SN . Y9OR J - 19 5 ’ 28N | A fr J ,
Digital Contact Output, NO, Engergized 125 Vac, 125 Vdc, 250 Vdc. »80 Vac
r ” 1 ® a . ~ , ~ . -
Digital Contact Output, NC, Engergized 250 Vdc, 580 Vac
Digital Contact Output, NO, Deenergized 250 Vdc, 580 Vac
Digital Contact Output, NC, Deenergized 125 Vac, 125 Vdc, 250 vdc, 580 Vac
- " e My 165 N 14 | - \ p -
Current Loop Output 10-50 mA 125 VAC, 125 Vdc, 250 vdc, 580 Vat




¢.0 PREPARATION FOR TE3T

Connect the field cabling to sensor simulation,
contact output loads per Attachment B and table

Ubtain system baseline data:

System baseline dats #1111 de taken to verify system
operation. Input voltage and current and resistance values
corresponding to 0 - 100% of scaie in 25% increments and
record. Obtain MMI printout of analog input informatio
record analog input/output readings via data logger pri

1 Adjust ana
signals, using l )btain the expected engi

unit values n table -1

reference, adjust the variable RTD channel per the

procequre.

441( ot Tripped

4411 Not Tripped

441 Not Tripped

44) ot Tripped
5/4420

v "
(S/8426




Obtain a printout of the Delta T/TAVG system analog
fnputs, analog test points and comparator information MM]
screens.

Close the manua) switch input to the variable RTD board.

Adjust the 'ow adjust potentiometer so that channe)
TE-441A3 reads 615.501+/-.375 Deg f on the MM,

Verify that the Delta T MM] reading equals 104.237-.3PU,
Verify the following actual bistable output status:

TS/144]1C « Tripped
TS/14416 = Tripped
TS/1441D0 = Tripped
TS/1441H = Tripped
T5/14420 =« Not Tripped
15/1442G « Not Tripped

Obtain a piintout of the Delta T/TAVG ;ystem analog
inputs, analog test points ard comparator information MM]
screens.

Open the manual switch input to the variable RTD board
and record the results. Obtain MMI printout of analog
input information and record analog input/output readings
via data logger printout.

2.2.3 St the function ¢anerator output to the variabie RTD board

2.4

L]

4301N:4

(see figure B-3) in the positive square wave pulse mode with
a 0-5 volt amplitude at .05HZ and a duty cycle of
approximately 10%.

Close the recorder start switch and verify that the trip
output signals switch upon receipt of the function generetor
switch signal (positive square wave pulse).
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3.6

3.7

romponent and/or board (1i.e.,blown/damaged PC track) repairs
required to return channe)l under test or adjacent channel to
operation. If board is damaged see note in Appendix A for guidance.

If the fault voltage source breaker is tripped the fault test is
invalid. Increase the fault voltage source breaker current rating
and repeat the test.

With the system confirmed to be 1 the pretest condition, proceed
to the next test.

4.0 (CURRENT LOOP QUTPUT ROARD TEST

a1

4.2

4.3

4.4

4.5

4.6

430IN:4

Configure the [ ]b " transformer as a )25 VAC
fault voltage source (figure 1-1). Monitor the channels designated
per tables C-la, C-2a and C-2b.

Connect the transformer secondary hot lead to the terminal
connection of the EAO channel under test as specified in table
A-la. Connect the transformer secondary neutral lead to the
primary neutral. Ensure that this connection is earth ground
(third prong of the AC power feed).

Follow the test sequence in sectior 3 for each test specified in
table A-la for the EAQ channel under test.

Disconnect the transformer seconda»y neutral/primary neutral
connection. Verify that the secondary neutral is not connected to
earth ground (third prong of AC power feed).

Connect the transformer secondary hot and neutral leads to the
terminal connection of the channel under test as specified in table

A-1b.

Follow the test sequence in section 3 for each test specified in
table A-1b for the EAQ channel under test.

C-44
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4.18

4.19

4.20

4.21

§.22

Connect the transformer secondary hot lead to the terminal
connection of the EAD channel under test as specified in table
A-4a. Connect the transformer setr-dary neutral lead to the
primary neutral. Ensure that this conac.iion is earth ground
(third prong 4f the AC power feed).

Follow the test sequence described in section 3 for each test
specified in table A-4a for the EAD channel under test.

Disconnect the transformer secondary neutral/primary neutral
connection. Verify that the secondary neutral is not connected to
earth gro.nd (third prong of AC power feed).

Connect the transformer secondary hot a.d neutral leads to the
terminal connection of the channel under test as specified in table
A-4b,

Follow the test sequence in section 3 for each test specified in
table A-4b for the EAD channe) under test.

.0 DIGITAL CONTACT OUTPUT BOARD TEST

51

5.2

5.3

5.4

4301N:4

Configure the [ 1b i transformer as a 125 VAC
fault voltage scurce (figure 1-1). Monitor the channels designated
per table C-1b, C-2b, C-3b,

Connect the transformer secondary hot and neutral leads to the
terminal connection of the ECO channel under test as specified in
table A-1b.

Follow the test sequence in section 3 for each test specified in
table A-1b for the ECO channel under test.

Connect the [ ]b & DC power
supply as a 125 VDC fault voltage source (figure 1-2).

C-4%



5.5

5'6

5.7

5.8

$.9

5.10

5.12

5.13

5.14

4301N:4

Connect the DC power supply positive and negative leads to the
terminal connection of the channel under test as specified in table
A-2b.

Follow the test sequence in section 3 for each test specified in
table A-2b for the ECO channel under test.

Connect the | )b " DC power
supply as a 250 VOC fault voltage source (figure 1-2).

Connect the DC power supply positive and negative leads to the
terminal connection of the ECO channel under test as specified in
table A-3a.

Follow the test sequence described in section 3 for each test
specified in table A-3a for the ECO channel under test.

Connect the DC power supply positive and negative terminal leads to
the terminal connection of the channel under test as specified in
table A-3b.

Follow the test seguence in section 3 for each test specified in
table A-3b for the ECO channel under test.

Configure the | ]b ¢ transformer as a 580 VAC
fault voltage source (figure 1-3).

Connect the transformer secondary hot lead to the terminal
cennection of the ECO channel under test as specified in table
A-4a. Connect the transformer secondary neutral lead to the
primary neutral. Ensure that this connection is earth ground
{third prong of the AC powe - feed).

Follow the test sequence described in section 3 for each test
specified in table A-4a for the ECO channel under test.

c-47



5.18

5.17

Disconnect the transformer secondary neutral/primary neutral
connection. Verify that the secondary neutral is not connected to
earth ground (third prong of AC power feed).

