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ABSTRACT

The following test report documents the Eag - ection system adverse
electrica) noise test program. The primary ot  tiva »f this test progrem was
to demonstrate that the Eagle 21™ system remainey operationc) before,

during, and after the applied noise conditions. Other shjectives were to
demonstrate the physical independence of class non-1E d class-lE circuitry
within the Eagle 21~ system.

The Eagle 21~ system met al) performence requirements specified by the

acceptance criterie. The adverse noise conditions applied to the Eagle 21"
system are designed to exceed worst-cese noise environment conditions.
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SECTION 1
INTRODUCTION

This report documents the "adverse noise" test results of the Eagle 21v
Process Protection Systenm,

The Eagle 21™ is a microprocessor-based functional replscement for the
analog process protection equipment originally installed in a nuclear power
generating plant.

The testing of the Eagle 21™ equipment was performed to demonstrate system
neratility before, during, and after the "adverse ncise" conditions were
epplied. These acverse noise conditions are separated into four catagories:

Noise Interference

Fault Isolation

Surge Kithstand Capability (SWC)
Redio Frequency Interference (RF1)

o T

“©

A description of the tests, acceptance criteria, and test results of the
Eagle 21™ in these adverse noise environments are contained in this report.

The Racio Frequency Interference tests were performed in an anechoic chamber
[ ]c' with the balance of the tests
performed at the Westinghouse Instrumentation Technology Training Center

(1 'C) located in Monroeville, Pennsylvania., These tests were performed
during a three-month period from December 1887 through February 1988.

0718¢ 16-061688 1-1



SECTION 2
EAGLE 21~ SYSTEM DESCRIPTION

2.1 INTRODUCTION

The Westinghouse Eagle 21™ Process Protection Upgrade System is a gualified,
microprocessor-based functional replacement for the analog process protection
equipment originally installed in a nuclear power generating plant. the
modular design of the Eagle 21™ hardware permits installation in existing
process protection system cabinets after the analog electronics and interna)
cabinet wiring are removed. There is minimum disruption of external wiring
because cabinet field terminal blocks and field cables are mostly
ungisturbed. A1) system inputs end ocutputs are preserved, and all existing
field interfaces are meintained, Figure 2-1 depicts one Eagle 21™ cabinet.

2.1.1 Replacement of Existing Process Instrumentation

0718¢ 16-061688 -1
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Figure 2-1 Eagle 21™ Process Protection Upgrade System Cabinet
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Figure 2-2 Eagle 21~ Cabinet Installation
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2.1,2 Plant Applications

The Eagle 21™ Process Protection Upgrade System is utilized in nuclear power
generating stations to monitor Nuclear Steam Supply System (NSSS) parameters
and to display indications of these perameters to the operating perscnne!.
These indications meet the post-accident monitoring (PAM) reguirements of
Regulatory Guide 1.87, “"Instrumentation for Light-Water-Cooled Nuclear Power
Plants to Assess Plant and Environs Conditions During and Following an
Accident." Figure 2-3 depicts the typical interconnections between the

process protection equipment and other plant systems. | la
T -
g 3,0
- s 8,8

Figure 2-3 Typical I4C System Configuration

The NSSS parameters monitored by the Eagle 21™ Process Protection Upgrade

System consist of temperatures, pressures, liguid levels, and flows. Resistance
temperature detectors (RTDs) are used for temperature measurements., Electronic
transmitters having either a 4- to 20-mA or 10- to 50-mA range are used to
monitor pressure, level, and flow parameters. The system can also accept analog
voltage or current inputs from other nuclear process systems such as the Nuclear
Instrumentation System (NIS).

0718¢ 16081588 2-4



A1) inputs are converted to digital s
fagle 21™ electronics., After the des
plished (including dynamic compensation of time-dependent signals, summaticn,
and scaling), the system produces the following types of outputs:

o Analog outputs == 10- to 50-mA or 4- to 20-mA (or 1- to 5-vdc) signals

supplied to control board ind

ignals by the microprocessor-based
ired signal conditioning 1s accom=

icators or the process control systems

o Contact cutputs == On/off signals used to ectuate control board

annunciators

¢ Channe! trip outputs == On/of
relays of the Solid State Pre¢

f signals used to control 120-vac input
tection System (SSPS), or a relay-bases

protection system, for reactor trip end safeguards actuation signa's

2.1.3 Design Festures

21

Major design features of the Eagle 2!l

v Process Protection Upgrade System are

described in the following paragraphs.

¢.1.3.1 Single Failure Criterion

—

0718¢ 1p-061688



2.1.3.2 Instrument Power Source

i b,

—— - 2

2.1.3.3 Channe) Integrity
The Eagle 21™ Process Protection Upgrade System has been designed to perform
its protective functions under extreme operating conditions relating to its

environment, its energy supply, any malfunctions, and any accidents.

2.1.3.4 Channe! Independence ‘
|
\
|

-3

—
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2.1.3.5 Control and Protection System Interaction

The Eagle 21™ Process Protection Upgrade System functions with complete
independence from the plant's control systems. (Control systems include
remote indicators, computer data points, and annunciators as well as circuits
that automatically contro) plant parameters.) Protective functions are
electrically isolated from any fault or malfunction that occurs in the control
systems,

2.2 FUNCTIONAL DESCRIPTION
The following peregraphs provide & brief functiona! description of the

Eagle 21 Process Protection Upgrade System, basec on the simplified func-
tiona) block diagram shown in figure 2-4.
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¢.3 CABINET DESCRIPTION

The Eagle 21™ Process Protection Upgrade System is housed in existing preo=
cess instrumentation cabinets to which structural bracing and mounting rails
have been installed. Cabinet front and rear views are shown in figures 2-6

end 27, | 1

0718¢ 1b-042888 2-11




Figure 2-5 Man-Machine Interface (MM]) Cart
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Figure 2-6 Catinet Front View
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SECTION 3
EAGLE 21~ SYSTEM CONFIGURATION

3.1 DESCRIPTION

The Eagle 21™ system tested (Qualification Unit 2) is an exact replice of
Watts Bar Nuclear Power Station protection rack 13, This rack contains the
following instrument loops (subsystems):

Delta T/Tavg, Pretection

Steam Generator Wide Range Level, Post Accident Monitoring (PAM) (2
Channels)

Pressurizer Vapor Temperature, (PAM)

Resigual Heat Remova)l Pump Discharge Temperature, (PAM)

Reactor Coolant System Wide Range Pressure, (PAM)

3.2 CONFIGURATION/D

m
o
s
©
_
r
™
™y
: 4

Lo ]
X
*
>
>
o>
wr

The fellowing drawings/revision levels are attached to document the system
configuration tested:

Drawing Description Drawing Number/Revision

Terminal Block Wiring Diagrem, 1-47043, PW-13, Revision 3E
Protection Set 4

Process Control Block Diagram, 1080408, sheet 10, Fevision 11
Delta T/Tavg System

Process Control Block Diagram, 1080408, sheet 34, Revision B
WR SC Level

Process Control Block Diagram, 1080408, sheet 38, Revision 4

Pressurizer Liquid/Vapor Temperature

0718 1b-061688 3-1



Drawing Description Drawing Number/Revision

Process Control 3lock Diagram, 1080408, sheet 39, Revision
RHR Pump Discharge Temperature

Process Contro) Block Diagram, 1080408, sheet 43, Revision 1
RCS Wide Range Pressure

Eagle 21™ Schematic Diagrams, 1856E69, sheet 2, Revision 2
Rack 13 Protection Set 4

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

hargware tested:

[ : ) : :
Drawing Description

on Drawing Number/Revision

Cabinet Ceneral Assembly Revision 3

input Board Revision

Input Board Revision

B +$¢ R {EDPTNY Y
tput Board (EPT-G01)

Revision

Digital Contact Output Board (ECO-GO1) Revision

Analog Output Board 10-50 mA (EAD-GO2) Revision

Power Distribution Box (GO1) Revision

Termination Module Assembly

0-10 Velt (GO1) 2033779, Revision

0718c:1p~061688




Drawing Description Drawing Number/Revision

Termination Module Assembly
4-20 mA (GO1) 2027362, Revision 1

Termination Module Assembly
10-50 mA (GOS) 2N27362, Revision 1

Baseline Design Document 956083, Revision 0
*Digital Contact Output Board (ECO-GU1) 5367C61, Revision 4

*Partial Trip Output Board (EPT=GO1) 2033786, Revision 3

*Boards modified to successfully complete fault testing, Modifications made
and required retests are described in sections 8.2, B.3 and Appendix A.

1/0 and microprocessor boards were configured per design specification 956073,
Revision D.

System scftware used has been retazined on permanent file.

0719¢:15-081688 3-3
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SECTION 4
ISOLATION DEVICES PHILOSOPHY

4.1 DESCRIPTION

The Eegle 21 System uses the outpul signa) conditioning boards as an
fsolation barrier between fie'd leve) cignals and the microprotessor

subsystem, The Eagle 21™ uses the “ollowing types of isolation devices for
interfacing Class 1E signals with non-lE equipnent,

.
4

solation Devs

C7V6: 1o-08 168




SECTION §
TEST DESCRIPTION

$.1 NDISE TESTS

The Eegle 21™ system is & microprocessor upgrede to existing anelog plent
instrumentation and contrel (1 & C) eaquipment. The Eagle 21™ is installed
in the existing plant I & C process recks. The field termination wiring in
these recks cdoes not meet the spatie! seperation requirements between (less If
and non-lE wiring as specified by IEEE-3B4-1877 and Nuclear Regulatory Guide
1.75 Rev. 2. The purpose of the noise tests is to demonstrate thet the
protective actions of the Eegle 2l™ system are not affected by noise
injected into or adjecent to class non-lE wiring, Protective action is
gefined as the ebility to generate ¢ pertie) trip output signal upon input
signe) demang. NUREG 1.7% Appendix 1 section 4.5 allows the use of tests ¢
gemonstrate thet class 1E circuits are not degraded when minimum separetion
gistence is not meintadined. The noise sources were chosen to emulate
worst-case noise congditions which mey be present on non+lf wiring 4in the
Eagle 2.V process rack,

The Eagle 21™ ecuipment wes subjected to the following noise sources:

Random Neise Test (Antenna Coupled)

Crosstalk Noise = Chattering Relay Test (Antenna and Direct Couplesd)
Military Specification MIL=N-18800B Noise Test (Antenns Coupled)
High Voltage Transient Noise Test (Antenns Coupled)

Static Noise Test (Antenna and Direct Coupled)

o @ O O ©

For the random, high=voltage transient and military specification noise tests,
the noise source was antenna coupled to the class non-lE field wiring under
test. The noise scurce was applied to a 40-foot antenna wire adjecent to @
40-foot length of unshielded class non-lE field wiring, The antenna was
brought directly inteo the cabinet and bundled with Class 1E input/output
cables upon entering the process rack (see figure 5-1).

0716¢ "b-08 6B 5-1
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Figure 5-1. Noise Test Setup {“ntemna Coupled) Used for Randem, HY Tramsient, Hil-% and Crosstalk Tests




The non=1E test cadle was terminated with ¢ nominal load value. Load velues
for wech board type tested are given below:

Yator rd T Loed
10-50 mA current loop output, EAD 600 ohms
Digita) Contact Output, ECO *Open circuit and short circuit
Partie) Trip Output, EPT **40 watt incandescent 1ight buld

* Sinte the contact output boerd nominal load is unknown, both open and
short circuit tests were performed.

** This Yoad s consideres conservative since the resultant loop
impedence to transient signals 4s low compared to the inductive ‘oed
this board would normally service.

The crosstelk and static noise tests were conducted similarly, except thet an
sditional test was performed where the noise source was epplied directly te
the non-1f wiring., To prevent demege, the isolator was disconnected at the
Eugle 21" termination frame end the disconnected non-lE wires shorted to
complete the crosste'k nodse circuit loop. The disconnected non~lE wires were
open~circuited for the static ncise test (See figures 5-2, 5-4, and §-7).

tech noise test run consisted of 2 minutes of pretest cate, 2 minutes of test
gata (noise scurce supplied), and 2 minutes of post-test dete.

For & deteiled cescription of the noise test setup, see section 6.2.1.

For o detedled test sequence, channe) monitoring, and system externa)
connection information, see the noise test procedure in sppendix C.

$.1.2 Rendom Noise Test

This noise source wes generated by & random noise generator |
].c 1ts output was fed through & power amplifier [
I

¢

07'8e 1b-Da2bbE 63
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Figure 5-72. Noise Test “olup (Direct Coupled) Hsed for Crosstalk and Static Noise Tests



The redisted rendom noise characteristics are as follows:

Peak value: 20V
Frequency: 20 kMz - 10 W2

Figure 5-3 shows the random noise source test setup.

$.1.3 (Crosstelk Noise - Chattering Relay Test

A de and an ac reley were used to generste & radieted crosstalk noise. The
releys were set in & “chattering” or "buzzer' mode by wiring the normelly
closec relay contects in series with the relay coil. The following types of
releys were uset during the crosstdlk nofse-chattering relay test:

© Relay with & 118 Vac coil, 0.3 amp nomina)
© Relay with & maximum rating of 600 Vde, 125 Vee coil, 0.22 amp nomine!

Figure 5-da shows the d¢ crosstelk noise scurce == chattering relay test
setup. Figure 5-4b shows the a: crosstalk ncise source == chattering relay

test setup.

$.1.4 Military Specification Noise Test

Military specification noise testing was performed using switched cycling
neise sources with the characteristics of Noise Sources No. 1 and No. 2 4n
Military Specification MIL-N-153008.

The characteristics for Noise Source No. )| were:
Voltage: 115 Vdc

Inductance: 3 H
Resistance: 500 ohm

0719 1b-042888 6.8
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The characteristics for Noise Source No. 2 were:

Voltage: 115 Vac
Inductance: 10 mM
Resistance: 2 ohm
Repetition rate for both noise sources was 10 on-off cycles per minute.

Figure 5-5 shows the military specification noise source test setup.

$.1.5 High Voltege Transient Noise Test

This noise source was generated from a surge transient generator |

Jo touples to en fsolation network box [ 35
The high voitege transient noise characteristics are in accordence with
JEEE-472-1874 o3 follows:

ECRESQ: 3.3 kY
Surge Fregquenty: 1.2% MW2

Tﬁm. to ‘/2 ECRES? ® 6-‘ 1% ]
Repetition rate: 120 M2

Figure 5-6 shows the high voltage treansient noise source iest setup.

$.1.6 Static Noise Test

This noise source wes generated using & step-up transformer |
].c A velue of 580 Vrms at 60 Hz was injected into the non-1E test
cable and into the antenna assemdly.

Figure 5-7 shows the static noise test setup.

0718¢ 16-042688 5.8
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Figure 5 5. Military Specification Noise Sources
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.2 FAULTY TESTS

The purpose of the fault tests is to cdemonstrate that cradible faults injected
into the non=1E system do not propagete acrcss the class non-1E to cless it

- -

isolation barrier or from channel to channe! within the Eagle 21V process
rack. These tests are designed to verify that the Eegle 21™ system
isoletion devices are in compliance with 1EEE-278-1871, 1EEE-384-1861,
IEEE-603-1980, and Nuclesr Regulatory Guide 1.75 Rev. 2 concerning the
physicel independence of class IE circuits and class JE/non=1t interaction,

‘tages were Cetermined to be 5E0
tests (7300 system, QDPS

~

perforrec where applicab

e

19 e
t chalienged the nominal

For ceses where 125 Vac

Ra 3 e
80 Vac ang 250 Vet tests were performed thus

*
8.

: . : . AL :
veltages were app an  § ine (ungrounded) inic

g sminal . [P SN v -
teemingls wests merformag by boere

“FA AN
- S

Ae fault voltages were generated usir

~ -
{ [ 4

.

g & 7.5 KVA isolation transformer

igures 5-8 and 5-10 show the transformer

gonnectiions usec.

voltages ware generated using & 250 V, 20 A dc power supply

J., Two externa) 3300 uf
v c - .~ -
rs were added to incresse the potential energy available for fault
ation (See figure 5-11
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TABLE 5-1e
LINE TO GROUND
FAULT TESTS PERFORMED

1solator Boerd Type

Partia) Trip Output, Energized
Partial Trip Output, Deenergized
Digital Contact Outpui, NO, Energized
Digital Contact Output, NC, Energized
Current Loop Output, 10-50 mA

TAB;E 5’1b
LINE TO LINE

125 vde,
250 Vde,
250 Vde,
250 Vde,
125 Ve,

FAULT TESTS PERFORMED

1soletor Board Type

Fartia) Trdp Ouizut, Energized

Pertia) Trdp Qutput, Deecergizes
Nigita! Contact Outpui, WD, Energized
Digite'! Contact Output, NC, Energized
Digita) Contact Dursut, NO, Deenergized
Digita) Lentact Lutput, KNS, Deenergized
Current Loop Output 10-50 mA

0718¢ 1b-0a2888 $-13

125 Vee,
¢80 Vde,
125 Vee,
250 Vee,
280 Vee,
12% Vae,
12% Vac,

Feults Applied

125 Vac, 250 vée, 580 Vac
580 Vac
580 Vac
580 Vac
125 Vde, 250 Ve, SB0 Ve

Feults Appiied

165 Vde, 280 Ve B8O Ve |
£80 Vec
125 Vde, 250 Vde, 580 Vac |
580 Vat i
$BU Vac

12% Vde, 250 vee, $BO Voo
12% Vde, 250 vae, 580 Ves
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Each fault test consisted of & l-minute pretest run, & l-minute spplication of
fault and & 1-minute post-test run. Repairs required following each fault
test were recorded noting 811 failed components.

For a detedled description of the fault test setup, see section 6.2.2.

For deteiled test sequence, channe) monitoring, end system external connection
information, see the fault test procedure in Appendix (.

§.3 SURGE WIYHSTAND CAPABILITY (SwC) TEST

The SWC tests were conducted under norme) operating conditions of the syster
in accorcence with J1EEE 472-1874., The purpose of this test was to determine:
(1) the protective actions of the cagle 21™ system are net affected by
applicetion of the surge withstand test wave o the designated class non-lf to
class JE isolators, (2) thet no component failures occirred, and (3) thet nre
change in chanre) calibratiors occurren due to the aprlization of the surge
withstant tec -t weve.

-

est Cutlise
A1) syster inputs/outputs vere surge (ested in the commen and transverse noCes
faelging the system power supnly “rout sire.itry,

tach of the following systenm interfeces were fested:

o Digital Contact Output (NO and NC configurations), class non-lE/IE
isolator

o Partia) Trip Outout (energized and deenergized conditions), class
non-1E/1E so’ater
Current locp Output 10-50 mA, class non-lE/1E isolator
Current Loop Input (4-20 mA, 10-50 mA, with and without loop power
supply)

© WR RTD Input

0718¢ Yb-042888 §-18



© WR RTD Input (0-10 volt application)
o NR RTD Input
o Cebinet AL power feed

§.3.1.1 Common Mode Test

For this test, one termina) of the test generator was connected to each system
input or output connection group. The other terminal of the test generator
was connected to the ground of the surge generator (See figure 5+122).

£.3.1.2 Transverse Mode Test

For this test, the terminals of the test generator were connected to the high
and Yow of each system input or cutput signal pair (See figure 5-12b).

9.9.2 Test Imclementetion

The surge withstany cepability tes. vas carried out by using & surge generator
{ ".o8%c an fsplation network | :'c

The SWC test wave generated wes in accordarze with JEEE-472-1874 and hag the
feliowing charscteristics:

ECRES' . 215"‘

Surge Freguanty « .25 MF2
1ime t0 i/¢ ECREST = 6-4 v 8
Repetition Freguency * 120 M2

Each SWC test run consisted of & 2-minute pretest run, 2-second epplicetion of
the SWC test wave, and 2 2-minute post-test run.