Connect the transformer secondary hot and neutral leads to the
terminal connection of the channel under test as specified in table
A-4b.

Follow the test sequence in section 3 for each test specified in
table A-4b for the ECO channel under test.

6.0 PARTIAL TRIP OUTPUT BOARD TEST

6.1

6.2

6.3

6.4

6.5

4301N: 4

Configure the | ]b " transformer as a 125 VAC
fault voltage source (figure 1-1). Monitor the channels designated
per tables C-lc, C-2¢, C-3c.

Connect the transformer secondary hot lead to the terminal
connection of the EPT channel under test as specified in table
A-1a. Connect the transformer secondary neutral lead to the
primary neutral. Ensure that this connection is earth ground
(third prong of the AC power feed).

Follow the tes’ equence in section 3 for each tes® specified in
table A-la for (he EPT charnel under test.

Disconnect the transformer secondary neutral/primary neutral
connectinn. Verify that the secondary neutral is not connected to
earth ground (third prong of AC power feed).

Connect the transformer secondary hot and neutral leads to the

terminal connection of the channel under test as specified in table
A-1b.

C-48



est

>

i3
9

>

-

»

r
‘y

v

-
-
)
.
.- 3
@
S
&
- 3
P
P
- -
G £
£ o
<1
A *

-r

~
.

™

<X

Te)




6.17 Configure the | ]b ° transformer as a 580 VAC
fault voltage source (figure 1-3).

6. 3 Connect the transformer secondary hot lead to the terminal
' connection of the EPT channel under test as specified in table
A-4a. Connect the transformer secondary neutral lead to *he
primary neutral. Ensure that this connection is earth gr und
(third prong of the AC power ‘ed).

6.19 Follow the test sequence described in section 3 for each test
specified in table A-4a for the EPT channel under test.

6.20 Disconnect the transformer secondary neutral/primary neutral
connection. Verify that the secondary neutral is not connected to
earth ground (third prong of AC power feed).

6.2] Connect the transformer secondary hot and neutral leaas to the
terminal connection of the channel under test as specified in table
A-4b,

6.22 Follow the test sequence in section 3 for each test specified in
table A-4b for the EPT channel under test.

4301N:4 £+30
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(See figure 5-10 of WCAP test report)

. Figure 1-3 Transformer Connection for the 580 VAC Fault Source
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NOTE:

4301N:4

ATTACHMENT A
FAULT VOLTAGT SOURCE CONNECTIONS

If the isolator board is damaged (1.e., blown/damaged PC track)
during fault testing an alterna*- channel must be chosen for
testing. The Data Recording System Connections, Appendix C must be
modified to ensure that Channels adjacent (left, right, top, bottom)
to the channe] under test are monitored. Record in a permanent
record book any changes made to the test connections specified in
“his Appendix and the recording connections specified in Appendix C.
This attachment contains the following tables:

5 Table A-la - 125 VAC Line-to-Ground Fault Connections

0 Table A-1b - 125 VAC Line-to-Line Fault Connections

0 Table A-2a - 125 VDC Line-to-Ground Fault Connéctions

o0 Table A-2b - 125 VDC Line-to-Line Fault Connections

o Table A-3a - 250 VDC Line-to-Ground Fault Ccnnections

o Table A-3b - 250 VDC Line-to-Line Fault Connections

o Table A-4a - 580 VAC Line-to-Ground Fault Connections

o Table A-4b - 580 VAC Line-to-Line Fault Cornections

C-57
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TABLE A-la

125 VAC LINE-TG-GROUND FAULT CONNECTIONS

Connect Transformer Secondary

Hot Lead To
1/0 Board
Channel i/0 Channel Terminal Isolater focation/
' description Tag # Block Connect ion Type Channel #
* . Bistable Partial Trip 11S/84iC 13-L 1 Class non 1E/1E 137-9/1
{EPT), Energized Iso’ation
Barrier
* 2. Bistable Partial Trip 17574410 13-1 2 Class nom JE/1E 137-9/1
(EPT), Emergized Isolation
Barrier
3. Current Loop Output ITY/441IN I3-R $ Class non 1E/1F 131-14/4
(EAD) isalation
Barrier
4. Current Loop Output ITY/84IN 13-R 4 Class non 16/1F 137-14/4
(ERD) Isolation
Barrier

* Disconnect Function Generator input to variable RTD chamnel (figure B-1) and use manual switch to control
partial trip output condition during fault application.

4301IN:4



125 VAC

1 /0 Channel

Channel 1/0

f Description Tag

. ] Bistable Partial Trip ITS
{EPT) Energized

Carrent loop Output Iy
{EAQ)

3 Digital Contact Output ITyY
(ECO}, Energized., NO

£ Digital Contact Output Iy
{FCO), Deenergized. N

* Disconnect function generation input

L
partial trip output condition during

** Move wire terminated on 13-T-12-6 to

>

430IN:4

¥

441C

441N

d2]A

INE FAULT CONNECTION

1/0 Board

Connect Transformer Isoiator Llocation
to Connect ions Type Channel #
] 2 Class non 1E/1F 137-9/1

Iso: tion

Barrier

127 :“

s

”n

—
o =
\

")

|

"]

)

= ) Clace n T 3 32T 3979
5 Li1ass non | ; &/ &
iselation
Barrier
-8 - - T r ' T . B 4 2
u a Class non 1E/11 137-12/2
isplation
Barrier
D channel (figure B-1) and use manual switch to controi
on
ct M onf igurat n

———




W

hanne |

1/0

Desc~ipt ion

Bistable Partial Trip

(EPT), Energized

;{"_’d":xﬂ r‘dr?1;:1 !f!f
. e r oot
LV, F',‘..j!.-"

Ristable Partial Tri

-y

[ 3 4
'

j, tnerqgil

round {third preng o

onnect function genevator

condi1tion

-
«
o )
-

- sasd &
rif :.,-.}’”"

in

o

NN

Tyn
i Yt
ass n
] T8
DidalL s
\J)rr~_;-
)
1ac Nt
] fati
parrier
a i
2% 3
4
BArTriey
a ,\
alati
Sarrier
Fia
a
Rarrier
manua
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(93

125 ¥DC LINE-O-GROUND FAULT CONNECTIONS

TASLE A-2a {Continued)