Figure 5-12¢ shows 2 schematic diagram of the equipment connections which were
implemented during the SWC test.

071%c 1p-Da2BbE 618
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Test Connection
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A deteiled description of the SWC test implementation is given in the SWC Test
Setup Description, section 6.2.3.

For detailed test sequence, channe! monitoring, and system externa) connection
information, see the SWC tast procedure in appendix C.

$.4 RADID FREQUENCY INTERFERENCE (RF1) SUSCEPTIBILITY TEST

The purpose of this RF] susceptibility test was to evaluate the performance of
the system when subjected to electromegnetic fields such as those generated
from portable radio transceivers or any other devices that generate
continuous-wave racisted electromagnetic energy.

$.4.1 Test Methogolopy

The RF] suscepthility tests wera concuc. ey 'n acturdante with SAMA $igrdern
PMC 33.1-187B. The classas of fleld sirengths the system was subjected to

”~

Jerd 3 V/m end i V/m over thy entire fraquency renge of 2C MMz to 1 fik2,

Two types of tests were performed. In tha fisat, referred teo o2t @
"moculacion" test, 8 computerccottrailel sweep of the signal peneratur war
vtiiized, |

]':.c 1n the gecond test, ceferred to s 2 “keying" test, the
signal generator output was turned or and off &t l-second intervals and with
very short rise and fall times to simulate the keying of a transceiver.

§.4.2 Test Location

The tests were carried out in & shielded enclosure (anechoic chamber) |

J‘c
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5.4.3 Test Equipment

Two types of antennae were used during the testing. A biconice) antenna
covered frequencies ranging from 20 MMz to 160 MHz, and 2 Yog periodic antenra
covered ‘requencies ranging from 160 MHz to 1 GHz,

Two power amplifiers were used to cover the whole frequency range. The first
amplifier covered 20 MHz to 500 MHz; the second amplifier covered 500 MKz to 1
GHz.

et

Ty

§€.4.4 Test Procedure

Celibration testing wes conducted to yenerate a calibration cdate file for the
contrel computer for the signa’ generator. Once calibration testing wes
completed, modulation ang keyi : tests were performed on the system.

A deteiled description of the radic frequency interferonce test implementetion
. given in the Redic Freguency Interference Test Setup Description (section

b.2.4),

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

5.4,5 Calibration Test

The calibration data files were generated for 3 V.m and 10 V/m over the entire
frequency band (20 MHz to 1 GHz), for both vertical and horizontal
polerizations, for use in implementing the modulation and keying tests.

Figure 5-14 is a photo of the anechocic chamber showing the log periodic
entenra in the horizontal polarization calibration [

).

o
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Figure 5-13. Radio Frequency Interference Equipment Test Setup
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Figure 5-14.

Radio Frequency Field Calibration
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§.4.6 Modulation Test

P
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Figure 5-15. Bloci Diagram of Radio Frequency
Interference Calibration Tests
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Figure 5-17. Block Diagram of Radio Frequency
Interference Modulation Tests
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F o | - - ‘- & b | N %
A deteiled description of the R st implementa

S ¢ m Neerrs
etlul vescC

For detailed t 1 monitorin

toring, anc system external connects

: . : L
information test procedure in Appendix C.

The keying test freguency selection was performed manually. The most

susceptible points, &s determined by the modulation tests, were subject

ted
the keying test. At least three datz points per octave were tested. Tab!

$-2 shows the keying test freguencies.
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TABLE §-2
KEYING TEST FREQUENCIES
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During the keying test, only the front of the cabinet wes targeted, because
this was considered to be the "most susceptible side" to the RF field,
Verticel and horizontal polarizations were implementec. |

0718¢c 1b-042888 §-32



Figure 5-18, Block Diagram of Radio Frequency
Interference Keying Tests
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SECTION 6
TEST SETUP AND MONITORING

6.1 TEST SETUP

The test setup consisted of an input/output simulator and recording test
station. Test equipment included a data iogger, tape recorder strip chart
recorder, voltmeter, and an oscilloscope. Figure €-1 shows the cabinet and
field cable setup. Figure £6-2 shows the test equipment setup. Figure 6-3 is
& test configuration block diagram,

6.1.1 System Connections

Forty=foot field cables were routed from the test station through the cabinet
top entry and were terminated at the field terminal blocks. Cable shields
were terminated at the field terminal blocks and left open at the test station
per standard wiring practice. A1) cables were bundled together (1E and
non=1E) upon entry into the cabinet. System external connection diagrams are
provided in section 3.

)

6.1.2 Simulated Input Signals

nput signals were simulated in 2 manner which replicates, as close as
pessible, actual plant sensors. The 1isting below gives signal type,
simulation method, and circuit figure reference:

Input Simulation
Signal Type Method Figure
0 - 10V Voltage source N/A
4-20 mA/10-50 mA Transmitter 6-4
Wide Range RTD Potentiometer 6-5
Narrow Range RTD Precision resistor 6-6
network

0720¢ 1b-061688 £-1
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Figure 6-5.
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wide Range Resistance Temperature Detector (RTD)
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: Figure 6-6. Narrow Range Resistance Temperature
Detector (RTD)
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Actua) simulated input values for each test are specified in the test
procedures, appendix C.

6.1.3 Date Acguisition System

The data acquisition 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

The 1isting below gives output signal type, monitoring method, and circuit
figure reference:

Output Monitoring
Signal Type __Method fFigure
10 = 50 mA resistor 6-7
Trip Qutput 120 Vac detector, status light 6-8
Contact Output voltage/resistor 6-9

Actua) output points monitored for each test are specified in the test
procedures, appendix C.

6 1.3.1 Tape Recorder
A ld-channe] FM tape recorder was used to provide & permanent record of syster

performance before, curing and after each abnormal event (noise, surge, RFI,
ete.). |

}b,c

Tape recorder monitored signals were processed through buffer amplifiers.
6.1.3.2 Data Logger

The 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!l

0720¢ 1h~0D42B88 £-8



Figure 6-7. 10-50 mA Current Loop Output Monitoring
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Figure 6-8. Contact Output Monitoring
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monitored channels to verify that system performance was normal, After each
test, another printout of the data for all monitored channels was generated to
verify that system performance had not degraded during testing., These
printouts were then attached to the backs of the data sheets. Te prevent

noise spikes caused by periodic data sampling, the data logger was not
connected during testing.

6.1.3.3 Strip Chart Recorder

Two 8-channe! strip chart recorders were used 2s a continuous monitor of

system performance before, during, and after each abnormal event. An event

mavker was used to mark the beginning and end of each abnorma) event. The

4 Ameal - - AR " 14434 [
monitored signals were processed through buffer amplifiers. |

The tests were monitored in a

ith the acceptance criteria outline
in section 7. Selected system i output points were monitored to measure

« ¢ ~ 4 - - - - \ 1 1 - .-
svstem performance during the n fault, surge, and radic frequency

interference testing. The man-machine interface (MMI) terminal was
gisconnected during the test runs.

The MM]I connection can be construed as an

<

gditional antenna. During actual plant operation, the MMI is only connected
ing cabinet testing and only jon set is allowed in test at 2

time. Thus, the MMI connection nsidered common mode |

3't,c The MMI was connected

interrogate input signal processing

-

pericdically to trou
performance.

Specific deta points monitored were determined by the particular test being

performed. In general, points monitored were chosen to best monitor overal’

Eagle 21~ system performance.
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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
the end of this section for information,

6.2.1 Noise Test Setup Description

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

© Analog outputs == Four analog output channels were monitored
continuously during the noise tests. The channels monitored
replicated signals processed by current loop, wide range RTD, and
nerrow range RTD input signal conditioning boards. Thus, system
anelog input/output processing performance was measured.

o Digital outputs == A single variable NR RTD (Thot3) was chosen to
toggle all six Delta T/Tavg System trip outputs. A1l six trip output
channels were toggled utilizing the variable RTD circuit shown in
Figure 6-6. The control reley was cycled continuously during
pre-test, test and post-test runs [

]‘b.c The Delts
T/Tavg system inputs were set just below and above the trip output
toggle point (.2% or less). The Delta T/Tavg system utilizes
current loop, NR RTD and 0-10 volt analog input signals to generate
partial trip output signals (see section 3 for system block
disgrams). Thus, any significent degradation in system input signa)
processing would result in & trip output status failure. A normaily
osen contact output channel wes also monitored. The contact output
wus normally energized throughout the test.

Trip output status was monitored continuously during the noise tests using a
strip chart recorder.

Analog/digital channels adjacent to the non-1E channel under test were chosen

for monitoring to emulate worst case system configuration. See figure €-10
for the noise test data sheet.

0720¢ 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 (PASS/FAIL):

NOISE APPLIED

REMARKS/OBSERVATIONS.
ANALOG OUTPUT PRETEST
NAME /TAG NO, DC VALUE P<P NOISE DC VALUE

FIR VAP/T4544

NROTEMP/TAALL

NR TEMP/T441K

WR PRE/P408E

TAPE SET:

TAPE FOOQTAGE:
(PRE-TEST/TEST/POST-TEST)

REMARKS/DBSERVATIONS:

PERFORMED BY/DATE:

Figure 6-10.

0720¢ 1b-042888
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6.2.2 Fault Test Setup Description

Eagle 21™ system performance, while subjected to the fault tests described
in section 5.2, was monitored in the following manner:

Channels adjacent (left, right, top, bottom) to the channel under test
were chosen for monitoring.

Minimum physical separation betwsen the channel under test and
adjacent channels was provided. Cabinet configuration was altered to

rovide minimum physical separation for the digital contact output

L SR

- -
v -

- . : % 2 1 1 3 -
ihe channe was continuousiy monitored immed ately prior to

the fault 14 ' disconnected from the date acquisition system

(DAS) du , ang reconnected to the DAS upon

fele
remova

1 x4 7 . a 8 \
owing the test, a necessary repairs were recorcded noting a

failures and channe) operability was verified.
the fault test data sheet.

-~ .2 \ - - s g
thstand Capability est Setup Description

e o

A Mo LA 4 s 4 i
tagle ¢l™ system input/output performanca, while subjected to the SWC

described in section 5.3, was moni in the following manner:

og output channels were monitored
the surge tests. The channels monitored
replicated si s processed by current loop, wide range RTD, and

in

put signal conditioning boards. Thus, system

nal
~
0

narrow range

analog input/output processing performance was measured.
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SYSTEM STATUS:

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 (+) (+) TO (=)
VOLTS (=) TO (+) (*) 10.(*)
TEST INJECTION POINT TEST CONDITION
1/0 CARD TYPE POINT #
PRE-TEST
DATA LOGGER VERIFICATION* PRINT QUTPUT #
SYSTEM STATUS
REMARKS AND TEST OBSERVATION
DISCONNECT DATA LOGGER
TEST
TAPE RECORDER FOOTAGE BEGIN END SET #
SPEED TIMET (START): (STOPY:

REMARKS AND TEST OBSERVATION

POST-TEST
DATA LOGGER DATA VERIFICATION* PRINT QUTPUT #

SYSTEM STATUS:

REMARKS AND TEST OBSERVATION

PERFORMED REVIEWED

Figure 6-11. Fault Test Data Sheet

0720c.1b~042888 £-16



o Digita) outputs -- A single variable NR RTD (Thot3) wes chosen to
toggle &1l six Delta T/Tavg system trip outputs. A1l six trip output
channels were toggled utilizing the variable RTD circuit shown in
Figure 6-6. The control relay was cycled continuously during
pre-test, test, and post-test runs [

]'b,c The Delta
T/Tavg system inputs were set just below and above the trip output
toggle point (.2% or less). The Delta T/T.vg system utilizes
current loop, NR RTD and 0-10 volt analog input signals to generate
partial trip output signals (see section 3 for =ystem block
diagrems). Thus, any significant degradation in system input signal
processing would result in & trip output status failure. The contro)
relay was not cycled during the partial trip moiule tests to ensure
that the channel in test remained in one state (energized/decnergized)
during the application of the surge.

Trip output status was monitored continuously during the noise tests
using @& strip chart recorder.

The following test methods were utilized to best measure system performance:

© Input/output channels edjacent to the output channel under test were
monitored.

© During application of the surge test wave, the strip chart recorder
chart speed was increased to improve resolution,

© Analog output channels replicating input channels under test were
monitored.

Figure 6-12 is the Surge Test Data Sheet.

0720¢ 1b-042888 6-17



SURGE TES™ DATA SHEET

Procedure Rev,

DATE
TYPE TEST ¥
TRANSVERSE MODE
COMMON MODE

TEST INJECTION POINT 1/0 CARD TYPE POINT ¢ ___

PRE-TEST
DATA LOGGER VERIFICATION PRINT OUTPUT ¢

SYSTEM STATUS:

REMARKS AND TEST OBSCRVATION

DISCONNECT DATA LOGGER

18
TAPE RECORDER FOOTAGE BEGIN END _SET #
SYSTEM STATUS:

REMARKS AND TEST C3SER/ZTIONS:

POST-TEST
DATA LOGGER DATA VERIFICATION®*  PRINT QUTPUT #

SYSTEM STATUS:

REMARKS WND TEST OBSERVATION:

PERFORMED REVIEWED

Figure €-12. Surge Test Data Sheet

0720¢ 1b~042888 6-18



6.2.4 Redio fr!g!!ngx Interference Test Setup Description

Eagle 21 system input/output performence, while subjected to RFI, was
monitored in the following manner:

Analog outputs =+ Four analog output channels were monitored
continuously during the RF] test., The channels monitored repliceated
signals processed by current loop, wide-range RTD, and narrow-range
RTD input signa) conditioning boards. Thus, system analeg
input/output processing performence was messured.

Digite) outputs == A single variable NR RTD (Thotd) was chosen to
toggle a1l six Delte T/Tavg System trip outputs. A1l six trip outpt
*hannels were toggled vtilizing the variab’e RTD circudt shown in
Fiqure 6-6. The contro) reley wes cycled ot the start of eech
fregquency run, meesuring trip output performance curing the RFI
event, The Delta T/Tavp system inputs were set just below and above
the trip output togg'e point (.2% or less). The Delts T/TM syster
utilizes current loop, NR RTD and 0-10 volt analog inputs to generete
pertial trip output signels (see section 3 for system block
disgrams). Thus, any significant degradetion 4n system input sigrs)
processing would result in a trip output stetus failure, A normelly
open contact output channel was also monitored. The contact output
was normally energized throughout the test.

In addition to continuous monitoring via the strip chart recorder,
trip output status was elso sampled by the control computer bhefore,
during, and after energization of the control reley. Any
discrepancies between actual and expected trip output status were
flagged by an error message. See figures 6-13 and 6-14 for RF]
modulation and keying test cate sheets, Figure 6-15 is the Tape
Recorder Log Sheet.
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RADIO FREQUENCY INTERFERENCE TEST DATA

TARGET: (CABINET POSITION

CALIBRATION FILE

FIELD STRENGTM LEVEL: (V/m)

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

DATE:

TEST PERFORMED BY:
REVIEWED BY:

TAPE NAME:
TAPE SET:

.L: &

4T
4

-— P
=

™

™
. vy
-

.
L

WIPUT PATTERN

s CY -
CY 2O

-
~
.

CONDITION OF BISTABLE STATUS (TRIP OUTPUT

REMARKS
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RADIO FREQUENCY INTERFERENCE TEST DATA

TARGET : éCAB!N[T POSITION)
FIELD STRENGTH LEVEL: (V/M)
TYPE OF ANTENNA: (LOG PERIODIC OR BICONICA

L)

ANTENNA POLARIZATI (HORIZONTAL OR VERTICAL)
DATE:
TEST PERFORMED BY:
REVIEWED BY!
TAPE NAME:
TAPE SET:
TAPE RECORDER START AT, (FDOT)
FREQUENCY: (MH2)
(DATE)
(TIME)
(FIRST KEY CYCLE) (SECOND KEY CYCLE)
EVENT D16 [K=OFF) INPUT DIG [K-ON) INPUT
(EXPECTED TRIP 1 00 0011 00 0011
OUTPUT PATTERN) ¢ 11 1100 11 1100
REMARKS:
FREQUENCY: (MKD)
(VATE)
(TIME)
EVENT DIG [K-OFF) INPUT DIG [K=ON) INPUT
1 00 0011 00 0011
A 11 1100 11 1100
REMARKS
FREQUENCY: (MM2)
(DATE)
(TIME)
EVENT DIG [K=OFF) INPUT DIG [K-ON) INPUT
| 00 0011 00 0011
2 11 1100 11 1100
REMARYKS:

ENDING TAPE RECORDER FOOTAGE FOR THIS SET OF DATA: (FOOT)

Figure 6-14, RFI Keying Test Data Sheet
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Figure 6-15. Tape Recorder Log Sheet
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SECTION 7
ACCEPTANCE CRITERIA

7.1 DESCRIPTION

The general acceptance criterion for the IE safety-related system is that the
system sha!] remain operationa) before, during, and after any one of the
abnormal events described in Section § and 1isted below. Specific ecceptence
eriteria fer the noise, fault, surge withstand capability, and radio freguency
interferen ¢ tests are cdefined in the following paragrephs.

7.1.1 Noise Test Acceptence Criterie

.
The Eagle 21™ syster sha)) remain operationz) and maintain protective action
before, curing, end after any credible noise event described in section £.1.

7.1.2 Fault Test Acceptance Criteria

The Eagle 21™ system shall remain operational and maintain protective action
before, during, and after the application of any credible faults as describes
in section 5.2. Faults shell not propegate across the class non-1E to

class 1€ isolation barrier or from channe) to channel,

-
{s

1.3 Surge Withstand Capability Test Accepteance Criteria

The Eegle 21~ system shall remain operational and maintain protective artion
before, during, and after application of the surge withstand test wave to the
designated class non=1E to class 1-E isolators as described in section S.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 pane! and MM] communications connections.,

0720¢ 15=061688 -1



7.1.4 Radio Freguency Interference Test Acceptance (riteris
The Eagle 21™ system shal) remain operational (i.e., continuous microprocessor

operation) while exposed to the radio freguency interference tests described
in section 5.4,

0720¢ 1b~06 1688 72



SECTION 8
TEST RESULTS

“he results of the system noise, fault, surge, and RF] tests are besed on the
scceptance criteris defined in Section 7. System performance during these
abnorma) events s described in the ensuing sections. The results are
reported in tabuler format at the end of this section.

8.1 NOISE TEST RESULTS

Tebles B-la through B-1p report the results of the noise tests. Analog output
noise in 811 ceses wes coupled wire~toswire fram the non-1E cebling to the IE
cabling or directly into the analog output channel, The noise did not affect
anelng input or digita) output signel processing. Thus, protective action weas
meinteined before, during, and after a1l crecible noise events. 1n 2!l cases
the analog output signals returned to normel upon removal of the noise signal.

The test effects column of tables B-la through B-lg reports the worst-cese
enalog output signa) shift for esch test run,

A system performence summery is given below for each type of noise test”

worst Case Shift 4n

Noise Test Analog Output Signals Results in Table
o —
Random

Ac Chattering Relay
De Chattering Relay
Mil-Spec Noise #1
Mil-Spec Noise #2

Kigh Voltage Transient
Static -

0720¢ 1b-08'688 8-l



The ac noise sources (ac chattering relay and Mil-spec noise #2) produced
spiking on the analog output signal and an increase in the backyround noise
Tevel, There wes no recoried sh'ft in the nominal dc value. The random high-
voltage transient and dc chattering relay noise sources produced & shift in
nominal dc value and an increase in background noise level.