1/0 Board
Channel i/0 Channel Terminal Connect DC Powe- Supply Isolator Location/
’ Description Tag # Block Positive Negative Type Channel #
6. Current Loop Outputl ITY/*41IN i3-R 5 G Class non 1£/1E 137T-14/4
{EAD) Isolation
Barrier
7. Current Leop Output ITY/841IN 13-R G i Class non 1E/1E 137-14/4
{EAG) isolation
Barrier
8. Current Loop Output ITY/ 1448 13-R G 5 Class non 1E/1F 137-14/4
(EAD) Isolatien
Barrier

G = Earth ground (third prung of AC power feed)

430IN:4



101 INF FAURT CONNECTION

. ' . rnoct DC ¥ : adw Isolator at ion
hanne | /0 {Channe | ierminal Lo we ey 8 %
anne - . > o o3 T & hanne
¥ a0 ' 5 ’ i Ve L i Vi o
g Description ag # " ’
] n i 1-9/1
— 2 a W
* ] Bistable Part Trip 1S/44 . 2
‘:‘ 4 1 n

-
-
—a
b }
3]
¥
-l
-~

-
{(EPT) -
Rarrier
. 1 2/8
- ™ 2 2 nun /'8
3 rrent loop Outpat Y/24 N .
e 4 ’ at "
< {(EAD) g
. Barrior
» T Ls A
§ " < mon s
" . 11y /88 1N i 3
L] Curren* |loop Duiput . I<olat ior
F ALY :
Barrier
. - Y -
p— . g € nar
- Digita Contact [TY/441A I-M 4
) ‘ 1 . 1 2% ton
FCn Fnergized
. y Barrier
-
; | p— £ v and & Mmanua witch ¢ Ny
* D connect functicn generation input to variabie ¢ ? 'S !
- onnect . ] : ) !
b 4 nartial trip output condition rind 3 10T
P ¢ ;
-
i 1 1 $ $ y 4 . ' N " ¥ .
-~ ** Move wire termin on |
R
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TABLE A-2b (Continued)

125 VDC LINE-TO-LINE FAULT CONNECTIONS

1/0 Board
Channel 1/0 Channe | Terminal Conmect [ Power Supply Isolator Location/
’ Descr.ption Tag # Block Positive Negative Type Channel #
6. Digital Centact Output iTY/441A 13-M* 7 8 Class nom 1E/1E 137-12/2
{EC0}, Deenergized, NC isolation
Barrier
7. Digital Contact Dutput ITY/441A i3-M 8 7 Class non 1E/1E 131-1272
(ECO) tmergized, NO Iselation
Barrier
8. Digital Contact Output ITY/441A 13-M* R 7 Class non 1£/1E 137-12/72
(ECO) Deenergized, OC Isolation
Barrier

** Move wire terminated on 13-T-12-6 to 13-T-12-7 to test NC configuration.

430IN:4
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TABLE A-3a
250 VDU LINE-TO-GROUND FAULT CONNECTIONS

1/0 Board
Channel 170 Channel Te minal Con. -t D€ Power Supply Isolator Location/
’ Description Tay # Block Positive Negative Type Channel #
* 1. Bistable Partial irip 1TS/441C 13-1 i 6 Class mon 1E/1E 137-9/1
(EPT) Energized Iselation
Barrier
* 2. Bistable Partial Trip ITS/144C 13-L 2 G Class non 1E/1E 137-9/1
(EPT) Emergized isolation
Barrier
* 3. Bistable Partial Trip 17S/441C 131 G 1 Class non 1E/1F 137-9/1
(EPT), Energized Isolation
Barrier
* 4. Bistable Partial Trip 115/44:iC 13-1L 5 2 Class non 1E/1E 137-9/1
{EPT), Energized Isolation
Barrier
* 5. Bistable Partial Trip ITS/441C 13-1 1 6 Class mon 1E/1E 137-9/1
(EPT), Deenergized Isolation
Barrier
* 6. Bistable Partial ‘rip ITS/441C i3-L 2 G Class non 1E/1E 137-9/1
(EPT), Deenergized Isolation
Barrier

G = Earth Ground (third prorg of AC powar feed)

* Disconnect function generation input te variable RTD chasmel (figure B-1} and use manuwal switch to contrel

partial trip output condition during fault application.

4301N:4
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250 VOC LINE-TO-GROUND FAULT CONMECTIONS

TABLE A-33 (Continued)

I/0 Beoar+
Channel 1/6 Channel Terminal Connect DC Power Suppiy iselator Location,
’ Description Tag # Block Positive Negative Type Channel #
= I :ist&le Partial Trip 17S/441C gl 5 Ciass nom 1£/1F 137-9/1
EPT) Deenergized Isolation
Barrier
* 8. Bistabie Partial Trip 1TS/442C 13- 6 Class mon 1£/12 137-9/1
{EPT} Deenergized Isolatiun
Barrier
S. Current Loop Output ITY/441N 13-R 4 Class men 1E/1E 137-14/4
(EAD) isslation
Barrier
10. Current Loop Out, ut ITY/441N 13-% 5 Class non 1E/1F 13T-14/4
(EAD) Isolation
Barrier
I1. Current Loop Output ITY/541N 13-R G Class nom 1E/1F 137-14/4
(EA0) Iselation
Barrier
12. Current Loop Output ITY/441N i13-R G Class non 1E/1F 137-14/4
(EAD) icolation
Barrier

6 = Earth Ground (third prong of AC power feed)

* Disconnect function generation input te variable RID ¢

partial trip output condition during fault application.

4301IN:4
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T&AF A-3b (Continued)

250 ¥ 1INt -TO-1L INE FAULT CONNECTIONS
0 Board
Channel 170 (hannel Terminal {onnect T Power pply Isolator | oc ~tion
s Descriptios fag # Block Positive Negative Type annel #
/ Digitas Contact Output iTY/4414 12-M 7 - Class nom 1t 'F (37-12/2
{ECO) Energized, NO Isolatton
Barrier
8 Digital Comtact Output ITY/144A 12N y c1-3s mom 1E/1i 137-12/2
(ECO) Deenergized, N Isolaticn
Barrier
9 Digital Contact Output ITY/441A 13-M 8 7 Class non 1E/1E 3T-12/2
(ECO), Energized, WO Isolat fon
Barrier
10 Digital Contact Output ITY/441A 13-M* = 7 (l1zss mon 1E/1F 137-1272
(EC0) Deenergized, NC l=alat fon
Barrier
il Digital Comtact Output ITY/4414 131-8 7 8 Class mon 1E/1f 137-1272
(£C0}, Deenergized, NO ispiation
Barrier
toh 8 ~r* rol

* Disconnect function generatiom input to variable RTD chanrel {(figure B-1) and use manual swi

partial trip output condition during Tault appliication

** Move wire terminated on 13-1 12-6 to 13-7T-12-7 te test M anfiguration




0 Beare
location
0

Description

'haﬁnb? -

al Contact Outpu

Fnergized, M

Digital
(F{D) Deenergi

Contact

Fnergized

wire terminated
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TABLE A -2

S80 VAC | INE-TO-GROUND FAULT CONNECTiONS

Comnect Tramsformer 1/0 Board
Channel 1/0 Channel Terminal Secondary Hot lead to Iselator Lecatren/
’ Description Tag # Biock Connection Type Crannel #
* 1. Bistable Partial Trip 1TS/881C i3t 1 Class mom 1E/1E 137-9%/1
{EPT) Emergized Isolation
Barrier
* 2. Bistable Partial Trip 11S/144C 136 2 Class nom 1E/1E 137-9/1
{EPT} Emergized isslation
Barrier
* 3. Bistable Partial Trip 175/841C i3-1 i Class nom 1E/1E i3t-¢11
(EPT), Deenergized Iselation
Barrier
* 4. Bistable Partial Trip 175/841C 13-1 2 Class mom 1E/1E 137971
{EPT), Deenergized iseiation
Barrier
5. Current loop Output ITY/e41n 13-R 4 Class mom 1E/1E 137-14/4
{EAD; Isslat von
Barrier
6. Currvent Loop Outowut ITY/841N 3-8 5 Class non 1E/10 137-14/4
(EAD) isolation
Ba. rier

* Disconnect function gemeration input te variable RTD chamnel (figure B8 1) and use manual switch to comtreol

partial trip output condition during fault application.

4301IN:8
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S80 VAC LINE-TO-& ™

TABLE A-4a (Continued)

FAULY CONNECTiONC

Connect Transforwer i/0 Board

Channel 1/0 Channel Termingal Secondary Kot lead teo Isslator Ltocation/

12 Descript ion Tag 7 Bleck (onnection Type Channel #

7. Digital Coentact iTY,/ 4412 13-n 7 Class mom 1E/1E 137-12/2
(ECO) Emergized, NO isolation

Barrier

8. Digital Contact Dutput ITY/1442 13- 7 Class »om 1E/1E 137-1272

{ECD) Emergized, NC Iselation

*+ Move wire termirated on 137-12-6 ts 12-T-12-7 to test NC comfiguratioa.

4301N:4
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TABLE A-&
S80 VAC LINE-TO LINE FAULT CONNECTIONS

i/0 Board
Channel 1/0 Channel Terminal Connect Transformer Isolater {ocat ion/
. Description Tag # Block to Commection Type Channel #
* 1. Bistable Partial Trip 1715/841C 13- 1 2 Class non 1L/1E 131-9/1
{EPT) Ermergized Iselation
Barrier
* 2. Bistable Partial Trip 17S/144C 131 1 2 Class nom 1E/LE 131-9/1
(EPT) Deenergized iselation
Barrier
3. Current loop Output ITY/841N 13-R 4 5 Class non 1E/1E 137-14/4
{EAD) Isolation
Barrier
4. Digitai Contact Output ITY/441A i3m 7 8 Class mon 1E/1F 137-14/2
(ECO), Energized, NO Isoiation
Barrier
5. Digital Contact Output 1TY/841A 13-Me= 7 8 Class mor IE/1E 137-12/2
{ECO), Deenergized, NC Iselation
~ Barrier
6. Digital Contact Output ITY/441A iim 7 8 Class mon 1E/1F 131-12/72
(EC0), Deenergized, NO Isolation
Barrier
7. Digital Centact Output 1TY/e41A 13- 7 8 Class non 15/1F i3T-12/2
(ECO} Emergized, NC Isolation
Rarrier

* Disconnect function gemeration input to variable RID chamnel (figure B-1) and use manual swil<h ts comtrol

partial trip output condition <

ing fault application.

** Move wire terminated on 13-7-12-6 to 13-T-12-7 to test NC configuration.
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ATTACHMENT B
FIELD CONNECTIONS AND SIMULATION

See test procedure JPD-111687-0 figures B-3 through B-9 for input c<imulation
and input/output monitoring connections.

Cbinet Configuration Information:

The cabinet under test, Qualification Unit Z, 15 an exact replica of Watts Bar
Nuclear Power Station Protection Rack 13. The following drawings document the
cabinet configuration. Copies of these drawings will be included as part of
the final test report.

Qrawing Description Qrawing Number/Rev,
Terminal Block Wiring Diagram, 1-47043 PW-13, rev. 3E

Protection Set 4

Process Control Block Diagram, 108D408 sh, 10, rev. 11
Delta T/TAvc System

Process Lontrol Block Diagram, 1080408 sh, 34, rev. 8
W.R, §.6. Level
Process Control Block Diagram, 1080408 sh. 38, rev. 4

Pressurizer Liquid/Vapor Temp.

Process Control Block Diagram, 1080408 sh. 39, rev. §
RHR Pump Discharge Temp

Process Control Block Diagram, 108D408 sh. 43, rev. 1
RCS Wide Range Pressure

Eagle-2]1 Schematic Diagrams, 1856£69 sh. 2, rev. 2
Rack 13 Protection Set 4

4301N:4



ATTACHMENT C

TRANSTENT DATA RECORDING SYSTEM CONNECTIONS

This attachment contains the following:

o Teabie C-la
Table C-1b
Table C-lc

Table C-2a
Table C-2b
o Table C-2¢

Table C-3a

Table C-3b
o Tuble C-3d

430IN:4

Tape Reccrded Data, Current Loop Output Test
Tape Recorder Data, Digital Contact Output Test
Tape Recorder Data, Partial Trip Output Test

Data Logger Recorded Data, Current Loop Output Test
Data Logger Recorder Data, Digital Cortact Output Test
Data Logger Recorder Data, Partial Trip Output Test

Strip Chart Recorded Data, Current Loop Output Test

Strip Chart Recorder Data, Digital Contact Output Test
Strip Chart Recorder Data, Partial Trip Output Test

€-75
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TABLE C-1a

1
Channel  Recorded Tag Terminal  Terminal Buffer
’ Signa) » Block Connection Amplifier
Hi Lo Sh Gain
1. Analog Output E/1 1Ty/44]L 1A-p 10 11 12 10
B Analog Output E/1 1TY/503A 1349 10 11 12 10
3. Analog Output E/1 1TY/502A 13-9 7 8 9 10
4. Analog Output £/1 1TY/441Q 13§ l 4 3 10
$. Analog Output £/1 17Y/4416 13-H 1 “ 5 10
6. Anz 100 Output E/1 ITY/44)F 13-9 1 H 5 10
7. fralog wutput £/1 1TY/6028 13K 1 ¢ 5 10
8. Aialog Output /1 1TY/442¢C 13-F $ 11 12 10
9. Analog Output E/1 1TY/441M 13-R 1 ¢ 3 10
10. Inalog Output E/1] 1TY/441P 13-R ! 8 9 10
11. nalog Output /1 ITY/4426 13-6 l 2 3 10
12. Analog Outpu E/1 ILY/5038 13-K 7 10 1 10
13. Analog Outyut E/1 ITY/441E 13-H 7T W0 N 10
14, Analog Output E/1 1TY/4548 13-F 1 2 3 10

* Measure current across 20 ohm transmitter test resistor.