8.2 FAULT TIST RESULTS

Tobles B-22 and B-2b report the results of the 1ine-to-ground and the line-to-
Tine fault tests., Closs-1E fsoletion was meintained in 2)) ceses. Damege was
1imited to components located on the non-lE side of the isolator or the non-lE
side of the isolation device. Ane'ey vutput noise vecorced was coupled
wirestocwire and vas limited ¢z 2 spike upon fault eppl’cation in isoletes
instances, No effects were observed on the system input processing or
trip/contact output processing subsystems. Thus, protective sction wes
meintained before, during, and after fault applicetion. Sections B.2.1 end
8.2.2 summarize the test results of the fine) board designs (see section 3 for
grawing references). Secticr £.2.3 describes the board modificetions required
and tables B-2a and B-2b report the test results of the original board designs.

B.2.1 Linete-Groung Fault

System Performance Summary:

Effects on
Adjacent
Board Type Feult Voltege Channels Demege
Current Loop Output 125 Vae B i
1050 ma 125 Ve
250 Vae
580 Vac
Digita) Contact Output 125 Vac
125 Vee
250 Vde
580 Vat -l byt

0720¢ 1b-061688 g-2



Effects on

Adjacent
Board Type fevlt Voltsge  (Channels Demege
Partia) Trip Output 125 Vac a8
125 Ve
250 Ve
SR80 Vae L b.c
B.2.2 Linectoriine foylt
System Performance Sunmary:
Effects on
Adjecent
Eoerg Tyve Feult Voltege Chennels Demege
current Loop Output 125 Vec PY o
10-50 mA
128 Vee
250 vee
580 Vae
Diaite) Contact Output 125 Vac
125 Ve
250 Ve
580 Vae

0720¢ 16-081688 g-3




Effects on
Adjacent
Board Type Fault Voltage Chennels

Partia) Trip Output 125 Vae
125 Ve
250 Vde

MOV = Metal Oxigde Varistor
SSR = Splid State Relay

8.2.3 Board Mogifications Reguired

During fault testing of the oriminal contact output and partial trip output boerd
designs, failures in transient suppression devices (metal oxide veristors, MOV) caused
component rupture and damage to adjacent channel circuitry., Since the fault test
ecceptance criteria (section 7) state that adjacent channels shal) not be 2ffected by
faults applied to & non-1E channel, modifications were required. Applicable fault
retests were performed following the board modifications. The modifications by beard
type ere summarized below,

0720¢ 16061688 g4



8.2.3.]1 Partia) Trip Output (EPT) Board

The origina) EPT boerd design utilized line-to-ground and line-to-1ine MOVs
[ ]‘b.e These MOVs failed and
ruptured causing adjacent channe) damage wpon applicetion of 250 Vde and 5&0
Vac line- to-line and line-to-ground faults.

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

For more informetion concerning the EPT modifications see Appendix A,
8.2.3.2 Digital Contact Output (ECO) Boare

The original ECO poard design utilized 1ine-to-)ine MOVs [

:‘b.c These MOVs friled end ruptured upon
application of & 5B0 Vac line=to-line fault. Although there was no recordes
degradetion in edjacent channel performance, MOV material was sprayed on
sdjacent channg! circuitry., Since the EPT boerd experienced adiecent charre’
failure due to MOV rupture, & design change was implemented to prevent MO\
rupture. | '

Jb.:

8.3 SURGE WITHSTAND CAPABILITY (SwC) TEST RESULTS

Table B-3 reports the resuits of the SWC tests. No component fadlures
occurred and there was no recorded chenges in channel calibrations due to
applicetion 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 1E isolators. An2log output noise recorded wes coupled
through the associated input signa) conditioning channel while the surge wes
epplied. Noise was radiatively, and conductively, coupled into the input

0720¢ 16-061688 8-5



channel, This conclusion is substantiated by the fact that noise was recorded
on the channe) under test as well as on adjacent chanrels. 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 nc cose was 2 false triggering of o partial trip or
contact output hardware module recorded. In a)) ceses thesr modules provided
the appropriate outputs per loop celculation processor request. Thus, adverse
eystem performence was limited to the anelog 1/0 processing subsystem. In &l
coses, the enelog 1/0 processing subsystem returned to normal operation upon
remove! of the SWC test wave. The loop processor subsystem meintained
continuous operation before, during, and after al) SWC test ceses.

The test effect column of Table -2 reports the meximum recorded shift from
noninal of an analog output signe) for a specified test.

8.3.1 Common Mogde Tests

System Performance Summary:

lorst=Cose Shift in Component Damage,
Type ¢f 1/0 Board Anglop Lutaut Signals Colibration Shift

Wige-Renge RTD lImput o : -
Narrow-Range RTD Input
WR RTD 0«10V Input
Current Loop Input
10-50 mA, Active
Current Loop lnput
10-50 mA, Passive
Current Loop Input
4-20 mA, Active
Current Loop Output
1050 mA
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Worst Case Shift in Component Damege,
Type ot 1/0 Board (cont) Analog Output Signeis Lalibration Shift

AC Input, Cebinet Power
Partia) Trip Output

Digita) Contact Output b,¢

6.3.2 Iransverse Mode Tests

“ystem Performance Summary:

Worst Case Shift in Component Damege,
Tipe of 1/0 Boerd Antlog Output Signels Celibration Shift

Wige-Renge RTD Input ¥ i
Nerrow=Range RTD Input
WR RTD 0-10V lnput
Current Leop Input
10-50 mA, Active
Current Loop Input
10-50 mA, Passive
Current Loop Input
4-20 mk, Active
Current Loop Output,
10-50 mA
At Input, Cabinet Power
Partia) Trip Output
Digital) Contact Output

e "b.c

8.3.3 Board Modifications/Retests

The digita) contact output and partial trip output boards experienced failures
during the fault tests. See section 8.2 for a report on the required boerd
modificetions, These modifications were made to the transient voltage
suppression circuitry on these boards.

0720¢ 10-061688 8-7



The contact output board was retested to verify compliance with
JIEEE-472-1974. Only transverse mode transient suppression across open
contacts was affected by the the modifications. Retests S57 and S58 were
performed following the modifications to verify board performance.

The pertial trip output board common and transverse mode transient suppression
circuitry wes modified. An analysis was performed (appendix A) in lieu of
retesting and supports the original SWC tests, S$1%-516,

8.4 RADIO FREQUENCY (RF) INTERFERENCE TEST RESULTS

Tables B-4a and B-4b report the results of the RF moduletion and keying

tests. In genere!, analog output noise recorded was coupled through the
essoc’ated input signal conditioning channel., At isolated low frequencies
(100 MMz or less) some noise was coupled directly into the anelog output
charne!. Trip output status failures were caused by noise coupled through the
NR RTD input channels. Since the trip outputs ere & function of the NR RTD
inputs, erroneous trip outputs did occur. In no case was & false triggering
of a pertial trip or contact output hardware module recorded. 1In 21) cases,
these modules provided the appropriate outputs per lovp calculation processer
request. Thus, adverse system performance was limited to the analog 1/0
processing subsystem. In a)l cases the analog 1/0 processing subsystem
returned to normal operation upon removal of the RF field. The loop processor
subsystem maintained continuous operstion before, during, and efter all
modulation and keying test cases.

The two noise coupling paths (input and output) produced different recorded
noise cheracteristics. The noise coupled through the inputs was most severe
at the start and end of each freguency test run. The noise consisted of @
spike upon application of the RF fiela, followed by & period of reduced noise,
and ending with & spike upon removal of the RF field. The keying test results
summary reports the worst-case transient analog output signal shifts., Noise
coupied directly into the analog output channel produced a shift in the
nominal dc value and an increase in the background noise level throughout the
affected frequency test run,

0720¢ 1b-061688 8-8



An additional test was performed to confirm that the noise coupled through the
input channel was radiatively coupled and not conductively coupled. The RF
signel generator was used to inject an ac coupled RF signal directly into the
NR RTD input board with a nominal dc voltage applied to the input. The
man-machine interface termina)l was menitored during the noise injection and no
effect on the input signel was observed. |

]b.c

The test effect column of Tables B-4a and B-4b reports the maximum recordes
shift from nominal of an analecg output signal over the frequency range
specified and reports the fregquencies at which trip output stetus failures
eccurred.

B.4,1 Mogdulation Tests

System Performence Summary:

worst-Case Shift in

Freguency Bang Analog Output Signals
20 = 160 Mhz
160 - 500 Mkz

500 - 1000 mH2

0720 ' 5-061688 8-



8.4.2 Keying Tests

System Performance Summary:

Freguen n

20 - 160 MH2
160 ~ 500 MHz
500 - 1000 MHz

Norst-Case Shift in
Anglog Output Signal

B8.4.3 C(Cabinet Mogifications Reguired

Modifications were made to the Fagle 21™ cabinet to improve system immunity

to RFI!., |

‘b,e

There mogdifications were made prior to the

recording of final data shown in tables B-4a and E-db.

0720¢:1b-061668
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TABLE 8-1b
AC CROSSTALK NOISE TESTS - CHATTERING RELAYS

Test Type of Test
Number 1/0 Board Effect

N7 Partial Trip Output, Ant Co. r 5

N8 Partial Trip Output, Dir Co.

N3 10-50 mA Current loop Dutput, Ant Co.

N1O 10-50 mA Current Loep Ouiput, Dir Co.

N1l Digital Contact Output, NO, OC, Ant Co.

N12 Digital Contacl Outlput,k NO, SC, Ant Co.

Ni3 Digital Contact Output, NO, Dir Co.

Ni4 Digital Contact Output, NC, OC, Ant Co.

N1S Digital Contact Output, NC, SC, Ant Co.

s 4 b,c

Open Circuit NO = Normaily Open Aat Co.

= Antenna Coupled
Short Circuit NC = Normaily Closed Dir Co.

AOS = Analog Output Signal Shifts oc
Direct Coupled

TOF = Trip Output Faiiures SC

0720c 15061638
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TABLE B-1c
DC CROSSTALE NCISE TISTS - CHATTERING RELAYS

Test Type of Test
e 1/0 Board Effect

N1G Partial Trip Output, Ant Co. §

N17 Partial Trip Dulput, Dir Co.

Ni8 10-50 wA Current | op Output, Ant Co

N19 10-50 mA Current lLoop Output, Dir Co.

N20 Digital Contact Ouiput, NO, OC, Ant Co.

N21 Digital Contact Ouiput, NO, SC, Ant Co.

N22 Digital Contact Culput, NO, Dir Co.

NZ23 Digital Contact Output, NC, OC, Ant Co.

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

- — b,c

ADS = Analog Output Signal Shifts 0C = Open Circuit NO = Normally Open Ant Co. = Antenna Coupled
TOF = irip Output Failures SC = Shert Circuit NC = Normaily Closed Dir Co. = Direct Coupled

0720c ' O616RR
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TABLE 8-1d

MILITARY SPECIFICATION

NOISE SOURCE #1 TESTS
(ANTENNA COUPLED)

Test Type of
Number 1/0 Board

Partial Trip Output

10-50 mA Currenl (oop Outpul
Digital Contact Output, NO, OC
Digital Contact Cutput, NO, SC
Digital Contact Output, NC,  0OC
Digital Contact Gutput, NC, SC

S35 ED

?

Mﬂog Output Signal Shifis = Open Circuil
TOF = Trip Output Failures SC = Short Circuit

0720c 1h-065168%
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TABLE B-le

MILITARY SPECIFICATION
NOISE SOURCE #2 TESTS

{ANTENNA COUPLED)

Test

§

N32
N33
N34
N35
N36

Type of
1/0 Board

Partial Traip Oulput

10-50 mA Currert lLoop Duiput
Digital Contact Dutput, NO, 0OC
Digital Contact Output, NO, SC
Digital Contact Output, NC, OC
Digital Contact Oulput, NC, 5C

oc
SC

Open Circuit
Short Circuitl

Test
Effect

Normaily Open
Normaily Closed

0720« 1h 0K16R8




TABLE B-1f
HIGH VO TAGE TRANSIENT NOISE TESTS
{ANTENNA COUPLED)

Test Type of Test
Nusber 1/9 Board Effect
P . = -
N37 Partial Trip Output
N38 10-50 mA Current loop Output
N39 Digital Contact Output, NO, OC
N4D Digital Contazt Output, NO, SC
N4l Digital Contact Output, NC, OC
@ N42 Digitai Contact Output, NC, SC
o ° Jb,c
A0S = Analog Output Signal Shifts 0C = Open Circuit NO = Normally Open
TOF = Trip Outpet Failures SC = Short Circuit NC = Normally Clesed

0720c 'H 061688
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TABILE B-1g
STATIC NOISE TESTS

Test Type of Test
Number 1/0 Board Effect

N43 Partial Trip Oulput, Ant Co. g :

NA4 Partial Trip Output, Dir Co.

N4S 10-50 mA Current loop Output, Ant Co.

N46 16-50 mA Current lLoop Output, Dir Co.

N47 Digital Contact Ouiput, NO, OC, Ast Co.

N48 Digital Contact Output, NO, SC, Ant Co.

N49 Digital Contact Output, NO, Dir Co.

NS0 Digital Contact Output, NC, OC, Ant Co.

NS51 Digital Contact Output, NC, SC, Ant Co. ki -
OC = Open Circuit NO = Normally Open Ant Co. = Antenna Coupled
SC = Short Circuit NC = Normally Closed Dir Co. = Direct Coupled

0720c b DR1688
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TAME B-2a
LINE GROUND FAR T TESTS

Test voitage
Mo Level

L] 125 VAC
2 .25 VAC
F3 125 v
Fa 125 voC
L 125 vOC
L 125 vbC
£7 250 vbC
(3] 250 vbC
Fao 250 vOC
10 250 vOC
Fir 580 VAC
F12 580 VAC
£13 250 voC
Fia 250 VDT
F15 250 vVbC
F16 250 voC
F17 580 VAC
F18 580 VAC
F19 125 VAC
F20 125 VAC
2 125 vbC
F22 125 vbC
F23 125 v
F2a 125 vDC
*F25 250 voC
*F26 250 vbDC

0720 1b- 061688

Current
Current
Current
Current
Current
Current
Current
Current
Current
Current
Current
Current
Pigital
Digitat
Digttal
Digital
Digital
Digttal
Partial
Partial
Partial
Partial
Partial
Partial
Partial

Partial

Type of
1/0 Board

Loop Outpuet
Ltoop Output
toop Oulput
1oop Dutpot |
Ltoop Output |
toop Output
Loop Output
Loop Output
Loop Outpot
Ltoop Output |
Loop ODutput |

383

Ltoop Dutput | 10

Contact Output |
Contact Dutput
Contact Dutpat
Contact Output
Contact Output
Contact Output
Trip Dutput BN
Trip Output | EN
Trip Owtput . EN
Trip Output | N
Trip Output | EN
Trip Output | N
Trip Output, N

Te ip Output . N

33333333

2222584939888
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TAME B 2a (Cont inused)
TINE GROUIMND FAl T TESTS

Test Voltage Type of Test

No . Level 1/0 Board Connect fons Adjacent Chamnels Damage
27 250 VDC Part1al Trip Outpat N s 1010 43
*F28 250 vOC Partial Trip ODutput N - to L0

29 250 vOC Partial Trip Output  DFEN . to M1

F30 250 vDC Partt1al) Trtp Output | BN “ to M

Fn 250 vOC Partial Trip Dutput | N to 1t

32 250 vDC Partial Trip ODutput . N to Ml

F33 250 vDC Parttal Trip Output &N - to 10

Fla 250 vDC Parttal Trip Dutput . DFEN - to 10

£35 250 vOC Partial Trip Output | N 4 to D

F36 250 voC Partial Trip Dutput, TN + to L0

F37 S80 VAC Partial Trip Output | N Hto L0

F38 580 VAC Partial Trip Output  DFN " toto

F39 SR80 VAC Partial Trip Dutput | N " to MI

Fa0 SRO VAC Partial Trip Output, DEN H to M1 S

* » Tests of original partial trip output board design

EN = energired ND - Normally Open
DEN = Deenerglzed NC = Normally Closed

0720c ' 061688
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TABLE B 70
LINE-TO-1LINE TESTS

Test Voltage Type of Test Effects on
No Level 1/0 Board Connect tons Adjacent Channels
Fan 125 VAC Current Loop Output . 10 50 mA Mto s, Nto - P
Fa2 125 vol Current Loop Output | 10-50 mA > oo, — %o -

Fa3 125 v Current Lnop Dutput 10 50 mA - o4, % o -

Faa 250 voC Current Loop Output . 10-50 mA oS, -y

Fas 250 voC Current Ltoop Dhtput | 10-50 mA - 0, % %o -

Fa6 580 VAC Current Loop Output . 10-50 mA H 1o ¢ N to -

Fa7 250 vDC Digitar Contact Output | N s toNC, - to C

Fag 250 vDC Digital Contact Output N - to NC, ¢ to C

**F a9 580 VAC Digital Contact Output | N HtoNC, N 1o €

F50 125 VAC Digital Contact Output N H to M), N to C©

FS1 125 vDC Digtital Contact Dutput, N ¢ toND, - to C

F52 125 VDO Digital! Contact Dutput, N - to N}, * fo C

F53 250 vDC Digital Contact Dutput | N s toN), - to C

Fha 250 vDC Digitail Contact Output | N - to ND, ¢ to C

F55 SR80 VAC Digital Contact Output N Hto NO, N to C

F56 250 vbC Digital Contact Outpu | DEN ¢t toN), - toC

Fn7 250 vDC Digital Contact Output, DIN - toND, * to C

s*r5A 580 VAC Digital Contact ODutput . DEN H to N0, N to C

59 125 VAC Digital Contact Output , DEN HtoNC N toC

F60 125 vOC Digital Contact Output, DEN s toNC, - to T

61 125 vOC Digital Contact Output , DEN - to NC, ¢ to C

F62 250 vDC Digital Contact Output  DEN s toNC, - toC

F63 250 vDC Digital Contact Dutput , DEN -~ to NC, ¢ to C

F64 580 VAC Digital Contact Output, DEN H toNC, N toC

F65 580 VAC Digital Contact Output | DEN H to N3, N to C

0720c 1o 061688
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Digttal
Digtial
Digital
Digital
Digttal
Digital
nigital
pigital
pigittal
Digitatl
Digital
pigital
Partial
Parttal
Partial
partial
Current
Current
Current
Current

famE 8-3
SURGE WITHSTAND CAPABILITY (SWC) TESTS

Type of
1 /0 Board

Contact
Contact
Coatact
Contact
Contact
Contact
Contact
Contact
Contact
Contact
Contact
Contact

Out put |
Ouipat |
Output |
Ot put |
Dt put |
Dut put |
Output |
Output |
Out put |
Output |
Output |
Dt pat

irip
irip
irip
Irip
Loop
t oop
Loop
L oop

Output |
Gutpt |
Outout |
Dutput |
Output |
Dutput |
Output |
Output |

Wide
wide
wWide

Range
Range
Range

RTD
R1D
R1D

Input
Input
1ot

N
€N
DEN
DEN
10
10
w0
10

Wide Range RTD

Wide Range RTD

wide Range RID
wWide Rang~ RTD

wWide Range RTD

Wide Range RTD
wWide Range RID
Narrow Range RID Input

Input
Input

Input
input

Input

input
fnput

Narrow Range RTD Input

Narrow Range RTD Input

Narrow Range RTD Input

50 mA
50 mA
50 mA
50 mA

Test
Connect fons

N/
N}/ C
NO/C
NO/C
NC/C
N LA

<
-
--e

LA

I+, 1

e, -, 1%
v

Test
Effect
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TABLE 8-3 {com 'wed)
SURGE WITHSTAND CAPASIL 11V (SWC) TESTS