** Monitor function generator output signal.

4301IN: 4
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See figure B-4,

See figure B-3.















x
«q

L)

-r
-

-r
=

-r

-

o

gA

.t

~hm




TABLE C-3a
SIRIP CHART RECORDED. CURRENT LOOP QUTPUT TEST
Channel  Recorded Tag Terminal Terminal Buffer: *+

) Signal x Block Connection Amplifier
Hi Lo v Gain

-

1. Analog Output E/! ITY/4548 13-F 1 2 - 10
2. Analog Output £/1 ITY/441L 13-P 10 11 12 10
3. Analog Output E/1 ILY/502A 13.J 10 11 12 10
4. Analog Output E/I ILY/502A 13-4 7 8 9 10
5. Analog Output E/I 1TY/4410Q 13-§ l 2 3 10
6. Analog Output E/I ITY/4416 13-H 1 B § 10
£ Analog Output E/I 1TS/441F 13-J 1 4 5 10
8. Analog Input E/E INY/4418 13-C RIS S L
9. Analog Output E/I 1LY/5028 13-K | 4 5 19
10. Analog Output E/I [Ty /4420 13-F 9. 4L 18 10
11. Analog Output E/I ITY/441M 13-R 1 ¢ 3 10
12. Analog Output E/I ITY/441P 13-R 7 8 El 10
13. Analog Output E/1 ITY/ /4426 13-G6 1 2 3 10
14, Analog Qutput E/1! ILY/5038 13-K 7 10 11 10
18. Analog Output E/I ITY/441¢E 13-H 7 10 11 10
16. Analog Input E/E INY/441A 13-C B 5 6 2.9

* Measurc current across 20 ohm transmitter test resistor. See figure B-4.
** Monitor function generater output signal. See figure B-3.
w**  Adjust buffer amplifier and/or strip chart recorder hias controls to
obtain approximately mid-scale readings for analog input/output signals
and full swing for digital output signal 0 to 1 transition.

c-82
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TABLE C-3c
STRIP CHART RECORDED, PARTIAL TRIP QUTPUT TEST

Channel  Recorded Tag Terminal Terminal Bufferess

* Signal L Block Connection Amplifier
Hi Lo Sh Gain
1. Function Generator Sig. N/A L 08
&a bistable Partial Trip 175/4416 13-L L] 6 0§
3. Bistable Partial Trip 175/4420 13-M 3 4 .08
4. Bistabla Partial Trip 17S/442G 13-M 1 2 .08
5. Bistable Partial Trip 175/441C 13-L 1 2 .08
6. Bistable Partial Trip 175/441D 13-L 3 4 .05
1. Bistable Partial Trip ITS/441H 13-L 7 8 .08
8. Analog Input E/E INY/4418B 13-C 1 2 3 2.0
8. Analog Input I/E 1PY/408 * 20
10. Analog Output E/1 1PY/4088 13-M 7 8 9 10
i1, Analog Input I/E 1PY/458Q * 10
12. Analog Output E/1 1TY/441G 13-H | < 5 10
13. Analog Output E/1 ITY/4426 13-G 1 2 3 10
14, Analog Output E/I ILY/5038 13-K 7 10 11 10
15. Analog Output E/1 ITY/441E 13-H 7 10 11 10
16, Analog Input E/E INY/44]A 13-C B 5 6 2.0

* Measure current across 20 ohm transmitter test res‘stor.
** Monitor function generator ouvtput signal.

See figure B-4.

See figure B-3.
| ***  Adjust buffer amplifier and/or strip chart recorder bias controls to

obtain approximately mid-scale readings for analog input/output signals

| and full swing for digital output signal 0 to 1 transition.

4301IN:4
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1.0 INTRODUCTION

This procedure details the Surge Withstand Capability (SWC) tests to be
performed on the Eagle-2]1 protection system.

These tests will consist of applying the surge withstand test wave to the
following system interfaces and measuring the effects on system
input/output processing.

o Digital Contact Output (NO and NC configurations), class non-1E/1E
{solator

o Partial Trip Qutput (energized and deenergized conditions), class

non-1E/1E isolator

Current Loop Output 10-50 mA, class non-1E/1E isolator

Current Loop Input (4-20 mA, 10-50 mA, with and without loop power

supply)

WR RTD Input

WR RTD Input (0-10 volt application)

NR RTD Input

Cabinet AC power feed

© ©¢ o ©

The test configuration is documented in A‘tachments B and C.
2.0 PREPATATION FOR TEST

2.1 Connect ine fielo cabling to sensor simulation, load simulation, and
contact output loads per Attachments B, C and table 1-1.

2.2 0Obtain system baseline data:

2.2.1 System baseline data will be taken to verify system
operation. Input voltage and current and resistance values
corresponding to 0 - 100% of scale in 25% increments and
record., Obtain MMI printout of analog imput information and
record analog input/output readings via data logger printout.

C-86
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2.2.2 Set signal inputs pe- table 1-1. .djust analog input
signals, usinyg the MMI to obtain the expected vngineering
s unit values specified in table 1-1. Using figure B-6 in
Noise Test Procedure JPD-111687-0 as a reference, adjust the

4284N: 3

variable RTD channel per the following procedure:

Open the manual switch input to the variable RiD board.

Adjust the high adjust potentiometer so that channel
TE-441A3 reads 618.261+/-.375 Deg f on the MM].

Verify that the TAVG MMI reading equals 589.74UL + .2 Dey f.
Verify the following actual bistable output status:

TS/441C = No: Trip ed
TS/441G = Not Iripped
TS/4410 = Not Tripped
TS/441H « Not Tripped
TS/4420 = Tripped
TS/442G = Tripped

Obtain a printout of the Delta T/TAVG system analog
inputs, analog test points and comparator information MM]
screens.

Close the manual switch input to the variable RTD board.

Adjust the low adjust potentiometer so that channel
TE-441A3 reads 615.501+/-.375 Deg f on the MMI.

Verify that the Delta T MMI reading equals 104.237-.3PU,
Verify -2 following actual bistable output status:

15/1441C = Tripped

T5/1441G = Tripped

TS/14410 = Tripped

T, '1441H = Tripped
Cc-87




75/14420 = Not Tripped
T5/1442G = Not Tripped

Obtain a printout of the Delta T/TAVG system analog
inputs, analog test points and comparator information MM]
screens.

0 Open the manual switch input to the .sriable RTD board
and record the results. Obtain MMI printout of analog
input information and record analog input/output readings
via data legger printout.

2.2.3 Set the function generator output to the variable RTD board
(see figure B-3 in Noise Test Procedure JPD-111687-0) in the
positive square wave pulse mode with a 0-5 volt amplitude at
.0SHZ and a duty cycle of approximately 10%.

2.2.4 Close the recorder start switch and verify that the trip
output signals switch upon receipt of the function generator
switch signal (positive square wave pulse).

3.0 SwC TEST PROCEQURE SEQUENCE

The SWC test sequence described below will be followed for each noise
test type specified in Sections 4.0 and 5.0.

3.1

3'2

42B4N:4

Pretest

Obtain a data lTogger printout of "normal" analog input/output and
digital output values.

Disconnect data logger. Configure the |

]b ¢ and [ ]b " fsolation network as chown
in figure 1-3. Set the surge generator at 120 HZ repetition rate,
3.3 KV crest voltage and timed output with a 3 second duration.

(-88
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5.0

6.0

4.3 Connect the surge generator chassis ground to the itolation network
ground.

4.4 Set the tsulation network mode switch to the "Common Mode" position.

4.5 Follow the test sequence described in section 3 for each channe)
designated in Table A-la.

TRANSYERSE MODE SWC

5.1 Connect the [ ]b.c fsolation network line and
terminal to the designate! terminal block connections as specified in
Table A-1b. Use hcok-up wire tc make connections and minimize lead
length,

5.2 Connect the surge generator "High" output to surge transient i=-ut | of
the isolation network. Connect the surge generator "Low" output to
surge generator transient input 2 of the isolation network.

5.3 Connect the surge generator chassis ground to the isolation network
ground.

5.4 Set the isolation network mode switch to the "Transverse Mode™ position.

§.5 Follow the test sequence described in Section 3 for each channel
designated in table A-lb.

ACCEPTANCE CRITERIA

6.1 Description

The acceptance criteria for the Eagie 21 (1E Safety Related System) is that
the system shall remain operational and maintain protective actions before,
during and after application of the surge withstand test wave to designated
class non-1E to class 1-E isolators. In addition, no component damage or
change in channel calibration shall occur due to the application of the SWC
test wave to any cabinet input/output excluding the test panel and MMI
communication connection.

4284N: 4 Lo






4284N: 4

(See figure 5-12b of WCAP test report)

Figure 1-2 Transverse Mode SWC Test Connections
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(See figure 5-12¢ of WCAP test report)

Figure 1-3 Block Diagram of SWC Test

€-93
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TYPE

TRANSVERSE MODE
COMMON MODE
TFSY INJECTION POINT - 1/0 CARD TYPE
PRE-TEST

DATA LOGGER VERIFICATION PRINT QUTPUT ¢

Procedure Rev.

DATE

TEST ¢

POINT #

SYSTEM STATUS:

REMARKS AND TEST OBSERVATION

DISCONNECT DATA LOGGER

I68T
TAPE RECORUER FOOTAGE BEGIN END

SYSTEM STATUS:

SET #

REMARKS AND TEST OBSERVATION

BOST-TEST
DATA LOGGER DATA VERIFICATION* PRINT OUTPUT #
SYSTEM STATUS:

REMARKS AND TEST OBSERVATION

PERFORMED REVIEWED

Figure 1-4 Surge Test Data Sheet

-34
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ATTACHMENT A
SWC TEST CONNECTIONS

Use two isolation networks for Bistable Partial Trip and

power input common and transverse mode tests. Install

network No. 1 to protect the test lah AC power source.
network No. 2 to protect the test station trip

1 »

Disconnect isolation network "line i

surge application for all tranverse mode tests exc

cabinet AC power input test

is attachment contains the fol

Common Mode SW(

Tranverse Mode SWC

4784N: 4




Channe!l
Bl
' *]
*2
L 4
! -
; 3
i
] ‘
N
5
-
6
~

* Msconnect

4284N 4

i/0
Description

Bistab«e Partial
Energized

Bistable Partial Trip,

Deeneraized

Analog Output

Contact Output (No),

Erergized

Contact Output (NC

Energized

T

Contact Output (No),

Deenergized

function generator
‘ partial trip output condition during
s*Move wire terminated on 137-12 6 to 137-12

COMMON MODE SWC TEST CONNECTIONS

Channel
fag #

17S/4426G

175/4426

iPY/408A

ITY/441A

ITY/441A

TY/441A

TABLE A-la

CONNECT LINE-OUT TO

Terminal
I 1ock

13-N

13-M*+

13-M

surge application
] to test N

Terminal
Lonnection
Hi Lo
i 2
N -~
i r'd
K [

7 8
7 8

input to variable BRIl channel (figure B

configuration

Isolator
Type

Class non
Isolation
Barrier

Class non
Iselation
Barrier

Class non
Isolation
Barrier

Class non
Isclation
Barrier

Class non
Isolation
Barrier

Class non
Isolation
Barrier

1E/1¢E

1£/1¢

1E/1¢E

1E/1E

1E/1E

1E/1¢

[/0 Board
focation/
Channel #

(=

137-1

137-16/2

137-12/2

-y
.
—t

e

~a
N

e
W
e
—
at
~J

1) and use manual switch teo control



IABLE A-1a (Continued)

OMMON MODE <**° TEST CONNECTIONS

L INE-OQUT 70

{ONRECT

Channel 1/0 Channel ferminal Terminal isolator 1/0 Roard 2
. # Descrintion fag # Block Connect ion TyDe tocation
Hi lo Channel #
] Contact Output (NC}, TY/441A | 3-M** 4 8 Class now 1E/1E 1371
Deenergized Isniation
Rarrier
8 WR RTD Input 1TY/61 13-D 8.9 11. 14 N/A 137-4/4
x: 9 N2 RTD Input 1TY/441Y 13-A 7.8 10,9 N/A 137-5/
& i 10 current Loop Input, i{PY/4580 137-8 8.9 i1.1 N/A 3IT-8/2
Active***
il Current Loop Inpul IPY/4580) 137-8 i ] N/A 137-8/2
pa':'.':v“"‘
1?2 Current Loop Input IPY/408 13-N i 2 N/A 1T-8/3
Active
13 WR RTD Input, INY/441A i3 4 M/A 37-4/2
0-10 volt application
L (zbinet AC Power Input N/A 131 W i1 ‘ N/A N/ 2 .
15 Contac® Output (NO/NC/C), 1TY/441A i3 M 7 la non 15/11 137
fnergized isolation
- Barrier
R
*sMove wire terminated on 137-12-6 to 137-12-7 to test NC configuration
baoard DT power subply Pascive operation ut 17¢ external power upply L

s**Act ive operation utilizes on

4784N:4




-
o

001L=

COMMON MOOE SWC TEST CONNECTIONS

TABLE A-1a {Continued)