Test Test Type of Test Test
No. Mode 1/0 Board Connect tons Effect
535 TRANS Narrow Range RID Inpust LA F 5
*S3¢6 TRANS Narrow Range RTD Input | L |
S37 com Narrowm Range RTD Input L o PR PO D PWE L
53R TRANS Narrow Range RTD Input Ve, V-
539 TRANS Narrow Range RTD Input . 1~
*Sa0 com Marrow Range RTD Input Ve, V-, 14, %
*541 TRANS Narrow Range RTD Input LA Ao
*542 TRANS Narrow Range RID Input 5. 3=
s*523 com Marrowm Range RTD Input O R L P
Saa com WR RTD O- MWW Input /-
545 TRANS WR RID O 10V Input e
546 com furrent Ltoop Input . 10-50 mA. act LS*/1 1
sa7 <om Current toop Input, 10-50 mA, act LS*, 43%_ 4S. L8~
S4R TRANS Current Loop Input, 10-50 mA  act 55, LS
549 TRANS Current Loop Input  10-50 mA  act Lis, LI-
S50 TRANS Current Loop Input  O0-50 mR_ act LS*, Lis
$51 Com Current Loop Input . 10-50 mA_ pass £ LI N
552 TRANS Current Loop Input, 10-50 ma, pass Lis, LI-
553 com Current toop Input, 4-20 mA, act tis, 41-
s54 TRANS Current toop Input, 2-20 mA  act R
555 com AC Input, Cabinet Power H/N
56 TRANS AC Input, Cabinet Power H/N
+S57 TRANS Digita! Contact Output, EN NC/C
+558 TRANS Digital Contact ODutput, DFN NG/ C kL &.&

* = Yests performed at 60 HZ repetition rate
** = Test performed at S50 HZ repetition rate
+ = Retests required due to mod:ficat tons made during fauit testing

ADS: Analog Output Signal Shifts N = Normally Open fN = Energized
TOF - Trip Output Fatiures NC - Normally Closed DEN = Deenergized
1S = Loop Supply act = Active
11 = Loop Input pass = Passive

0720c 15 061688
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TABLE B-4a (Lont inued)
RADID FREQUENCY BMODIR ATION TEST RESULTS
(ALL RESIHTS WITH CABINET DOORS CLOSED)

({Cabinet Side)

i Test fFleld
No. Strength Freguency Band(fMZ) Antenna Type Polar tzat fon __Yarget = Test Effect
RF9 3 V/m 500 - 1000 LOG PERIODIC VERT 2 GHT [ 1
; RF 10 3 V/m 20 - 160 BICONTCAL VERT LEFT
8 RF 11 3 V/m 500 - 1000 LOG PERIODIC HORZ LEFT
; RF 12 3 V/m 160 - 500 LOG PERIODIC HORZ LEFT
. RF 13 3 V/m S00 - 1006 L0G PERIODIC HORZ REAR
z
RF 14 3 V¥/m 160 - 500 LOG PERIODIC VERT RE AR
RF 15 3 V/m 500 - 1000 106G PERIODIC VERT RF AR
. RF 16 3 V/m 160 - SO0 LOG PERIDDIC HOR7 RE AR +
s RF 17 3 V/m 20 - 160 BICONICAL VERT RF AR :
i RF 18 I V/m 20 - 160 BICONIOCAL Rz RE AR i
i RF 13 10 V/m 20 - 160 BICONICAIL HOR? FRONT ;
u ’
~no
184 )
RF 20 10 V/m 500 - 1000 LOG PERTODIC HOR 7 FRONT i
. RF 21 10 ¥/m 160 - 500 LOG PERIODIC HORZ FRONT :
= J b.c :

0720« 'h- 061638
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TARLE B-4a {Cont inued)
RADIO FREQUSNCY MODINATION 1FST RESIA TS
(AL RESIH TS5 WITH CABINFT DOORS CLOSED)

Test Fleld {Cabinet Side)
No. Sirength Frequency Band(MHZ) Antenna Type Polarizat ion Target Test Effect
RF 22 10 V/m 500 - 1000 LOG PERIODIC VERT FRONT = >
RF 23 10 V/m 160 - 500 LOG PERIODIC VERT FRONT
RF 24 10 V/m 20 - 160 BICONICAL VERT FRONT
RF 25 10 V/m 20 - 160 BICONICAL HORZ RIGHT
RF 26 10 V/m 160 - 500 LOG PERIODIC VERT RIGHT
- -4 b.c

0720c 1b- 061688
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TABLE B-4a3 (Cont inued)
RADIOD FREQUENCY MODULATION TEST RESULTS
(ALL RESULTS WITH CABINEY DOORS CLOSED)

Test Fletla (Cabinet Std=)
No. Strength Ffrequency Band(MHZ) Antenna Type Polarization Target Test Effect
RF 27 10 V/m 500 - 1000 LOG PERIODIC vERT RIGHT T -3
RF 28 10 V/m 20 - 60 BICONTCAL VERT LEFT
RF 29 10 ¥V/m 160 - 500 LOG PERIODIC HORZ LEFT
RF 30 10 V/m 500 - 1000 106G PERIDDIC HORZ LEFT
RF 31 10 V/m 20 - 160 BICONICAL HORZ REAR
RF 32 10 V/m 20 - 160 BICONICAL VERT RF AR
2 = 5 T

0720 1H-061688
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TABLE B-43 (Cont tnued)

RADID FREQUENCY MODULATION TFST RESHMLTS
(ALL RESULTS WITH CABINET DOORS CLOSED)

Test Fleld

No. Strength Frequency Band(WiZ)

RF 33 10 V/m

RF 34 W0 V/m
RF 35 10 V/m

RF 36 10 V/m

0720c 1H-061688

(Cabinet Siae)

Antenna Type Potarizatton Target Test Eifect
500 - 1000 LOG PERIODIC HORZ RE AR E
500 - 1000 L0G PERTODIC veRT RE AR
160 - 500 LOC PERIODIC vERt RE AR
160 - 500 1NG PERIODIC HORZ RE AR




TABLE B8-2D

RADIO FREQUENCY KEYING TEST RESULTS
(AL RESHLTS WITH CRBINET DOORS i OSED)

Fleld
Strength
3 v/m

Frequency Band(WZ) Antenna Type  Polarizatlion

20 RICONICAL HOR 2

3 Vim 160 - LOG PERIODIC HORZ

LOG PERIODIC HOR?

160
500
500

10 V/m

RICONICAL

LOG PERIODIC
BICINICA!
LOG PERIODIC

L0G PERIODIC

BICONICAL

RF 46 0 V/m 500 - 1000 L0G PERIODIC

A0S = ana'og Dutput Signal Shifts
10F = Trip Output Fallure

0720c. ",-061588
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SECTION 9
CONCLUSION

The Eagle 21™ system performance satisfied the acceptance criteria stated in
section 7. The microprocessor subsystem maintained continuous operation while
subjected to the abnorma) events described in section 5.

Analog output signal noise coupled wire-to=wire or through the analog output
~hanne! has no effect on the protective action of the plant protection system
since the Eagle 21™ does not use analog output signals for protection signal
transmission. Analog output signals are used as interfaces to the plant
contro: and monitoring equipment (e.g., computer, post-accident monitoring
system (PAMS)),

§.1 NOISE TESTS

The protective action of the Eagle 21~ system was not affected by noise
injectec into or adjacent to class non-lE wiring. Analog output signal noise
recordec was coupled wire-to-wire or through the analog output channel,
Possible analog output noise effects on plant class non-1E systems and PAMS
are summarized as follows:

© The AC nocise sources (AC chattering relay, Mil-Spec noise source #1)
generated noise spikes on the analog output signal. No change in the
nominal D value of the analog output signal wes recorded. These
noise spikes will not affect slow responding monitoring equipment.

© The DC and high voltage transient noise sources produced a shift in
the nominal DC value of the analog output signal of 0.5% or less.
Since the sccuracy requirements of the plant monitoring systems are
large compared to the observed effects, these effects are considered
minimal.

0720¢ 'o-08'880
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9.2 FAULT TESTS

The protective action of the Eagle 21™ system was not effected by the
injection of credible faults into the designated class non-1E to class 1E
isolators. Analog output signal noise recorded was coupled wire to wire end
consisted of a noise spike of 0.88% or less upon fault applicetion. No change
in the nominal DC value of the analog output signal was recorded. These noise
spikes will not affect monitoring equipment.

9.3 SURGE WITHSTAND CAPABILITY (SWC) TESTS

The protective action of the Eagle 21™ system was not affected by the
epplication of the surge withstand test wave to the designated class non-lf to
class-1E isolators. In addition, no component damage occurred and no changes
in channe! calibrations were recorded due to the application of the surge
withstand test wave to any cabinet input/output under test.

@.4 RADID FREQUENCY INTERFERENCE TESTS

The Eagle 21™ system remained operational while exposed tc radio freguency
interference (RFI) . Analog input/output processing and protective action
functions were affected but demonstirated full recovery upon removal of the
RFT. To aveid protection system perturba.'ons, Westinghouse recommends that
the Eagle 21™ system equipment room(s) be "2o0ned" to prohibit the use of
transceivers in the 20-700 MHz band.

0720¢ 10~08) 6882



APPENDIX A
PARTIAL TRIP OUTPUT BOARD SURGE WITHSTAND CAPABILITY ANALYSIS

Performed by: R. Nero, Westinghouse

0720¢ '0-0861088



During the feult testing portien of the qualification test for EAGLE-21w, it
was necessary to modify the output eircuitry of the EPT 1/0 board. Since the
modificetion did nut affect the portion of circuitry that was designed to

handle high frequency oscillatory surges, the SWC tests (IEEE-£72-1874) were
not rerun on the EPT 1/0 board.

The modification involved suppresser devices on the output. |

0720¢ 'o-081088




To substantiate the decision not to rerun the SWC tests (IEEE-472-1874) on the
EPT 1/0 board, analysis was performed with a circuit analysis program

( ]b,c' The analysis confirms that the passive surge network
attenuates the surge well below the requirements. The analysis was run worst
case for both the common mede and differential mode surge conditions., Worst
case for both modes is that no MOVs are installed, all outputs are
deenergized, and the outputs are not loaded.

0729 10-081088
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APPENDIX B
EAGLE 2™ SIGNAL CONDITIONING AND MICROPROCESSOR PRINTED CIRCUIT BOARDS

0720¢ 1p-08'082
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B.1 Signal Conditioning Boards

B.1.1 Esgle Analog Input (EAI) Signal Conditioning Board

B.1.1.1 Functiona! Description

r

The EAI board is classified as 1E protection-grade equipment, but since it
receives inputs from protection-grade traismitters and supplies outputs to the
protection-grade loop processor subsystem, it is not a class 1E isolation
barrier,

0720¢ 1p-001088
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B.1.1.2 Performance Specifications

B.1.1.2.1 Analog Input Characteristics ==

. _J b,¢c
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B.1.1.2.2 Loop Supply Characteristics -~

B.1.1.2.3 Power Supply Requirements --

0720¢ . 5-08 680
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B.1.2 Eagle RTD Input (ERI) Signa) Conditioning Board

B.1.2.1 Functional Description

The ER] boards are classified as 1E protection-grade equipment, but since they

receive inputs from protection-grade RTDs and supply outputs to the protection-
grade loop processor subsystem, they are not class 1E isolation barriers.

0720¢ 'o-00' 880




B.1.2.2 Parformance Specifications

. B.1.2.2.1 Analog Input Characteristics --

pr— —1‘
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. : |
® |
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B.1.2.2.2 RTD Reference Characteristics =~

- —

B.1.2.2.3 Power Supply Requirements -- |
|
|

0720¢ '0-08) 888
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B.1.3 Eagle Partial Trip (EPT) Signal Conditioning Board

B.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 poriod.]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
Togic). In these applications it is not a class 1E isolation barrier,

However the EPT has been classified as a class 1E isolation barrier for
possible future applications,

£720¢ 1p-081 642

B-9

k=

o



B.1.3.2 Performance Specifications

B.1.3.2.1 Digital Output Characteristics --
- -

B.1.3.2.2 Power Supply Requirements -~

P —

0720¢ 10081884
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B.1.4 Eagle Contert Output (ECO) Signa) Conditioning Board

B.1.4.1 Functions! Description

2. Provides cless 1E isolation between the protection cibinet and the
control systems thet receive the zontact sigrals

0720¢ o008 000




-

B.1.4.2 Performance Specifications
8.1.4.2.1 Conrtect Output Characteristics ==

B.1.4.2.2 Power Supply Regquirements ==

B-12
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B.1.5 [Esgle Anslog Output (EAD) Signa! Conditioning Board

B.1.5.1 Functiona) Desc: iption

2. Provides class 1E isoletion for current loop signals sent to field
receivers suth as control boerd indicetors and process control loops

0720¢ 1b-00 B0




B.1.5.2 Performance Specificetions

£.1.5.2.1 Analog Output Characteristics ==

wpply Regquirements «-
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B.2 Wicroprocessor Boards

B.2.1 Digite) Filter Processor (DFP) Bosrd

B.2.1.,1 Functional Description

0720¢ "o 00 640
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B.2.1.2 Performance Specifications

B.2.1.2.1 Power Supply Reguirements +-

- -

— — b.c .

B.2.2 Analog to Digitel Converter (ADC) Board

B.2.2.1 Functional Description

0720 Y0-08 680



B.2.2.2 Performance Specifications

B.2.2.2.1 Compatibility =~

B.2.2.2.2 Power Supply Requirement =«

r ——
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B.2.3 Loop Calcvletion Processor (LCP) Bosrd

B.2.3.1 Functione! Description

0720¢ ‘o080 000
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B.2.3.2 Performence Specifications

B.2.3.2.1 Power Supply Regquirements -«

P -
e p— b.C
B.2.4 [oop Processor Subsystem Digite! Input/Output (LPSDID) Boerd

B.2.4.1 Functione! Description

o -

0720¢ 1h-DE 0
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B.2.4.2 Performance Specificeiions

B.2.4.2.1 Power Supply Reguirements -~

e ——

e Jb’c

B.2.5 Digitel-to-Analog Converter (DAC) Bogrd

B.2.5.1 Functiona) Description

—

0720¢ ‘v 08 888
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-

B.2.5.2 Performence Specifications

B.2.5.2.1 Electrica) Specificetions =+

e

0720 Tp-0e 0
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£.2.5.2.2 Power Supply Recuirements

L. -b,t

B.2.6 Loop Processor Subsystem Dats Link Handler (DLM) Board

B.2.6.1 Functiona) Description

v

O720c 108 M
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-

=

-

B.2.6.2 Performance Specification

B.2.6.2.1 Power Supply Reguirement (as shipped) ==

-1

b,¢

B.2.7 Tester Subsystem Data Link Wangdler (DLH) Boarg

B.2.7.1 Functional Description

P

o dbe Tpe0Bivee
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B.2.7.2 Performence Specification

B.2.7.2.1 Power Supply Requirement (es shipped) ==

-

e - u.c

B.2.8 Test Seguence Processor (TSP) Board

B.2.8.1 Functiona! Description

poece

s
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B.2.B.2 Performence Specifications

B.2.8.2.1 Power Supply Regquirements «-

- -
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i

B.2.9 Migh Precision Digital-to-Anslog Converter (WPDAC) Board

B.2.9.1 Functional Description

e

8.2.5.2 Performance Specifications

B.2.9.2.1 Electrice) Specifications ==

o —

0720¢ 'n-08 080
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i

[
i

B.2.9.2.2 Power Supply Reaquirements

- BB
8.2.10 Test stem Digitel Input/Output (TSDI0) Boer
B.2.10.1 Functiona) Description
. ¢
BY20¢ o-08 0
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B.2.10.2 Performence Specifications

B.2.10.2.1 Power Supply Reguirements -«

- -

0720¢ ‘o080 00

B-28



APPENDIX €
TEST PROCEDURES
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NOISE TEST PROCEDURE
FOR
EAGLE-2]1 PROTECTION
SYSTEM



1.0 INTRODUCTION

This procedure details the electrica) interference "noise® tests to be
applied to the Eagle-2] protection system,

These tests will consist of applying the following nofse sources to the
antenna/non-class 1E wiring and measuring the effects on system
input/output processing.

Random Noise

Crosstalk Noise

Mi1 N19500 Noise

High Voltage Transient Noise
Static Noise

The test configuration is documented in Attachment B.

2.0 PREPARATION {OR TEST

2.1 Connect the field cabling to sensor simulation, load simulation, and
contact output loads per Attachments B, C and table 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 v 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. Adjust analog input
signals, using the MMI 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:

0 Open the manua) switch fnput to the variable RTD board.

C-4
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Adjust the high adjust potentiometer so that channel
TE-441A3 reads 618.261+/-.375 Deg f on the MMI.

Verify that the TAVG MMI reading equals 585.740 + .2 Deg f.
Verify the following actua) bistable output status:

TS/441C « Not Tripped
TS/441G = Not Tripped
TS/441D « 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.

Close the manual switch input to the variable RTD board.

Adjust the lTow 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 the following actual bistable output status:

TS/1441C = Tripped
TS/14416 « Tripped
TS/14410 = Tripped
TS/1441H = Tripped
TS/14420 = Not Tripped
TS/1442G = Not Tripped

Obtain a printout of the Delta T/TAVG system analog

fnputs, analog test points and comparator information MMI
screens.

C-5



© Open the manual switch {nput to the variable RTD board
and record the results. Obtain MMI printout of amalog
fnput information and vecord analog input/cutput readings
via data logger printout.

2.2.3 Set the function generator output to the variable RTD board
(see figure B-3) n the positive square wave pulse mode with
& 0-5 volt amplitude at .05HZ 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 NOISE TEST PROCEDURE SEQUENCE

The noise test sequence described below will be followed for each noise
test type specified in Sections 4.0 through 8.0,

3.1

3.3

3

wI137N:4

Pretest

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

Disconnect data logger 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 {dentifying records in tape recorder log
and noise test data sheet (figure 1-6). Follew the test specific
instructions given in Sections 4 through 8.

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

C-6



3.6

and/or trip output status failures. A trip output status failure is
defined as a failure of a trip output signal to switch upon receipt
of the switch signal from the test station. Remove the noise source
and open the event marker switch., Record 2 minutes of post test
data and open the recorder start switch and stop the tape recorder,

Obtain a oata 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 RANDOM NOISE TEST

4.1

4.2

Connect the | ]b.c random noise generator

to the ENI 240L power amplifier as shown in figure 1-1. Connect the
center conductor of the power amplifier to one conductor of the
antenna. Terminate the cabinet end of the antenna to an unused

internal block connection.

Follow the instructions given for antenna coupled tests given in
Table A-2a. Follow the test sequence described in Section 3 for
each channel designated in Table A-2a.

5.0 CROSSTALK NOISE TEST

5.1

5.2

5.3

3137N:4

shown in figure A-2a. Short the cabinet end of the antenna across
an unused term‘nal block connection. Terminate and load the non-1E
test cable as specified in Table A-2a,

Follow the test sequence described in Section 3 for each channe)
designated in Table A-2a.
Repeat 5.1 and 5.2 above using a 118V AC chattering relay.
(figure 1-2b)

Ce?

i
Connect the 125 volt DC chattering relay to the antenna assembly as



6.0

7.0

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

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

5.6 Repeat 5.4 and 5.5 above using a 125 volt DC chattering relay.
(figure 1-2b)

MIL N1$200 NOISE TEST

6.1 Connect "noise source 1" to the antenna assembly as shown in figure
1-3. Short the cabinet end of the antenna across an unused termina)
block connection. Terminate and load the non-1E test cable as
specified in Table A-2a.

6.2 Follow the test sequence described in Section 2 for each channe)
designated 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 isolation 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.

3137N:4



6.0 STATIC NOISE TEST

8.1

8.2

8.3

8.4

3137N:4

Connect the 580 VAC static noise source to the antenna assembly as
shown in figure 1-5. Terminate the cabinet end of the antenna
across two separate (open circuit) unused terminal block
connections. Terminate and load the non-1E test cable as specified
in Table A-2a.

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

Disconnect the cabinet end of the antenna and terminate across the
first set of terminals shown in table A-2b. Disconnect the isolator
wiring at the termination frame and open circuit the wires as
specified in table A-2b.