CONWECT LINE-OUT TO

Channel i/0 Channel Terminal Terminal Isolator i/0 Beard
- Description Tag # Block Connection Type Location/

Hi Lo Channei #
16. Contact Outpul (NO/NC/C), ITY/441A 13-M 7 8 Class non IE/1 137-12/2

Deenergized Isolation
Barrier

17. Wk RTD Input ITY/454 i3-D 1,2 4.3 N/A 137-4/3
18. NR RTD Input ITY/441x 13-A 12 W3 /A 137-5/1
19. Currant Loop Input IPY/458Q 137-8 8 i N/A 137-8/2

Active

4784NK:4



L0L=2

TABLE A-1b
TRARVIRSE MODE SWC TEST CONNECTIONS

Channel 170 Channel Terminal Connec? isolator i/C Board
i Description Tag # Block Line-Out Tepe Location/
Hi Lo Channel #
1. Bistable Partizl Trip, i7S/4425 13-4 1 2 Class non 1E/1E 137-10/1
inergized isolation
Barrier
ay. Bistable Partial Trip, 1715/4426 i3-m 1 2 Class non 1E/1E 137-10/1
Deenergized Isolation
Barrier
3. Anaiog Ouiput 1PY/<08A 13-N 4 5 Class non 1E/1E 137-16/2
Iselation
Barrier
4. Contact Output (NO), ITY/441A 13-M 7 8 Class non 1E/IE 137-12/2
En2rgized Tsolation
Barrier
5. Contact Output (NCY, 1TY/441A 13-M*» 7 8 Class non 1E/1E 137-12/2
fnergized Isolation
Barrier
6. Contact Output (NGj, 1TY/443A 13-M 7 8 Class nor 1E/1E 137-12/2
Deeneraized
7. Contact Output (NC), ITY/441A 13- 7 8 Class non 1E/IE 131-12/2
Deenergized Isolation
Earrier

42B4N:4



2013

TABLE A-1b {Continued)
TRANVERSE MODE SWC TEST CONNECTIONS

Chanrel 1/0 Channel Terminai Connect Isolator 1/0 Board
' Description Tag # Block Line-Out Type Locat ion/
Hi Lo Channel #
8. ¥R RTD Input 1TY/612 i3-0 8 9 A/A 137-4/4
9. WR RTD Input 1TY/612 i3-D i0 11 N/A 137-474
0. ¥R RTD Input 1TY/612 13-0 8 i0 N/A 137-4/4
11. WR RTD Input 11Y/612 13-D 8 11 N/A 137-4/4
12. W1 RTD Input 1Ty/612 i3-0 - 10 N/A 137-4/4
13. ¥R RTD Input ITY/612 13-0 9 il N/A *3T-4/4
14. Current Loop Input, 1PY/458¢ 137-8 8 11 N/A 1371-8/2
Active
i5. Current Leop input, 1PY/ 4581 i37-8 8 9 N/A 137-8/2
Active
16. Current Loop Input, IPY/458Q 137-8 11 12 N/A 137-8/2
Active
17. Current Loop Input, IPY/4580 137-8 g 9 N/A 137-8/2
Passive
18. Current Loop Input, iPv/408 1I3-N 1 2 N/A 137-8/3
Active

4784M:4



TABLE A-1b (Continued)
TRANVERSE MODE SWC TFST CONNECTIONS

Channel i70 Channe’ Terminal Connect Isolator 1/0 Board
L] Description Tag # Block i ine-Out Type Location/
Hi io Channel #
19. WR RTD Input, INY/441A 13-C 4 5 N/A 137-4/2
0-1C Volt Application
20. Cabinet AC Power Input N/A 13-4 1 2 N/A N/A
21. Contact Output (MNO/NC), ITY/441A 13-M 7 e Class non 1E/1E 131-12/2
Energized isolation
Barrier
3 Contact Ouiput (NO/NC), ITY/441A 13-4 7 8 Class non IE/IE 137-12/2
Deerergized isolation
Barrier
23. ¥R RTD Input iTY/454 13-D 2 3 N/A 137-4/3
24. WR RTD Input ITY/454 13-D ] < N/A 137-4/23
25. MR RTD Input ITY/44)X 13-A 2 3 N/A 137-5/1
26. NR RTD Input 1TY/441X 13-A 1 4 N/A 137-5/1
27. NR RTD Input 17Y/441Y 13-A 9 10 N/A 1371-5/2
28. KR RTD Input ITY/a41Y 13-A 8 11 NR 137-5/2

4784N:4






ATTACHMENT C
TRANSIENT DATA RECORDING SYSTEM CONNECTIONS

This attachment contains the following:
o Table C-1 Tape Recorded Data
o Table C-2 Data Logger Recorded Data

o Table C-3 Strip Chart Recorded Data

4284N:4



————S L - RAGORRED DATA

Channe! Recorded Tag Terminal Terminal Buffer
r . r ™y A
* Signa 5 Block Connectic Amp fier
H LC Sh  Gair

) Bistabie Partial Trip 1T5/442D 13M 3 © 0%
Bistable Partial Trip 1TS/442G 13-M ] 2 0

2 2 0%
3 Bistable Partial Trip 17S/441C 13- 1 2 0t

Bistable Partial Trip 1TS$/441D 13- 2 4 ()

o B

Bistable Partial Trip [TS/44)H ]

13- 7 8 0§
6 Bistable Partial Trip [15/441G 13-1 5 £
7 Contact Output 1TY/44] 13-M 5 6 01
A Analog Output E/] [TY/454A 13-G 4 $ 6 l
) Analog Output E/I ITY/4411 13-X 10 | 10
10 Analog Input [/E [PY/4580 * 0
il Analog Output E/I TY/44 1K 13-¥ ] 4 5 .
1¢ Analog Input | PY/408 . .
13 Analog Output ¢ [PY/408E 13-N £ é 1C
14 Function Generator Sig. N/A = 0%
*Measure current acrozs 20 ohm transmitter test resistor See figure B-4

**Monitor function generator output signa

\

4284N:4
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. e P L ——
2 TABLE C-2
- NATY { OCe n dusllal Y -
. n e BATA_LOGGER RECORDED DATA A :
Channe) Recorded Tag Termina) Terminal
4 Signal ' Block nnectior
¢ u ‘ "
L] e A S———— T, P ——— — -
L

4
* 6. Analog Input E/E INY/44A1B 13-( ' 3

Lot
e
-

7. Analog Input E/E INY/44)A 13-( 4 E ¢
) Contact Output 1TY/44)

=
"

10 Contact Output 1TY/ /4418

.
no
>
.
o
'
~
[
re
©
L4
.
~
—a
-«
o~
o
¥

’ 23 Analog OQutput E/I ITY/ 4148 3 4 ¢ :
o L
. cé Analog Output E/1 [TY/441K -
~ M v 4 1 ~ (4
ed Analog Qutput E/1 ILY/5028 ¥ 4
)
) n O n ] P ART | -
28 Ana'og Output E/1] IPY/4088 N
- N p ' AN _— v ]
21, Analog Output ¢ LY/5038 13-}
) | . -
35 Analog Input 1/E PY/458 *
- Analan Ine 1 11 Y .
<V .‘.E MR IO nryt E E-L .
%) \ 2 - 1 &N - ¥
‘9 Ana 0g nput £ il oV /
; - .l % |
ho kY. Analog Input 1/t 1PY/408 *
&
2 e e o e e e o e e e e - .
*Measure current
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3.4

3.5

3.6

3.7

test run, Ready the | ]b.c Control Computer by entering the
cali.ration file name fur the appropriste frequency test run as
specification in sections 4.0 through 6.0. Enter the identifying
records in the tape recorder log. Simultaneously enter the test run
start command via the [ ]b.c control computer and start the tape
re~order. The frequency test run will automatically execute until
completion without operator intervention. Upon completion of the
frequency tes® run stop the tape recorder and record the ending tape
footage.

Review the strip chart recorder printouts and the control computer
data sheets und record any analog output signal deviation and/or
trip output status failures. Using the MM] investigate any
input,/output signal processing anamolies to determine cause.

If significant abnormal system perfoirmance is measured, calibration
file information for the affeuted frequency shoulg be examined, |[f
the drive sigral for the RF signal generator at the affected
frequencies is significantly higher than the adjacent frequency
signal Tevels, repeat the affected frequency test at a signal level
consistent with adjacent frequencies.

Obtain a data logger printout and confirm system recovery by
comparing to pretest data. Record any discrepancies.

With the system confirmed to be in the pretest condition, proceed to
the next test.

4.0 20-160 M4Z FREQUENCY RUN

4.]

4274N:4

Mount the beconical aitenna to the antenna tripod/coupler assembly,
Ensure that the antenna center-line is 59-1/2 inches from the
anechoic chamber floor and 1 meter from the Eagle-Il cabinet.
Connect the | ]b.c power amplifier to the antenna coupler
assembly input.

C-115






TUA R A AN B A S D R R R R R . R R R R R R R R IR, — L ——— P R —————

Left side 3v/m Horz 201A

Right side 3 v/m Vert 2044
Front 10 v/m Horz 202A
Front 10 v/m Vert 205A
Rear 10 v/m Horz 202A
Rear 10 v/m Vert 205A
Left side 10 v/m Horz 202A

Right side 10 v/m Vert 205A

6.0 160:300 MHZ FREQUENCY RUN

6.1 Mount the lTog periodic antenna to the antenna tripod/coupler
assembly. Ensure that the antenna center-line is 58-1,/2 inches from
the anechoic chamber floor and | meter from the Eagle-2]1 cabinet
Lonnect the [ )b,c power amplifier to the antenna coupler
assmebiy input.

6.2 Ffollow the test sequence discribed in Section 3 for each freguency
run specified below:

Antenna Calibration

Cabinet Pogition  [Eield Stremgth Polarization  __Ffile

Front 3 v/rm Vert S04A
Front 3 v/m horz 301A
Rear 3 v/m Vert 1044
Rear 3 v/m Worz 3014
Left side 3 v/m Horz 301A
Right side 3 v/m vert 3044
Front 10 v/m Horz 302A
Fron* 10 v/m Vert 30%A
Rear 10 v/m Horz 3024
Rear 10 v/m Vert 305A
Lef* side 10 v/m Horz 302A
Right side 10 v/m Vert 305A
C-117
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(See figure 5-17 of WCAP test report)

i - Figure 1-1 Block Diagram of Radio Frequency
Interference Modulation Tests

- Q
4274N:4 G118






8.0 ACCEPTANCE CRITERIA

8.1 Description

The acceptance criteria for the Eagle 21 (1E Safety Related System) is
that the system shall remain operation*1 while exposed to radio frequency

interference and demonstrate recovery upon removal of radio frequency
interference.

4274N:4
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RADIO FREQUENCY INTERFERENCE TE

TARGET: (CABINET POSITION)

FIELD STRENGTH LEVEL: (V/M)

TYPE OF ANTENNA: (LOG PERIODIC OR BICONICAL
ANTENNA POLARIZATION: (MORIZONTAL OR VERTICAL)

DAT




ATTACHMENT A
FIELD CONNECTIONS AND SIMULAT(ON

This attachment contains the followirq figures:
0 Figure A-1 Control Computer(s)/Test Station Connections

See test procedure JPD-111687-0 figures B-4 through B-9 for input simulation
and input/output monitoring connections.

Cabinet Configuration Information:

Tne cabinet under test, Rialification Unit 2, 1s an exact replica of Watts Bar
Nuclear Power Station Protection Rack 13. The following drawings document the
cabinet configuration. Copies of *hese drawings will be included as part of
the final test report.

Qrawing Description i L

Terminal Block Wiring Diagram, 1-47043 PW-13, rev. 3E
Protection Set 4

Process Control Block Diagram, 108D408 sh, 10, rev. 11
Delta T/TAVG System

Process Control Block Diagram, 1080408 sh. 34, rev. 8
W.R. S.G. Leve)
Process Control Block Diagram, 1080408 sh. 38, rev. 4

Pressurizer Liquid/Vapor Temp.

Process Control Block Diagram, 1080408 sh. 39, rev. §
RHR Pump Discharge Temp

4274i1:4 C-125
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Figure A-1 Control Computer(s)/Test Station Connections
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