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

C-9



(See figure 5-3 of WCAP test report)

Figure 1-1 Random Noise Test Connections
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(See figure 5-4a of WCAP test report)

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

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

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

3137N:4



(See figure 5-5 of WCAP test report)

Figure 1-3 Military Specification Noise Sources

C-12
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(See figure 5-6 of WCAP test report)

Figure 1-4 High Voltage Transient Noise Test Connections




(See figure 5-7 of WCAP test report)

Figure 1-5 Transformer Connection for the 580 Vac Static Noise Source
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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 noise into or adjacent to the class
non-1E wiring.

C-15
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12, Prossuriser Yapor Tm-454 13- 1.2 L% ] s 137-4 20,17 21,10 13 08 BE “09.200 ¢ 1. 08
Voo
13 Rontdusl Sost Remnval m-12 13- .9 1,10 12 1374 22,23 23, 7% 360 W= 200 400 ¢ 1.93
Pusp Discherge Temp
sore: - IX - Vertsble RYD fuput, set sominelly
et 447 173 ohme (019 Deg f) for the
low recistamce reading and 448 204 obtme
(818 _281 Deg ) for the high resistamce
reading. See step 2.3.2 for 1tle.
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EAGLE-2) NOISE TEST REPORT

TEST TYPE/PROCEDURE MUMBER(REY)
DATE

ROISE INJECTION CHAMNEL WUMBER/TAG WO.

DATA LOGGER PRINTOUT:
(PRETEST/POST-TEST)

BISTABLE PERFORMANCE (PASS/FAIL):

REMARKS /OBSERVATIONS:

ANALOG OUTPUT PRETEST NOISE APPLIED

PZR VAP/T454A
MR TEMP/Ta41L
NR TEMP,/'T441K
WR PRE/P408BB

TAPE SET:

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

REMARKS /OBSERVATIONS:

PERFORMED BY/DATE:

Figure 1-6. Hoise Test Data Sheet
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ATTACHHENT A
NOISE TWJECTION PANTENNA®" CONNECTIONS

The antenna for noise injection 1s to be a &0 foot length of
unshielded, non-twisted two conductor cable bundled to the non-class
1€ test cable. The class non-1E test cable shall consist of a
non-shielded twisted pair cable. The antenna and class non-1E
cabling is separated from the class-1E cabling outside the protection
cabinet. The antenna, class-1E and class non-1E cabling are all

bundled together inside the protection cabinet. See figures B-1 and
B-2 for antenna placement.

This attachment contains the following tables:

Table A-la - Noise Injection Field Connections
(Antenna Coupled)

Table A-1b - Noise Injection Field Connections
(Direct Coupled)




02+)

TABLE A-ia
NOISE INJECTION FIELD CONNECT:ON (Antenna Coupled)

CONNECT NON-1E TEST CABLE 10

CONNECT
Channel 1/0 Channel Terminal Terminal Isolator 1/0 Board LOAD TO
§ Description Tag # Block Connection Type Location/ NON-IE TEST
Hi lo Sh Channel # CABLE

1. Bistable Partial Trip 175/442G 13-M 1 2 Class non 1E/1E  137-10/1 40 Watt
Isolation Light Bulb
Barrier

- Analog Output I1PY/408A 13-N 4 5 6 Class non 1E/1E  137-16/2 600 OHMS
Isolation
Barrier

3 Contact Output (No) ITY/441A 13-4 7 a Class non 1E/1E  137-12/2 Open
Isolation Circuit
Barrier

4. Contact Output (NC) 1TY/441A 13-M* 7 8 Class non 1E/1E 137-12/2 Open
Isolation Circuit
Barrier

S. Contact Output (No) TY/441A 13-4 7 8 Class non 1E/1E  137-12/2 Short
Isolation Circuit
Barrier

6. Contact Output (Nc) TY/441A 13-M* 7 8 Class non 1E/1E  137-12/2 Short
Isolation Circuit
Barrier

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

3137N:4
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TABLE A-1b
NG SE INJECTION FIELD CONNECTION (Direct Coupled)

DISCONNECT
Channel 1/9 Channel Terminal Connect Isolator 1/0 Board WIRES AT
¥ Description Tag # Block Antenna to Type Llocation/ TERMINATION
Hi Lo Channel # FRAME
3. Bistable Partial Trip 17S/442G 13-4 s Class non 1E/1E  137-10/1 2, 3
Isolation
Barrier
2. Analog Output IPY/408A 13-N 4§ 5 Class non 1€/1E  137-16/2 S, 7
Isolation
Barrier
3. Contact Output ITY/441A 13-M - S8 Class non 1E/1E  137-12/2 5, 6
Isolation
Barrier

J1I7N-4



ATTACHMENT B
FIELD CONNECTIONS AND SIMULATION

This attachment contains the following figures:

o Figure B-l Noise Test Setup (Antenna Coupled)

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

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

o Figure B-5 Wide Range Resistance Temperature Detector

o Figure B-6 Narrow Range Resistance Temperature Detector

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

o Figure B-8 Contact Output Monitoring Connection

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 following drawings document the
cabinet configuration. Copies of these drawings will be included as part of
the final test report.

Drawing Description Prawing 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/TAVG System

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

Process Control Block Diagram, 10804C8 sh. 38, rev. 4
Pressurizer Liquid/Vapor Temp.
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Process Control Block Diagram, 1080408 sh. 39, rev. b
RHR Pump Discharge Temp

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

Eagle-2] Schematic Diagrams, 1856E69 sh. 2, rev. 2
Rack 13 Protection Set 4

C-24
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(See figure 5-1 of WCAP test report)

Figure B-1 Noise Test Setup (Antenna Coupled)
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(See figure 5-2 of WCAP test report)

Figure B-2 Noise Test Setup (Direct Coupled)
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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 6-5 of WCAP test report)

Figure B-5 Wide Range Resistance Temperature Detector (RTD)
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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 8-7 10-50 mA Current Loop Output Menitoring

C=31
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(See figure -9 of WCAP test report)

Figure B-8 Contact Output Monitoring
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(See figure 6-8 of WCAP test report)

Figure B-9 Partial Trip Output Monitoring
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ATTACHMENT C
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

3137N:4



TABLE C-]
TAPL RECORDED DATA

Channel Recorded Tag Terminal Terminal Buffer
# Signal L] Block Connection Amplifier
Hi Lo Sh Gain

Bistable Partial 115/442D
Bistable Partial 1TS/8426
Bistable Partial 17S/441C
Bistable Partial 17S/441D
Bistable Partial ITS/441H
Bistable Partial 175/441G
Contact Outprut 1TY/44)

Analog Output E/I ITY/454A 10
Analog Output E/1] 1TY/441L 10
Analog Input 1/E 1PY/458(Q 10
Analog Output E/1 I1TY/441K - 10
Analog Input 1/E 1PY/408 20
Analog Output £/1 1PY/4088 10
Function Generator Sig. N/A .05

0%
.05
.05
0%
.05
.08
02

W D N B W N e
u-mmww»——-—w
o ON Y D B N R &

*Measure current across 20 ohm transmitter test resistor. See figure B-4.
**Monitor function generator output signal. See figure B-3.
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TABLE C-2

TA

Channel Recorded Tag Terninal Terminal
¥ Signal ¥ Block Connection

Hi Lo Sh
6. Analog Input E/E INY/441B 13-C 1 2 3
g, Analog Input E/E INY/441A 13-C ¢ 5 6
9. Contact Output 1TY/44] 13-M L) 6
10, Contact Output ITY/441A 13-M 7 8
22. Analog Output E/I 1TY/441L 13-P 10 31 18
23, Analog Output E/1 ITY/454A 13-6 4 5 6
24, Analog Output E/I 1TY/44]K 13-P 7 8 g
25. Analog Output E/I ILY/502B 13-K 1 4 5
26. - Analog Output E/I 1PY/4088 13-N 7 8 11
27. Analog Output E/I iLY/5038 13-K T 0 1
35 Analog Input 1/E 1PY/458Q .
36 Analog Input I/E ILY/502 *
37 Analog Input I/E ILY/503 *
38 Analog Input I/E 1PY/408 -

*Measure current across 20 ohm transmitter test resistor. See figure B-4.

C-37
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TABLE C-3

Channel  Recorded Tag Terminal  Terminal Bufferws+
’ Signal El Block Connection Amplifier
Hi Lo Sh Gain

1, Function Generator Sig. N/A - .05
2. Bistable Partial Trip 1T7S/4420 13M 3 4 .05
3. Bistable Partial Trip 1TS/442G 13-M )| 2 .05
4. Bistable Partial Trip I7S/441C 13-L 1 2 .08
5. Bistable Partial Trip I17S/441D 13-L 3 4 .08
6. Bistable Partial Trip ITS/441H 13-L 7 8 .05
7. Bistable Partial Trip ITS/441G 13- 5 6 .05
8. Analog Input E/E INY/4418B 13-C 1 2 3 2.0
8. Contact Output 1TY/44] 13-M 5 6 .02
10. Analog Output E/I ITY/454A 13-6 4 5 6 10
11. Analog Output E/I ITY/441L 13-K 7 10 11 10
12. Analog Input I/E 1PY/4580 * 10
13. Analog Output E/I ITY/441K 13-K 1 & 5 10
14, Analog Input I/E 1PY/408 * 20
15, Analog Output E/I IPY/4088B 13-N 7 8 S 10
16. Analog Input E/E INY/441A 13-C ¢ 5 6 2.0

* Measure current across 20 ohm transmitter test resistor. See figure B-4.
** Monitor functiun 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 0 to 1 transition.

C-38
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1.0 INTRODUCTION

This procedure details the electrical fault tests to be applied to the
Eagle-2] protection system.

These tests will consist of applying fault voltages to the Eagle-2]

system isolation devices. Tests are summarized by isolator board type
below:

LIKE TO GROUND
FAULT TEST PERFORMED

lsolator Board Faylts Applied

Partial Trip Output, Energized 125 Ydc, 125 Vac, 250 Vdc, 580 Vac
Partial Trip Output, Deenergized 250 Vdc, 580 Vac
Digital Contact Output, NO, Energized 250 Ydc, 580 Vac
Digital Contact Output, NC, Energized 250 Vdc, 580 VYac

Current Loop Output 125 Yac, 125 Vdc, 250 Vdc, 580 Vac

LINE TO LINE
FAULT TESTS PERFORMED

lsolator Board Faults Applied

Partial Trip Output, Energized 125 VAC, 125 ¥dc, 250 Ydc, 580 Vac
Partial Trip Output, Deenergized 250 Vdc, 580 Vac
Digital Contact Output, WO, Engergized 125 Yac, 125 Vdc, 250 Vdc. 580 Vac
Digital Contact Output, NC, Engergized 250 Vdc, 580 Yac
Digital Contact Output, WO, Deenergized 250 Vdc, 580 Vac
Digital Contact Output, NC, Deenergized 125 Vac, 125 Vdc, 250 Vdc, 580 Vac
Current Loop Output 10-50 mA 125 VAC, 125 VYdc, 250 vdc, 580 Vac

The test configuration is documented in Attachment B.
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2.1 Connect the field cabling to sensor simulation, load simulation, and
contact output loads per Attachment B 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.

Set signal inputs per table 1-1. Adjust analog input
signals, using the MMI 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 input to the variable RTD board.

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

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

7S/441C = Not Tripped
TS/441G = Not Tripped
TS/441D = Not Tripped
TS/841H = Not Tripped
75/4420 = Tripped
TS/4426 = Tripped

4301N ¢
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Obtain a printout of the Delta T/TAVG system analog
fnputs, analog test points and comparator information MM]
screens.

Clese the manual switch input to the variable R7D board.

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

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

TS/1441C = Tripped
15/1441G « Tripped
T5/1441D = Tripped
TS/144)H = Tripped
TS/14420 « Not Tripped
TS/14426 = Not Tripped

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

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

2.2.3 Set the function generator output to the variable RTD board

2.2.4

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

Flose the recorder start switch and verify that the trip
output cignals switch upon receipt of the function generator
switch signal (positive square wave pulse).
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5.0 B LIEST PROCEDURE SEQUENCE

The fault test sequence described below will be followed for each
isolator board type specified in Sections 4.0 through 6.0.

3.1

3.2

3.3

3.4

4301N:4

Pretest

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

Disconnect data logger and verify "antenna" connections and
configuration for each injection point per Attachment A,

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

Disconnect the data logger, close the recorder start switch, start
the tape recorder and record 1 minute of pretest oata. Disconnect
the test station from the channe)l under test. Simultaneously
energize the fault voltage source and close the event marker

switch. Record ] minute of data with the fault voltage source
applied. Observe the strip chart recorder and record any analuy
output signal deviations and/or trip output status failures. A trip
output status failure is defined as a fatlure of a trip output
signal to switch upon receipt of the switch signal from the test
statyon. Remove the fault veltage source and open the event marker
switch, Reconnect the test station to the channel under test.
Record 1 minute of post test data and open the recorder start switch
and stop the tape recorder.

Obtain a data logger printout and confirm system recovery by
comparing to pretest data. Record any discrepancies. I1f channel
under test or adjacent cnannels are inoperable and damaged following
fault application, channel(s) must be repeired. Record al)
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3.6

3.7

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

1f the fault voltage source breaker is tripped the fault test is
invalid. Increase the fault voltage source bresker current rating
and repeat the test.

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

4.0 CURRENT LOOP OUTPUT BOARD TEST

4.l

4.2

4.3

é4.4

4.5

4.6

43014:4

Configure the | ]b ¢ transformer as & 125 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 termina)
connection of the EAD channel under test as specified in table
A-la. Connect the t~ nsformer 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 section 3 for each test specified in
table A-la for the EAOD channel under test.

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-1b.

Foliow the test sequence in section 3 for each test specified in
table A-1b for the EAD channel under test.
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4.

!

4.8

4.9

4301N: 4

10

Al

Y

A3

14

A8

16

A7

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

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

Follow the test sequence described in section 3 for each test
specified in table A-2a for the EAO rhanne! under test.

Connect the DC power supply positive and negative leads te the
terminal connection of the channe’! under test as specified in table
A-2b.

Follow the test sequence in secti’ 3 for each test specified in
table A-2b fur the EAQ channe) v test.

Connect the | ]b ¢ DC power
supply as & 250 VDC fault voltage source (figure 1-2).

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

Follow the test sequence described in section 3 for each test
spacified in table A-3a for the EAD channe) under test.

Connect the DC power supply positive and negative leads to the
terminal connection of the channe)l under test as specified in table

A-3b.

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

Configure the [ ]b ¢ transformer as a 580 VAC
fault voltage source (figure 1-3).
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4.18

§.20

4.2]

§.22

Connect the transformer secondary hot lead to the termina)
connection of the EAD channel under test as specified in table
A-4s. Connect the transformer secondary neutra) Tead to the
primary neutral. Ensure that this connection is earth ground
(third prong of the AC power feed).

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

Disconnect the transformer secondary neutral/primary neutra)
connection. Verify that the secondary neutral s 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
h-4b,

Follow the test sequence in section 3 for each test specified in
tadble A-4b for the EAD channe) undcr test. '

5.0 DIGITAL CONTACT QUTPUT BOARD TEST

5.1

5.2

5.3

5.4

430IN: 4

Configure the ’ ]b . transformer as a 125 VAC
fault voltage source (figure 1-1). Monitor the channels gesignated
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 channe) under test.

Connect the [ ]b ¢ OC power
supply as a 125 VDC fault voitage source (figure 1-2).
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Connect the DC power supply positive and negative leads to the

terminal connection of the channe) under test as specified in table
A-2b,

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

Connect the | ]b ¢ DC power

supply as a 250 VDC fault voltage source (figure 1-2).

Connect the DC power supply positive and negative leads to the
terminal connection of the ECO channe) 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 channe) under test.

Connect the DU power supply positive and negative terminal leads to
the termingl connection of thye channe)l under test as specified in
teble A-3b.

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

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

Connect the transformer secondary hot lead to the termina)
connection 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 power feed).

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




5.18

5.16

5317

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 neutra)l leads to the
terminal connection of the channel under test as specified in table
b-4b.

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

6.0 PARTIAL TRIP QUTPUT BOARD TEST

6.]

€.2

6.3

6.4

6.5

4301N: ¢

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 channe) 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 section 3 for each test specified in
table A-la for the EPT channe)l under test.

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-1b.
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6.6

6.8

6.9

4301N:4

10

Al

12

18

14

A%

16

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

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

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

Follow the test sequence described in section 3 for each test
specified in table A-2a for the EPT channel under test.

Connect the DC power supply posiilive and negative lead: 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 EPT channel under test.

Connect the | ]b ¢ OC power
supply as a 250 VDC fault voltage source (figure 1-2).

Connect the DC power supply positive and negative lead the terminal
connection of the EPT 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 EPT channel under test.

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

Follow the test sequence in section 3 for each test specified in
Table A-3b for the EPT channe)l under test.
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6.17

6.20

6.2]

6.22

4301N: 4

Configure the [ ]b e transformer as & 580 VAC
fault voltage source (figure 1-3).

Connect the transformer secondary hot lead to the terminal
connection of the EPT channel under test as specified in table
A-4s. 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 described in section 3 for each test
specified in table A-4a for the EPT channel under test.

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

Connect the transformer secondary hot and neutra) 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 EPT channel under test,




(See figure 5-9 of WCAP test report)

Figure 1-1 Transfermer Connection for the 125 VAC Fault Source
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(See figure 5-11 of WCAP test report)

Figure 1-2 DC Power Supply Connections .

c-52
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(See figure 5-10 of WCAP test report)

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

C-53
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7.0 ACCEPTANCE CRITERIA

7.1 Description

The acceptance criteria for the Eagle 21 (1E Safety Related System) is
thit the system shall remain operational and maintain protective actions
before, during and after the application of credible fault voltages.
Fauits shal) not propagate across the Class non-1E to Class 1E isolation
barrier or from channel to channel.

C-54
4301N: 4



p-NiotYy

ojio%ep e T 6 ¢ S0 cog  Bujpeca
cousgssoss YOy og3 363 () Sog 18X Ok0)
oo WS Fve P Buipeel DS |0es &
oys 303 (5 ®og To6 Sie) =P LUl dve O
Ajjesimse 300 ‘et @I OIEOIIS, - XN

oy oBsogaoyg Emg
Tie-&d saemoy o6l [ONGioeY

&xn )
zodes IO IN080i4

ocineceiy
BBy opia S

§ Sooy Jesn]
IS ISVIYH TVE LN

g éoo joas)
2030 0uDgH ESOIE

esnzeicdmn) Ov) o8
vsnzpiedm) $o Weg
csngesedmo) Bey 33
osmpichmn] By PIeD
sanyosedmoy Zey -




170 Hodule

h8143
SHORT CIRCUIT , AC

Procedure Rev.,
Date
Test ¢

.DC

COMMON HODE GROUND CONNECTED TO VOLTS PLUS _____ MINUS ______ GROUND

LINE TO LINE YOLTS (4) T0 (+)
YOLTS (<) TO (s)

TEST INJECTION POINT TEST CONDITION
170 CARD TYPE POINT ¢

1B I foamwacnsna

ERE-TEST
DATA LOGGER VERIFICATION® PRINT OUTPUT ¢

SYSTEM STATUS

REMARKS AND TEST OBSERVATION

DISCONNECT DATA LOGGER
TEST

TAPE RECORDER FOOTAGE BEGIN

SPEED

SYSTEM STATUS:

REMARKS AND TEST OBSERVATION

POST-TEST
DATA LOGGER DATA VERIFICATION® PRINT OUTPUT #

SYSTEM STATUS:

REMARKS AND TEST OBSERVATION

PERFORMED ________ REVIEWED

Figure 1-4. Fault Test Data Sheet
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ATTACHMENT A

FAULT VOLTAGE SOURCE CONNECTIONS

NOTE: If the isolator board is damaged (i.e., blown/damaged PC track)
during fault testing an alternate 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 channel under test are monitored. Record in @& permanent
record book any changes made to the test connections specified in
this Appendix and the recording connections specified in Appendix C.

This attachment contains the following tadles:

o Table A-la
o Table A-lb
o Table A-2a
o Table A-2b
o Table A-3a

o Table A-3b

o Table A-da

o Table A-4b

430IN: 4

« 125 VAC Line-to-Ground Fault Connections

« 125 VAC Line-to-Line Fault Connections

125 VDC Line-to-Ground Fault Connections

.

.

125 VDC Line-to-Line Fault Connections

- 250 VDC Line-to-Ground Fault Connections

250 VOC Line-to-Line Fault Connections

580 VAC Line-to-Ground Fault Connections

. 580 VAC Line-to-Line Fault Connections

C-57
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TABLE A-1a

125 VAC LINE-TO-GROUSD TAULT CONNECTIONS

Connect Transformer Secondary

Hot lead To
1/0 Board
Channel 1/0 Channel Terminal isolator Location/
| Description Tag # Block Connection Type Channel #
* 1. Bistable Partial Trip 115/441C 13-L 1 Class non 1E/1E 137-9/1
(EPT), Energized f<olation
Barrier
* 2. Bistable Partial Trip 11S/841C 13-1 2 Class non 1E/1F 137-9/1
(EPT), Energized Isolation
Barrier
3. Current Loop Output ITY/441IN i3-R 5 Ciass non 1E/1F 137-14/4
(EAD) Iselation
Barrier
4. Current Loor Output 1TY/441IN 13-R 4 Class non 1E/1F 137-14/4
(EAD) fsolation
Barrier

* Disconnect Function Generator input to variabhle RTD channel

partial trip output condition during fault application.

4301IN:4
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TABLE A-1b
125 VAC LINE-TO-LINE FAULT CONNECTIONS

1/0 Board
Channel 1/0 Channel Terminal Connect Transformer Iselator Location/
? Description Tag # Block to Conrections Type Channel #
* 1. Bistable Partial Trip 1T1S/441C 13-L 1 2 Class non 1E/1F 137-9/1
(EPT) Energized Isolation
Barrier
2.  Current Loop Output ITY/441IN 13-R 4 5 Class non 1E/1F 137-14/8
(EA0) Isolation
Barrier
3. Digital Contact Output ITY/441A 13-M 7 8 Class non iE/1E 137-12/72
(ECO), Energized, NO Isolation
Barrier
4. Digital Contact Output ITY/441A 13-Me= 7 8 Class non 1£/1€ 137-1272
(ECO), Deenergized, NC Isolation
Barrier

* Disconnect function generation input to variable RTD channel (vigure B-1) any use manual switch to control
partial trip output condition during fault application.

** Move wire terminated on 13-T-12-6 to 13-T-12-7 to test NC configuration.
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TABLE A-2a

125 VDC LINE-TO-GROUND FAULY CONNECTIONS

1/0 Board
Channel i/0 Channel Terminal Isolator Location/
% Description Tag # Block Positive Negative Type Channel #
* 1. Bistablz Partial Trip 115/441C 13-1 1 G Class non 1E/1F 137-9/1
(EPT), "mergized Isolation
Barrier
* 2. Bistable Partial Tr » 115/841C 13-1 2 G Class non 1E/1E 137-9/1
(EPT), Energized Isolation
Barrier
* 3. Bistable Partial Trip 11S/441C 13-1 8 1 Class non 1E/1E 137-9/1
(EPT), Enmergized Isolation
Barrier
* 4. Bistable Partial Trip 175/4841C 13- 6 2 Class non 1E/1E 131-9/1
(EPT), Energized Isolation
Barrier
5. Current Loop Output ITY/441N i3-R 4 G Class non 1E/1F 137-14/8
(EA0) Isolation
Barrier

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

* Disconnect function generator input to variable RTD channel (figure B-1) and use manuwal switch to control
partial trip output condition during fault application.
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TABLE A-2a (Continued)
125 VDU LINE-TO-GROUND FAULT CONNECTIONS

1/0 Board
Channel i/0 Channel Terminal Connect DC Power Supply Isolator Location/
€ Description Tag # Block Positive Negative Type Channel §
6. Current Loop Output ITY/44IN 13-R S 6 Class non 1£/1E 137-14/4
(EAD) Isolation
Barrier
7. Current lLoop Output ITY/441N 13-R G 4 Class non 1E/1F 137-14/4
(EAD) Isolation
Barrier
8. Current Loop Output ITY/144N 13-R 6 5 Class non 1E/1E 137-14/4
{EAD) Isolation
Barrier

G = Earth ground (third prong of AC power feed)
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TABLE A-2b
125 vbC ll'ﬁ—'m-lll FAULT CONNECTIONS

1/0 Board
Channel /0 Channel Terminal Connect DC Power Supply isolator Location/
L] Description Tag # Block Positive Negative Type Channel #
* 1. Bistable Partial Trip 17S/841C 13-1 1 2 Class non 1E/1E 137-9/1
(EPT) Energized Isolation
Barrier
* 2. Bistable Partial Trip 17S/841C 13 1 2 1 Class non 1E/1E 137-9/1
(EPT) Energized isolation
Barrier
3. Current ioop Dutput 1TY/88) 13-1 4 5 Class non 1E/1F 137-14/8
(ERO) Isolation
Barrier
4. Current Loop Output 1TY/441IN 13-R 5 L] Class non 1E/1F 137-14/4
(EAD) Isolation
Barrier
5. Digital Contact Output ITY/441R0 13-M 7 8 Class non 1E/1E 137-12/2
(ECO), Emergized, NO Isolation
Barrier

* Disconnect function gemeration input to variable RTD channel (figqure B-1) and use manuwal switch te control

partial trip output condition during fault application.

*+ Move wire terminated on 12-T-12-6 to 13-T-12-7 to test NC configuration.
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TABLE A-2b (Continued)
125 VDC LINE-TO-LINE FAULT CONNECTIONS

1/0 Board
Channel 1/0 Channel Terminal Connect DC Power Supply Isolator Location/
4 Description Tag # Block Positive Negative Type Channel #
6. Digital Contact Output 1TY/841A 13-M** 7 B Class non 1E/1E 131-1272
(£C0), Deenergized, NC Isolation
Barrier
7. Digital Contact Output 1TY/4841A 13- M 8 7 Class non 1E/1E 137-12/72
(ECO) Energized, NO Isolation
Barrier
8. Digital Contact Output 1TY/441A 13-M*» 8 7 Class non 1E/1E 137-12/72
(ECO) Deenergized, DC Isolation
Barrier

*+ Move wire terminated on 13-7T-12-6 to 13-T-12-7 to test NC confiquration.
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TABLE A-3a
250 VDC LiNE-TO-GROUND FAULT CONNECTIONS

1/0 Goard
Channel 1/0 Channel Terminal Connect DC Power Supply Isolator Location/
% Description Tag # Block Positive Negative Type Channel ¢
* 1. Bistable Partial Trip 11S/441C 13-1 ] G Class non 1E/1E 137-9/1
{EPT) Energized Isolation
Barrier
* 2. Bistable Partial Trip 1TS/144C 13-1 2 G Class non 1E/1E 137-9/1
(EPT) Energized isolation
Barrier
* 3. Bistable Partial Trip 1TS/441C 13-L G i Class non 1E/1E 131-91
(EPT), Emergized Isolation
Barrier
* 4. Bistable Partial Trip 1TS/841C 13-1 o 2 Class mon 1E/1F 131-9/1
(EPT), Energized Isolation
Barvier
* 5. Bistable Partial Trip 1TS/441C 13-1 1 G Class non 1E/1E 131-9/1
(EPT), Deenergized Isolation
Barrier
* 6. Bistable Parttal Trip 17S/441C 13-L 2 [ Class non 1E/1E 131-9/1
(EPT), Deenergized Isolation
Barrier

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

* Disconnect function generation input to variable RTD channel (figure B-1) and use manual switch to control

partial trip output condition during fault application.
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TABLE A-3a (Continued)
250 VDC LINE-TO-GROUNG FAULT CONNECTIONS

1/0 Roard
Channel 1/0 Channel Terminal Connect DC Power Supply Isolator Location/
i Description Tag # Block Positive Negative Type Channel #
* 7. Bistable Partial Trip 1TS/441C 13- G 1 Class non 1E/1F 137-9/1
(EPT} Deenergized Isolation
Barrier
* 8. Bistable Partial Trip 1TS/441C 13-1L G 2 Class non 1E/1F 137-9/1
(EPT) Deenergized Isolation
Barrier
9. Current Loop Output ITY/44IN 13-R 4 G Class non 1E/1F 137-14/4
(EAD) Isolation
Barrier
10. Current Loop Output ITY/44]IN 13-R 5 G Class non 1E/1F 137-14/4
(EAD) Isolation
Barrier
11. Current Loop Output ITY/441IN 13-R G 4 Class non 1E/1F 137-14/4
(EAD) Isolation
Barrier
12.  Current Loop Output ITY/441IN 13-R 6 5 Class non 1E/1F 137-14/4
(EAD) Isolation
Barrier

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

* Disconnect function generation input to variable RTD channel
partial trip output condition during fault applicatien.

430IN:4
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TABLE A-3a (Continued)

250 VDC LINE-TO-GROUND FAULT CONNECTIONS

1/0 Board
Channel 1/0 Channel Terminal Connect DL Power Supply Isolator Location/
# Description Tag # Block Positive Negative Type Channel #
13. Digital Contact Output 1TY/841A 13-M 7 6 Class non 1E/1F 137-12/2
(ECO), Emergized, NO Isolation
Barrier
18, Digital Contact Output ITY/441A 13-M 6 7 Class non 1E/1E 137-12/2
(ECO), Emergized, NO Isolation
Barrier
15. Digital Contact Output ITY/441A 13-M*+ 7 6 Class non 1E/1E 137-12/72
(ECO), Energized, NC Isolation
Barrier
16. Digital Contact Output ITY/441A 13-Me= G 7 Class non 1E/1F 131-12/2
(ECO), Energized, MC Isolation
Barrier

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

** Move wire terminated on 13-T-12-6 to 13- 7T-12-7 to test NC configuration.
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TARLE A-3b

250 VDC LINE-TO-LINE FAULT CONNECTIONS

1/0 Board
Channel 1/0 Channel Terminal Connect DC Power Supply Isolator Location/
i Description Tag # Block Positive Negative Type Channel #
* 1. Bistable Partial Irip I1S/441C 13-4 1 2 Class non 1E/1F 1371-9/1
(EPT) Emergized Isolation
Barrier
* 2. Bistable Partial Trip 17S/144C 13-1 2 1 Class non 1E/1F 137-9/1
(EPT) Energized isolation
Barrier
* 3. Bistable Partial Trip I1S/841C 13- i 2 Class non 1E/1E 137-9/1
(EPT), Deenergized Isolation
Barrier
* 4. Bistable Partial Trip 171S/841C 13-1 2 1 Class non 1E/1F 1371-9/1
(EPT), Deenergized isolation
Barrier
5. Current Loop Output ITY/441N 13-R 4 5 Class non 1E/1E 137-14/4
(EAD) Isalation
Barrier
6. Current Loop Output ITY/44IN 13 R 5 4 Class non 1E/1F 137-14/4
(EAOD) Isolation
Barrier

* Disconnect function generation input to variable RID channel (figure B-1) and use manual switch to control

partial trip output condition during fault application.
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TABLE A-3b (Continued)
250 VDC LINE-TO-LINE FAULT CONNECTIONS

1/0 Board
Channel 1/0 Channel yerminzl Connect DC Power Supply Isolator Location/
# Description Tag # Block Positive Negative Type Channel #
7. Digital Contact Output ITY/441A 13-M 7 8 Class non 1E/1E 137-12/2
(ECO) Emergized, NO Isolation
Barrier
8. Digital Contact Output 1TY/144A 13-M=e 7 8 Class non 1E/7F 131-12/2
(ECO) Deenergized, NC Isolation
Barrier
9. Digital Contact Output ITY/441A 13-m f 7 Class non 1E/1E 137-12/2
(€C0), Emergized, NO Isolation
Barrier
10. Digital Contact Oufput ITY/441A 13-M* 8 7 Class non 1E/1E 137-12/2
(ECO) Deenergized, NC Isolation
Barrier
11. Digital Contact Output ITY/841A 13-m 7 8 Class nos 1E/1E 137-12/2
(ECO), Deenergized, NO Isolation
Barrier

* Disconnect function generation input to variable RTD channel (figure B-1) and use manual switch to control

partial trip output condition during fault application.

** Move wire terminated on 13-T-12-6 to 13-T-12-7 to test NC configuration.
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‘ABLE A-3b (Continued)
250 VDC LINE-TO-LINE FAULT CONNECTIONS

1/0 Board
Channel 1/0 Channel iferminal Connect DC Power Supply Isolator Location/
B Description Yag # Block Positive Negative Type Channel #
12. Digital Contact Output ITY/441A 13-M* 7 8 Class non 1E/1F 137-12/2
(ECO) Emergized, NC Isolation
Barrier
13. Digital Contact Output ITY/144A i3-M 8 7 Class non 1E/1E 137-12/72
(ECO) Deenergized, NO Isolation
Barrier
14. Digital Contact Output ITY/441A 13- 8 7 Class non 1E/1C 137-12/2
(ECO), Energized, NC Iselation
Barrier

** Move wire terminated on 13-T-12-6 to 13-T-12-7 to test NC configuration.
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TABLE A-4a
580 VAC LINE-TO-GROUND FAULT CONNECTIONS

Connect Transformer 1/0 Board
Channel 1/0 Channel Terminal Secondary Hot lLead to Isolator Location/
] Description Tag # Block Connection Type Channel #
* 1. Bistable Partial Trip 171S/441C 13-t 1 Class non 1E/1E i37-9/1
(EPT) Energized Isolation
Barrier
* 2. Bistable Partial Trip 171S/144C 13-1 2 Class non 1E/1F 137-9/1
{EPT) Energized Isolation
Barrier
* 3. Bistable Partial Trip I71S/7441C 13-1 | Class nor 15/1E 137-9/1
(EPT), Deenergized Isolation
Barrier
* 4. Bistable Partial Trip 11S/441C 13-L 2 Class non 1E/1F 137-9/1
(EPT), Deenergized Isolation
Barrier
5. Current Loop Outpu: ITY/441N 13-R 4 Class non 1E/1E 137-14/4
(EAO) Isolation
Barrier
6. Current Loop Output ITY/441IN 13-R 5 Class non 1E/1E 137-14/4
{EAD) _solation
B2-rier

* Disconnect function generation input to variable RTD channel (figure B-1) and use manual switch to control
partial trip eutput condition during fauit application.
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LL=3

TABLE A-4  (Continued)
580 VAC LINE-TO-GROUND FAULT CONNECTIONS

Connect Transformer 1/0 Board

Channel 1/0 Channel Terminal Secondary Hot Lead to Isolator Location/

’ Description Tag # Bleck Connection Type Channel #

7. Digital Contact Output ITY/441A 13-M 7 Class non 1E/1E 137-12/2
(ECO) Energized, "0 Isolation

Barrier

8. Digital Contact Output 1TY/144A 13-Ma* 7 Class non 1E/1E 137-12/2

(ECO) Emergized, NC Isolation

Barrier }
|
|

** Move wire terminated on 127-12-6 to 12-T-12-7 to test NC configuration.
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TABLE A-4b
580 VAC LINE-TO-LINE FAULT CONNECTIONS

1/0 Board
Channel 1/0 Channel Terminal Connect Transformer Isolator Location/
¢ Description Tag # Block to Connection Type Channel #
* 1. Bistable Partial Trp 115/441C 13-1 1 2 Class r3n 1E/1E 1371-9/1
(EPT) Energized Isolation
Barrier
* 2. Bistable Partial Trip 17S5/144C 13-t 1 2 Class non 1£/1E 137-9/1
(EPT) Deenergized Isolation
Barrier
3. Curvent Loop Output 1TY/44IN 13-R 4 5 Class non 1E/1E 137-14/4
(EAD) Isolation
Barrier
4. Digital Contact Output ITY/44]1A 13-M 7 8 Class non 1E/1E 137-14/4
{¥EC0), Energized, NO Isolation
Barrier
5. Digital Contact Output ITY/441A 13-M*+ 7 8 Class non 1E/1E 131-12/2
(ECO), Deenergized, 'IC Isolation
« Barrier
6. Digital Contact Output ITY/441A 13- 7 8 class non 1E/1E 137-12/2
(ECO), Deenergized, NO Isolation
Barrier
7. Digital Contact Output 1iY/441A 13-Ma» 7 8 Class non 1£/1F 137-12/2
(ECO) Energized, NC Isolation
Barrier

* Disconnect function generation input to variabie RID charnel (figure B-1) and use manual switch to control

partial trip output condition during fanlt applicatien.

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



ATTACHMENT B
FIELD CONNECTIONS AND SIMULATION

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

Cabinet Configuration Information:

The cabinet under test, Qualification Unit 2, is 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.

Rrawing Description Drawing Number/Rev.

Terminal Block Wiring Diagram, i-47043 PW-13, rev. 3t
Protection Set 4

Process Control Block Diagram, 108D408 sh. 10, rev. 1)
Delta T/TAVG System

Process Control Block Diagram, 108D408 sh. 34, rev. 8
W.R. $.G. Level
Process Control Block Diagram, 108D408 sh. 38, rev. 4

Pressurizer Liquid/Vapor Temp.

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

Process Control Block Diagram, 1080408 sh. 43, rev. 1
RCS Wide Range Pressure

Eagle-21 Schematic Diagrams, 1856E69 sh. 2, rev. 2
Rack 13 Protection Set 4

C-72
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; ATTACHMENT C
TRANSIENT DATA RECORDING SYSTEM CONNECTIONS

This attachment contains the following:

Table C-la
Table C-1b
Table C-lc¢

Table C-2a2
Table C-2b
Table C-2c¢

o Table C-3a

Table C-3b
Table C-3d

4301N: 4

Tape Recorded 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 Contact Output Test
Data Logger Recorder Datz, 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

C-75



TABLE C-la
TAPE RECORDED DATA, CURRENT LOOP OuTPUT TEST

Channel  Recorded Tag Terminal Terminal Buffer
¢ Signal # Block Connection Amplifier
Hi Lo Sh Gain

Analog Output 1TY/44]1L 10 11
Analog Output ITY/503A | R |
Analog Output ITY/502A 7 g
Analog Output 1TY/441Q )|
Analog Output 1TY/441G ]
Analog Output 1TY/441F ]
Analog Output 1TY/5028 l
Analog Output 1TY/442C 8 1

)\

7

]

7

7

)\

—
~>

10
10
10
10
10
10
10
10
10
10
10
10
10
10

—
>

—

W ;W N
w\owmu‘wmw«)

Analog Output ITY/441M
Analog Output JTY/441P
Analog Output 1TY/4426
Analog Output ILY/5038
Analog Output 1TY/441E
Analog Output E/ 1TY/454B

4
4
4
¢
]
2
8
2

10
10
4

GO s

* Measure current across 20 ohm transmitter test resistor. See figure B-4
** Monitor function generator output signal. See figure B-3.
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TABLE C-1b
TAPE_RECORDED DATA. DIGITAL CONTACT OUTPUT TEST

Channel  Recorded Tag Terninal  Terminal Buffer
L Signal ¢ Block Connection Amplifier
Hi Lo Sh Gain

-

1. Bistable Partial Trip 17S/442D 13-% 3 & .05
5. Bistable Partial Trip 17S/4420 13-M 1 2 .05
3. Contact Output 1TY/441C 13-M § A | .02
4, Contact Output 1TY/441D 13-M 9 10 .02
5. Analog Output E/I 1TY/441G 13-H 1 5 10
6. Analog Output E/I 1TY/441F 13-) 1 4 5 10
Contact Output 1TY/44] 13-M 5 .02
8. Analog Output E/I 1TY/442C 13-6 1 2 3 10
8. Analog Output E/I 1TY/441E 13-H N 1 B b 10
10. Analog Output E/I ITY/441H 13.p 1 3 10
11. Analog Output E/I 1TY/442G 13-G )| 2 3 10
1%, Analog Output E/I ITY/4410 13-P 4 5 6 10
13. Analog Output E/I ITY/441E 13-H ) S |+ Bedn 1 | 10
14, Function Cenerator Sig. N/A wh .05

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

Note: For ECO test move EPT board and termination frame wiring from T-10 to
T-11.
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JAPE RECORDED DATA, PARTIAL TRIP QUTPUT TEST.

TABLE C-1c

Channel  Recorded Tag Terminal Terminal Buffer
¥ Signal @ Block Connection Amplifier
Hi Lo Sh Gain
1. Bistable Partial Trip 17S/441G 13-L 5 6 .05
2. Bistable Partial Trip ITS/4420 13-M 3 4 .05
3 Bistable Partial Trip ITS/442C 13-M 1 2 .05
4, Bistable Partial Trip IT7S/441C 13-L 1 2 .05
5. Bistable Partial Trip 17S5/441D 13-L 3 4 .05
6. Bistable Partial Trip ITS/441H 13-L 7 8 .05
T Analog Input 1/E 1PY/408 . 20
8. Analog Output E/I 1PY/4088 13-N 7 8 9 10
9. Analog Input I/E IPY/458Q * 10
10. Analog Output E/I 1TY/441G 13-H 1 4 5 10
| B8 Analog Output E/I ITY/4426G 13-6 1 2 3 10
& B8 Analog Output E/I ILY/503B 13-K (A5 | S | 10
13. Analog Output E/I ITY/441E 13-H (ARE (- RGE 10
14, Function Generator Sig. N/A e .05

* Measure current across 20 ohm transmitter test resistor.
** Monitor function generator output signal.

4301N:4
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TABLE C-2a

DATA LOGGER RECORDED DATA. CLRRENT LOOP OUTPUT TEST
Channel Recorded Tag Terminal Terminal
# Signal ’ Block Connection
Hi Lo S$h
Anglog Input E/E INY/441B 13-C 1 2 3
s Analog Input E/E INY/441A 13-C 4 5 )
2. Analog Output E/I 17Y/441L 13-P 10 11 12
22, Analog Output E/I 1TY/441M 13-R 1 2 3
23. Aralog Output E/I 1TY/442C 13-F sl b (R
24, Analog Qutput E/I 1TY/442G 13-G )| 2 3
25. Analog Output E/I 1TY/441G 13-H 1 & 5
26. Analog Output E/I ITY/441E 13-H S | R |
27. Analog Output E/I ITY/441F 13- l 2 5
28, Analog Output E/I 1TY/441P 13-R 7 8 9
29. Analog Output E/I ITY/441Q 13-§ 1 2 3
30. Analog Output E/I 1TY/5028 13-K 1 4 )
31. Analog Output E/I ITY/503A 13-J 0 BREES b Rl ¢
32. Analog Output E/I ITY/502A 13-J 7 8 ¢
33. Analog Cutput E/I ITY/5038 13-K ARMI | IBE ¢
34, Analog Output E/I ITY/4548 13-F 1 2 3
35 Analog Irmput 1/E 1PY/458(Q w
36 Analog Input I/E ILY/502 .
37 Analog Input I/E ILY/503 .
38 Analog Input 1/E 1PY/408 .

* Measure current across 20 ohm transmitter test resistor. See figure B-4.
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TABLE C-2b
e DATA_LOGGER RECORDED DATA, DIGITAL CONTACT OUTPUT TEST

Channel Recorded Tag Terminal Terminal
/ Signal ® Block Connection
Mt Lo 8h

6. Analog Input E/E INY/441B 13-C 1 2 3
B Analog Input E/E INY/441A 13-C 4 5 6
9. Contact Output ITY/44] 13-M 5 6

10. Contact Output ITY/441A 13-M 7 8

i Contact Output 1TY/441C 13-M 11 18

12. Contact Output 1TY/4418 13-M 9 10

22. Analog Output E/I ITY/441E 13-F 5 6 7
23, Analog Output E/I 1TY/442C 13-F R
24. Analog Output E/I 1TY/4426G 13-6 1 2 3
25. Analog Output E/I 1TY/441G 13-H 1 “ 5
26. Analog Output E/I ITY/441¢E 13-H SRR | R 1
7. Analog Output E/I ITY/2A1F 139 1 3 5
28. Analog Output E/I "T /441H 13-P | 2 3
29. Analog Output E/I (/4410 13-P & 5 6
38, Analog Input 1/E 1PY/458Q »

36. Analog Input 1/E ILY/502 *

37. Analog Input I/E ILY/503 .

38. #nalog Input I/E 1PY/408 .

* Measure current across 20 ohm transmitter test resistor. See figure B-4.

c-80
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TABLE C-2¢
DATA_LOGGER RECORDED DATA, P ARTIAL TRIP QUTPUT TEST

Channel Recorded Tag Terminal Terminal
' Signal # Block Connection
Hi Lo Sh
6. Analog Input E/E INY/44]18 13-C 1 2 3
7. Analog Input E/E INY/441A 13-C 4 5 6
2l Analog Output E/1 1TY/4411 13-P 30 31 3R
22. Analog Output E/I ITY/441M 13-R 1 2 3
23, Analog Output E/I 1PY/4088 13-N 7 8 9
24, Analog Output E/I 1TY/4426 13-6 1 2 3
25, Analog Output E/1 ITY/441G 13-H 1 < 5
26. Analog Output E/I ITY/441¢E 13-H AR | | RN |
27, Analog Outpui E/I ITY/441F 13-J 1 4 5
28, Analog Output E/! 1TY/441P 13-R 7 8 9
29. Analog Output E/I ITY/441Q 13-§ 1 2 3
30. Analog Output £/1 ITY/5028B 13-K 1 4 5
31, Analog Output E/I ITY/503A 13-J 303} 3R
32. Analog Output E/I ITY/5028 13-J 7 8 )
33. Anaiog Output E/1 ITY/5038 13-K e () R |
34, Analog Output E/I ITY/4548 13-F 1 2 3
35 Analog Input I/E 1PY/458Q *
36 Analog Input I/E ILY/502 .
37 Analog Input 1/E ILY/503 *
38 Analog Input 1/E 1PY/408 *

* Measure current across 20 ohm transmitter test resistor. See figure B-4.

c-81
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TABLE C-3a
SIRIP CHART RECORDED, CURRENT LOOP QUTPUT TEST

Channel  Recorded Tag Terminal Terminal Bufferss»
[ Signal i Block Connection Amplifier
Hi Lo Sh Gain

Analog Output E/I ITY/4548 13-F 1 2 3 10
s Analog Output E/I ITY/44]L 13-P | JES b S | 10
3. Analog Output E/I ILY/503A 13-4 (AR & RS | 10
4. Analog Output E/I ILY/502A 13-9 7 8 9 i0
5. Analog Output E/1 ITY/441Q 13-§ 1 2 3 10
6. Analog Output E/I ITY/441G 13-H ] < 5 10
s Analog Output E/I ITS/441F 13-J 1 4 5 10
8. Analog Input E/E INY/441B 13-C 1 Py Y B
9. Analog Output E/I ILY/5028B 13-K 1 4 5 10
10, Analog Output E/I 1TY/442C 13-F SN ¢ Bl ! 10
11, Analog Output E/I ITY/441M 13-R 1 2 3 10
12. Analog Output E/I 1TY/441P 13-R 7 8 8 10
13. Analog Output E/! 1TY/4426 13-6 1 2 3 10
14, Ana'.g Output £/1 ILY/5038 13-K : ZE | RS | | 10
18. Analog Output E/! 1TY/441E 13-H I | RS ) 10
16. Analog Input E/E INY/44]1A 13-C [ 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 0 to 1 transition.

C-82
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TABLE C-3b
STRIP CHART RECORDED, DIGITAL CONTACT OUTPUT TESI

Channel  Recorded Tag Terminal  Termina) Bufferwes
# Signal # Block Connectio.. Amplifier
Hi Lo Sh Gain

Function Generator Sig. N/A .05
Bistable Partial Trip 175/4420 .05
Bistable Partial Trip 17S/4426 .05
Contact Output ITY/441C .02
Contact Output I1TY/4418B .02
Analog Output E/I ITY/441G 10
Analog Output E/I ITY/441F 10
Analog Input E/E INY/4418B 2.0
Contact Output ITY/44) .02
Analog Output E/I 1TY/442C 10
Analog Output E/I ITY/441¢E 10
Analog Output E/1 ITY/441H 10
Analog Output E/I ITY/442G 10
Analog Output E/I ITY/4410 10
Analog Output E/I ITY/441F 10
Analog Input E/E INY/441A 2.0
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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 swiny for digital output signal 0 to 1 transition.
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TABLE C-3¢
STRIP CHART RECORDED. PARTIAL TRIP QUTPUT TEST

Channel  Recorded Tag Terminal Terminal Bufferwes
# Signal # Block Connection Amplifier
Hi Lo Sh Gain

Function Generator Sig. N/A .05
Bistable Partial Trip 17S/441C .05
Bistable Partial Trip 175/442D .05
Bistable Partial Trip 17S/442C .08
Bistable Partial Trip 17S/441C .05
! table Partial Trip I7S/441D .05
uvistable Partial Trip 17S/441H . .05
Analog Input E/E INY/4418 2.0
Analog Input 1/E 1PY/408 20
Analog Output E/I IPY/408B 10
Analog Input 1/E 1PY/458Q 10
Analog Output E/1 1TY/441G 10
Analog Output E/I 1TY/4426 2 10
Analog Output E/I ILY/5038 10
Analog Output E/I 1TY/441E : 10
Analog Input E/E INY/441A 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 0 to 1 transition.
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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 ©o ©O

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

Partial Trip Output (energized and deenergized conditions), class

non-lE/1E isolator

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

Current Loop Input (4-20 mA, 10-50 mA, with and without Toop power
supply)

WR RTD Input

WR RTD Input (0-10 volt application)

NR RTD Input

Cabinet AC power feed

The test configuration is documented in Attachments £ and C.

2.0 PREPARATION FOR TEST

2.1

2.2

4284N:4

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

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 informaticn and
record analog input/output readings via data logger printout.

C-8€



2.2.2 Set signal inputs per table 1-1. Adjust analog input
signals, using the MMI to obtain the expected engineering
unit values specified in table 1-1. Using figure B-6 in
Noise Test Procedure JPD-111687-0 as a reference, adjust the
variable RTD channe! per the following procedure:

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

0 Adjust the high adjust potentiometer so that channe)
TE-441A3 reads 618.261+/-.375 Deg f on the MMI.

0 Verify that the TAVG MMI reading equals 589.740 + .2 Deg f.
Verify the following actua?! bistable output status:

TS/441C = Not Tripped
TS/441G = Not Tripped
TS/441D0 = 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 MMI
screens.

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

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

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

TS/1441C = Tripped

TS/1441G = Tripped

TS/1441D = Tripped

TS/1441H = Tripped
C-87
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75/14420 = Not Tripped
TS/1442G = Not Tripped

Obta.n & printout of the Delta T/TAVG system analog

inputs, analog test points and comparator information MMI
screens.

Open the manua)l 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 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 &t
.05HZ and a duty cycle of approximately 10%.

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

¢T PROCEDURE

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

3.1

4284N:4

Pretest

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

Disconnect data logger. Cunfigure the |

lp o and [ ]b 6 isolation network as shown
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.




3.3

3.4

3.5

3.6

Connect the isolation network 1ine out connection to the channel
under test and verify the readiness of the data acquisition system.
Enter identifying records in tape recorder log and surge test date
sheet (figure 1-4). Follow the test specific instructions given in
sections 4 and 5,

Disconnect the data logger, close the recorder start switch, start
the tape recorder and record 2 minutes of pretest data. Increase
strip chart speed to 25 mm/sec. Simultaneously energize the surge
generator and close the event marker switch. Monitor the surge
waveform on the oscilloscope and deenergize the event marker upon
removal of the surge. Decrease chart speed to 100 mm/min. Observe
the strip chart recorder and record and analog output signal
deviations and/or trip output status failures. A trip output status
failure is defined as a failure of & trip output signal to switch
upon receipt of the switch signal from the test station. Record 2
minutes of post test data. Open the recorder start switch and stop
the tape recorder.

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

With the system confirmed to be in the pretest condition, procesd te
the next test,

4.0 COMMON MODE SWC TEST

4.1

4.2

47841 4

Connect the [ ]b,c isolation network line out
terminals to the designated terminal block connections as specified
in Table A-la. Use hook-up wire to make connections and minimize
lead length.

Connect the surge generator "High" output to surge transient input 1
of the isolation network. Connect the surge generator "Low" output
to the ground connector of the isolaticm network.



Sco

6.0
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4.3 Connect the surge generator chassis ground to the isolation network
ground.

4.4 Set the isolation 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.

TRANSVERSE MODE SWC

5.1 Connect the [ ]b,c isolation network line and
terminal to the designated terminal block connections as specified in
Table A-1b. Use hook-up wire to make connections and minimize lead
length.

§.2 Connect the surge generator “High" output to surge t-ansient input 1 of
the isolation network. Connect the surge generator "Low" output to
surge generator transient input 2 of the isolation network.

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

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

5.5 Follow the test sequence described in Section 3 for each channe)
designated in table A-lb.

ACCEPTANCE CRITERIA
6.1 Description

The acceptance criteria for the Eagle 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 1nput/output excluding the test panel and MMI
communication connection.

C-90



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

Figure 1-1 Common Mode SWC Test Connections
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(See figure 5-12b of WCAP test report)

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

Figure 1-3 Block Diagram of SWC Test

€-93
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TYPE

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

DATA LOGGER VERIFICATION PRINT OUTPUT #

Procedure Rev.

DATE

TEST #

POINT #

SYSTEM STATUS:

REMARKS AND TEST OBSERVATION

DISCONNECT DATA LOGGER

IEST
TAPE RECORDER FOOTAGE BEGIN _________ END
SYSTEM STATUS:

SET #

REMARKS AND TEST OBSERVATION

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

REMARKS AND TEST OBSERVATION

PERFORMED REVIEWED

Figure 1-4 Surge Test Data Sheet

C-94
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TABLE 1-1
STMILATED INPUT STGRAL

Chamnel Charine! Terminal Terminel 170 Boerd 170 Board Stmuleter Expect
LY Tag ¢ Rlock Cormmectton Location Comne-tion Signel 2R
Bt Lo Sh " Lo Sh
- B Neutron Flux NY-441A 13-C 4 S L] 1374 9 13 3.0 16. 00
Lower Ion
2. Neutron Plwy NY-4418 13-C 1 2 3 137-4 2 [ 4.84 wolt 20.90
Upper Ion
3. Pressarizer Pressure PY7458Q 13-% - = .~ 131-8 1 12 14 38.75 mA 2239 ¢
4. Cold Leg Temporsture TE-4418 13-8 1,2 4.3 5 137-8 8.3 7.4 1 425808 chme 382.70
S. Cold Lag Temperature TE-4408 13-8 7.8 10,0 11 137-8 8.1 9,12 1 425.008 clme ssz2.70
LB Sot Leg Tempersture TE-441A1 13-A 1,2 4.2 S 137-S 8.3 7.8 1 447392 olms 618 .04
Y. Sot. Leg Tempersture TE-&41A2 13-A 7.8 10.9 11 137-S s 1n 9,12 1" 447 382 ohme 816.04
8. Hot Lasg Tempersture TE-84123 13-C 8.9 11,10 12 131-5 20,17 21,18 13 zx ohme b
9. Steam Gemnerator LT-502 13-2 1 2 3 137-2 L] 11 14 20m 25+ .
Level Loop 2
10. Stess Generstor LY-303 13-2 k! 5 L} 137-2 20 17 15 0 M 75
Level Loop 3
1. RCS Wide Range PT-A08 13-8 1 2 3 137-2 20 19 13 12 M 1500 ¢
Pressure
12. Pressurizer Vapor TE-A54 13-p 1.2 4.3 5 137-4 20,17 21,18 13 400 OBS 99.28
Teop
13. Residual Heet Removal TE-812 13-9 8.0 11,10 i2 137-4 22,28 23,28 28 300 OFMS 260.40

Pump Discharge Temp

NOTE: -

4284N:4

XX - Varisbie RTD input, set nominally
at &47.175 obme (815 502 Deg f) for the
low resistance reading and 448 _284& ohms
(618 261 Deg f) for the high resistance
reading. Seo step 2.3.2 for detalls.



NOTE:
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ATTACHMENT A
SWC TEST CONNECTIONS

Use two 1solation networks for Bistable Partial Trip and Cabinet AC
power input common and transverse mode tests. Install isolation
network No. 1 to protect the test lab AC power source. Irstall
isolation network No. 2 to protect the test station trip output
monitoring device. Disconnect isolation network "line in" connection
during surge application for all tranverse mode tests excluding the
cabinet AC power input test.

This attachment contains the following tables:
o Table A-la - Common Mode SWC Test Connections

0 Table A-1b - Tranverse Mode SWC Test Connections
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TABLE A-1a
COMMON MODE SWC TEST CONNECTIONS

CONNECT LINE-OUT TO

Channel 1/0 Channel Terminal Terminal Isolator 1/0 Board
¥ Description Tag # Block Connection Type Locatien/
Hi Lo Channel #
*]. Bistable Partial Trip, 17S/442G 13-M 1 2 Class non 1E/1E 137-10/1
Energized Isolation
Barrier
2. Bistable Partial Trip, 115/4426G 13-M 1 2 Class non 1E/1E 137-10/1
Deenergized Isolation
Barrier
3. Analog Output 1PY/408A 13-N 4 5 Class non 1E/1E 137-16/2
Isolation
Barrier
4. Contact Output (No), ITY/441A 13-M 7 8 Class non 1E/1E 137-12/2
Energized Isolation
Barrier
S. Contact Output (NC), 1TY/441A 13-M** 7 8 Class non 1E/1E 137-12/2
Energized Isolation
Barrier
6. Contact Output (No), TY/441A 13-M 7 8 Class non 1E/1E i37-12/72
Deenergized Isolation
Barrier

* Disconnect function generator input to variable RTD channel (figure B-1) and use manual switch to control
partial trip output condition during surge application.
**Move wire terminated on 137-12-6 to 137-12-7 to test NC configuration.

47284N:4
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TABLE A-ia (Continued)
COMMON MODE SWC TEST CONNECTIONS

CONNECT LINE-OUT TO

Channel 1/0 Channel Terminal Terminal Isolator 1/0 Board
L Description Tag # Block Connection Type Location/
Hi Lo Channel #
7. Contact Output (NC), TY/441A 13-Me* 7 8 Class non 1E/1E 131-12/2
Deenergized Isolation
Barrier
8. WR RTD Input ITY/612 13-D 8,9 11,Ic N/A 137-4/4
9. NR RTD Input ITY/441Y 13-A 7,8 10,9 N/A 137-5/2
10. Current iLoop Input, IPY/4580 137-8 8,9 11,12 N/A 137-8/2
Activer**
11. Current Loop Input 1PY/4580 137-8 11 12 N/A 137-8/2
Passive***
12. Current Loop Input IPY/408 13-N i 2 N/A 137-8/3
Active
13. WR RTD Input, INY/441A 13-C 4 5 N/A 137-4/2
0-10 volt application
4. Cabinet AC Power Input N/A 13-¥ 11 12 N/A N/A
15. Contact Output (NO/NC/C), I1TY/441A = 13 M 7 8 Class non 1E/1F 1371-12/2
Energized Isolation
Barrier

**Move wire terminated on 137-12-6 to 137-12-7 to test NC configuration.
***Active operation utilizes on-board DC power supply. Passive operation utilizes external power supply.

4784N:4
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TABLE A-1a (Continued)
COMMOR AODE SWC TEST CONNECTIONS

CONNECT LINE-OUT T°

Channel 1/0 Channo? T~rminal Terminal Isolator 1/0 Bex d
# Description Tag # Bleck Connection Type Location/
Hi Lo Channel #
16. Contact Output (NO/NC/C), ITY/441A 13-M 7 8 Class non 1E/1 137-12/2
Deenergized Isolation
Barrier
17. WR RTD Input 1TY/454 13-D 1,2 4.3 R/7A 137-4/3
18. NR RTD Input 1TY/441X 13-A 1,2 4.3 A 1371-5/1
19. Current Loop Inpwt IPY/4589 1371-8 8 11 N/A 137-8/2
Active

A784N-4
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TABLE A-1b
TR2IVERSE MODE SWC TEST CONNECTIONS

Channel 1/0 Channel Terminal Connect Isolator 1/0 Board
¢ Description Tag # Block Line-Out Type Location/
Hi Lo Channel #
*]. Bistable Partial Trip, 175/68426G 13-K 1 2 Class non 1E/1E 137-19/1
fne-gized Isolation
Barrier
*2. Bistable Partial Trip, 1715/4426 13-m i 2 Ciass non 1E/1E 137-10/1
Deenergized Isolation
Barrier
2. Analog Output I1PY/408A 13-N 4 S Class ron 1E/1E 137-16/2
Isolation
Barrier
4. Contact Output {NO), 1TY/841A 13-m 7 A Class nom 1E/1E 137-1272
Energized Isolation
Barrier
5. Contact Output (NC), ITY/441A 13-M 7 8 Class non 1E/1E 137-12/72
Energized Iselation
Barrier
6. Contact Output (NO), ITY/441A 13-M 7 8 Class nom 1E/1E 137-12/72
Deenergized
r A Contact Output (NC), ITY/441A 13-M*+ 7 8 Class non 1E/1E 137-12/2
Deenergized Isolation
Barrier

47284N:-4




TABLE A-1b (Cont inued)
TRANVERSE HODE SWC TEST CORRECTIONS

i/0 Channel i/0 Boavd
Locat ion/

Description Tag ¢
Channel #

17y/612 137-4/4
137-4/8

¥R RTD Input

¥R RTD Iaput iTv/612
" RTD Input 1Ty/612 ‘ 137-4/4
WP RTD Input 1Tv/612 137-4/4
¥R RTD Input ITv/612 137-4/4

¥R RTD Input 1TY/612 137-4/8

Curvent Losp Input, iPY/4580 137-8/2
Active

Curvent Locp [ put, 1PY/4580 137-8/2
Active

rrent Loop Input, IPY/E587
Active

Curveat Loop Input, IPY/4580Q 137-8/2
Passive

Curvent Loop Input, 1PY/408 137-8/3
Active

137-8/2

478604
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TABLE A-1b [Continued)
TRANVERSE MODE SWC TEST CONNECTIONS

Channel 1/0 Channel Termias! Connect isolator 1/0 Board
H Description Tag # Block i fne-0ut Type Lacation/
Hi io Channel §
19. ¥R RTD Input, INY/441A 13-C 4 5 N/A 137 »72
0-10 Yolt Application
20. Cabinet AC Power Input N> 13- i 2 N/A N/A
21. Contact Output (NO/NC}, ITY/441A 13-m 7 R Class non 1E/1E 137-12/2
Energized fsolation
Barrier
22. Contact Output {NO/NC), ITY/441A I5M 7 8 Class non 1E/1E 131-12/2
Deenergized isolation
Barrier
3. WR RTD Input 1TY/454 i3-p 2 3 k'a 137-4/3
24. W RTD Input 1TY/454 13-D i £ N/A 137-4/3
25. NR RTD Input IT7/441X 13-A 2 3 N/A 137-5/1
26. NR RTD Input 1TY/841X 13-4 1 4 N/A 137-5/1
27. NR RTD Input 17Y/7441Y 13-4 ) i0 N/A 137-8/2
28. NR RTD Input 1TY/445% 13-A 8 11 N/A 137-5/2

47284N-4



ATTACHMENT B
FIELD CONNECTIONS AND SIMULATION

See test procedure JPD-111687-0 figures B-3 through B-9 for input simulation

and inpt/output monitoring connections.

Cabinet Configuration Information:

The tabinet under test, Qualificatien Unit 2, s an exact replica of Watts Bar
The following arawings document the
cabinet configuration. Copies of these drawings will be included as part of

Nuclear Power Station Protection Rack 13,

the final test report.

Rrawing Qescription

Terminal Block Wiring Diagram,
Protection Set 4

Process Control Biock Diagram,
Delta T/TAVG System

Process Control Block Diagram,
W.R. §$.G. Leve)

Process Control Block Ciagram,

Pressurizer Liquid/Vapor Temp.

Process Control Biock Diagram,
RHR Pump Discharge Temp

Process Control Block Diagram,
RCS Wide Range Pressure

fagle-2] Schematic Diagrams,
Rack 13 Protection Set 4

428N 4

Rrawing Number/Rev.

147043 PW

1080408 sh.

1080408 sh.

1080408 sh.

1080408 sh.

108D408 sh.

1856E69 sh.

C-10%

’13’ rev.

10,

34,

38,

39,

43,

rev.

rev.

rev.

rev.

rev.

3t

1

2, rev. 2



ATTACHMENT €
TRANSTENT 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

C-107
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TAELE C-]
TA
Channel  Recorded Tag Terminal Terminal Buffer
[ Signal ¥ Block Connection Amplifier
Ki Lo Sh Gain

1. Bistable Partial Trip 17S/4420 13M 3 " 08

2. Bistable Partial Trip I7S/4426 13-M 1 2 .05

3. Bistable Partial Trip I1TS/441C 13-1 1 2 .05

4. Bistable Partial Trip 17S/441D 13-L 3 4 .05

5. Bistable Partial Trip I17S/441H 13- S .05

6. Bistable Partia)l Trip 17S/441G 13-1 § 6 .05
Contact Output 1TY/44) 13-M & 6 02

8. Analog Output E/1] ITY/454A 13-6 2 5 6 10

9. Anralog Output E/1 ITY/441L 13-K 7 10 11 10
10, Analog Input 1/E 1PY/458Q . 10
11. Analog Output E/] ITY/441K 13-K 1 4 L) 10
12. Analog Input 1/E 1PY/408 . 20
13, Analog Output E/1 1PY/4088 13N  AGAE R 10
14, Function Generator Sig. N/A " .05

*Measure current across 20 ohm transmitter test resistor. See figure B-4.
**Monitor function generator output signal. See figure B-3.
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TABLE C-2

DATA LOGGER RECORDED DATA
Channel  Recorded Tag Terminal Termini)
' Signal g Block Connection
Hi Lo Sh
6. Analog Input E/E INY/4418 13-C 1 2 3
7. Analog Input E/E INY/M4)A 13-C 4 L] 6
9. Contact Output 1TY/44) 13-M 5 6
10. Contact Output ITY/441A 13-M S
22. Analog Output E/I 1TY/441L 13-P 10 11 12
23, Analog Output E/I ITY/454A 13-6 ¢ 5 6
24, Analog Output E/I ITY/441K 13-P 7 8 B
25. Analog Output E/I ILY/5028 13-K 1 é 5
26. Analeg Output E/1 1PY/408B 13-W S [See
2. Analog Output E/I ILY/5038 13-K 7 BN
35 Analog Input I/E 1PY/458(Q .
36 Analog Input 1E 1.Y/502 *
37 Analog Input 1/E ILY/503 .
38 Analog Input 1/E 1PY/408 *

*Measure current across ¢0 ohm transmitter test resistor. See figure B-4.

€109
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TABLE C-3

Recorded Tag Terminal Bufferees
Signal W Block Connection Amplifier
Gain
1. Function Generator S1g. N/A - L8
2. Bistable Partia) Tiip 1T5/4420 13M 3 .05
3. Bistable Partial Trip ITS, %6 13-M 1 2 08
4. Sistable Partia) Trip  I7S/441C 13-L 1 2 .05
5. Bistable Partfal Trip  175/441D 13-L 3 .08
6. Bistable Partial Trip 17S/441H 13| 7 8 .08
7. Bistable Partial Trip 175/4416 13- 5 ¢ .05
8. Analog Input E/E INY/4418 i3-C 1 ) 2.0
9. Contact Output ITY/44) 13-M 5 B .02
10. Analog Output E/1 ITY/454A 13-6 4 5 10
11, Analog Output E/1 ITY/44]1L 13-K 7 10
12. Analog Input 1/f IPY/458Q . 10
13. Analog Outout E/1 ITY/44)K 13-K 10
14, Analog Input 1/E IPY/408 . 20
15 A : og Output E/1 1PY/4088 13-N 10
16. Analeg Input E/E INY/441A 13-C 2.0

and full swing for digita.

c-1

* Measure current across 20 ohm transmitter test resistor.
** 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 inout/output
“tput signal 0 to 1 transition.

See figure B-4,

signals
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RADIO FREQUENCY INTERFERENMCE TEST PROCEDURE
FOR
EAGLE-2]1 PROTECTION
SYSTEM
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1.0 INTRODUCTION

This procedure details the Radio Frequency Interference (RFI) tests
performed on the Eagle-2] protection system.

These tests will consist of exposing the Eagle-2] protection system to a
known electromagnetic field and measuring the effects on system
fnput/output processing. Tests are to be conducted par the intent of
SAMA standard PMC 33.1-1978, Class 1 and 2, bands a,b and c.

The test configu.ation is documented in Attachments A and B.

2.0 PREPARATION FOR TEST

2.1 Locate the Eagle-2] cabinet in the anechoic chamber. Position the
cabiret such that the cabinet is 1 meter from the transmitting
antenna and the center of the microprocessor card cage is 59-1/2
inches from the anechoic chamber floor.

Connect the cabinet bus bar to the test facility ground plane via @
short bonding cable.

2.2 Connect the field cabling to sensor simulation, load - mulation, and
contact output loads per Attachments B and Table 1-1. Input/output
signa) cabling shall be run in exposed vashielded cable trays.

2.3 Obtain system beseline data:

2.3.1 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 2 ulog input/output readings via data logger printout.
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2.3.2 Set signal inputs per table 1-1. Adjust analog input
signals, using the MMl to obtain the expected engineering
unit values specified in tedle 1-1. Using figure B-6 in
Noise Test Procedure JPD-111687-0 as a referen::, adjust the
variable RTD channel per the following procedure:

Open the manual switch input to the variable RTD board.

Adjust the high adjust potentiometer so that channe)
TE-441A3 reads 618.261+/-.375 Deg f on the MMI.

Verify that the TAVG MM] reading equals 589.740 + .2 Deg f.
Verify the following actual bistable output status:

T5/441C = Not Tripped
TS/44)G = Not Trippes
TS/441D « Not Tripped
TS/441H = Not Tripped
TS/4420 = Tripped
TS/442C « Tripped

Obtain a printout of the P-'ta T/TAVG system analog
inputs, analog test points and comparator information M)
screens.

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

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

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

TS/1441C = Tripped
1S/1441G6 = Tripoed
TS/1441D = Tri sped

(=113
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TS/144)H « Tripped
T5/14420 « Not Tripped
TE/1442G = Not Tripped

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

0 Open the marual switch input to the variable RTD board
and record the results. Obtain MMI prin . 't of analeg
input information and record anslog input/output readings
via data logger printout.

2.2.3 Using the | )b.c Control Computer request 2 baseline test
run of at leas. 5 data points. Verify that the trip output
signals swi*zh upon receipt of the control relay switch
signal.

3.0 REI MODULATION TEST PROCEDURE SEQUENCE

The RF] test sequence described below will be followed for each frequency
test run specified in Sections 4.0 through 6.0. See figure 1-1 for a
modulation test block diagram.

3.1 Pretest

Obtain & data logger printout of "normal" analog input/output and
digital output values.

3.2 Disconnect gata logger and verify "antenna“ connections 2nd
configuration for each frecuency run as specified in sections 4.0
through 6.0.

2.3 Initiate a modulation test run via the [ ]b ¢ control computer.
Enter configuration data as prorpted by the control computer.
Configuration data is specified in sections 4.0 through 6.0 for each

c-114
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3.4

3.5

3.6

3.7

test run. Ready the | ]b.c Contro) Computer by entering the
calibration file name for 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
recorder. The frequency test run will automatically execute unti)
completion without operator intervention. Upon completion of the
frequency test vun stop the tape recorder and record the ending tape
footage.

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

If significant abnormal system performance is measured, calibration
file information for the affected frequency should be examined. If
the drive signal for the RF signal generator at the affected
frequencies is significantly higher than the adjacent frequency
signal levels, repeat the affected frequency test at a signa) leve)
consistent with adjacent freguencies.

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 conditior. proceed to
the next test.

4.0 20-160 MHZ FREQUENCY RUN

é.)

4274N: 4

Mount the beconical antenna to the antenna tripoc’coupler assembly.
Ensure that the antenna center-line 1s 59-1/2 inches from the
anechoic chamber floor and 1 meter from the Eagle-2] rabinet.
Connect the | )b.c power amplifier to the antenna coupler
assembly input.
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4.2 Follow the test sequence described in Section 3 for each fregquency
run specified below:

Antenna Calibration

Labinet Posision  Eield Stremgth Polarization  _file
Front 3v/m Vert 1044
Front 3 v/nm Horz 101A
Rear 3 v/m Vert 104A
Rear 3 v/m Horz 1014
Left side 3 v/m Vert 104A
Right side 3 v/m Horz 101A
Front 10 v/m Horz 102A
Front 10 v/m Vert 105A
Rear 10 v/m Horz 102A
Rear 0 v/m Vert 105A
Left side 10 v/m Vert 105A
Right side 10 v/m Horz 102A

5.0 1€2-500 MHZ FREQUENCY RUN

5.1 Mount tie log periodic antenna to the antenna tripod/coupler
assembly. Ensure that the antenna center-line is 59-1/2 inches from
the anechoic chamber tloor and 1 meter from the Eagle-21 cabinet.
Connect the [ ]b.c power amplifier to the antenna coupler
assembly input.

5.2 Follow the test sequence described in Section 3 for each frequency
run specified below:

Antenna Calibration

Cabinet Position  [Eield Stremgth Polarization  __File

Front 3 v/m Vert 204A
Front 3 v/m Horz 201A
Rear 3 v/m Vert 2044
Rear 3 v/m Horz 201A

427¢N:4
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Left side 3 v/m Horz 201A

Right side 3v/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 sice 10 v/m Vert 205A

6.0 160-200 MHZ FREQUENCY RUN

6.1 Mount the 1rj periodic antenna to the antenna tripod/coupler
assembly. Ensure that the antenna center-line is 59-1/2 inches from
the anechoic chamber fioor and 1 meter from the Eagle-2] cabinet.
Connect the [ ]b.c power amplifier to the antenna coupler
assmebly input.

6.2 Fillow the test sequence discribed in Section 3 for each frequency
run specified below:

Antenna Calibration

Labinet Position Eield Strength Bolarization e, 2. b |

Frent 3 v/m Vert 3044
Front 3 v/m Hor2 301A
Rear 3 v/m Vert 3044
Rear 3 v/m Horz 301A
Left side 3 v/m Horz 301A
Right side 3 v/m Vert 304A
Front 10 v/m Horz 302A
Front 10 v/m Vert 305A
Rear 10 v/m Horz 302A
Rear 10 v/m Vert 305A
Left side 10 v/m Horz 302A
Right side 10 v/m Vert 305A
C«117
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7.0 KEYING TESTS

The keying tests will be performed exposing the most susceptable side of
tnc s uipment as determined from the modulation tests. At least three
trequency data points per octave must be chosen.

Frequencies which generated input/output processing anamolies during the
modulation test should be chosen. If no anamolies occurred over a given
octave frequency data points should be evenly spaced. Follow the test
sequence below for each keying frequenzy data point. See figure 1-2 for
2 keying test block diagram.

7.1 Obtain a data lograr printout of "normal" analog input/output and
digital output valves.

7.2 Disconnect the data logger and verify proper "antenna" connections
for the data point chosen.

7.3 Initiate a keying test run via the | ]b.c Control Computer.
Enter configuration data as prompted by the control computer.
Manually enter the frequency and amplitude into the RF signal
generator using appropriate calibration file information. Manually
start the strip chart recorders, the tape rocorder'and trigger the
IBM control computer. The [ ]b.c Control Computer will then
automatically execute the keying test. Repeat the above sequence
for each selected keying test data peoint,

Note: Follow the guidelines as stated for the modulation test in
step 3.5.

C-118
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(See figure 5-17 of WCAP test report)

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

s Q
274N 4 Getis



(See figure 5-18 of WCAP test report)

Figure 1-2 Block Diagram of Radio Frequency
Intar grence Keying Tests
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6.0 ACCEPTANCE CRITERIA

8.1 Description

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

interference and demonstrate recovery upon removal of radio frequency
interference.

4274N: 4
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RADIO FREQUENCY INTERFERENCE TEST DATA

TARGET: (CABINET POSITION)

CALIBRATION FILE:

FIELD STRENGTH LEVEL: ;V/m&

TYPE OF ANTENNA; éhOG ERIODIC OR BICONICAL)
ANTENNA POLARIZATION: (HORIZONTAL OR VERTICAL)

DATE:
TEST PERFORMED BY:

REVIEWED BY:

TAPE NAME:
TAPE SET:

TAPE RECORDER START AT: (FOOT)
FREQUENCY: (MHZ2)

DATE
TIME
EVENT DIG/INPUT
} 00 0011 (EXPECTED TRIP OUTPUT PATTERN)
2 11 1100
3 00 0011
REMARKS :
FREQUENCY: (MH2)
(DATE)
(TIME)
EVENT DIG/INPUT
| 00 0011
2 11 1100
3 00 0011
REMARKS :
FREQUENCY:  (MHZ)
(DATE)
(TIME)

ERROR IN THE CHANGING CONDITION OF BISTABLE STATUS (TRIP OUTPUT ERROR MESSAGE)
EVENT DIG/INPUT

1 00 0011
} 11 1101
00 0011

REMARKS :
ENDING TAPE RECORDER FOOTAGE FOR THIS SET OF DATA: (FOOT)
Figure 1-3. RF] Modulation Test Data Sheet

Ce123
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(DATE)
(TIME)

(EXPECTED TRIP
OUTPUT PATTERNS)
REMARKS :

(DATE)
(TIME)

REMARKS :

(DATE)
(TIME)

REMARKS :

ENDING TAPE RECORDER FOOTAGE FOR THIS SET OF DATA:

4274N: 4

RADIO FREQUENCY IKTERFERENCE TEST DATA

TARGET: (CABINET POSITION)
FIELD STREMGTH LEVEL: (Y/M)
TYPE OF ANTENNA:
ANTENNA POLARIZATION:

DATE:
TEST PERFORMED BY:

(LOG PERIODIC OR BICONICAL)
(HORIZOWTAL OR VERTICAL)

REVIEWED BY:

TAPE MAME:
TAPE SET:

TAPE RECORDER START AT:
FREQUENCY:

(FOOT)
‘MHZ)

(FIRST KEY CYCLE)
LIG [K-OFF) INPUT
00 0011
11 1100

FREQUENCY: (MHZ)

DIG [K-OFF] INPUT
00 0011
11 1100

FREQUENCY: (MHZ)

DIG [K-OFF] INPUT
00 00]1
11 1100

Figure 1-4.

(FOOT)
RFI Keying Test Data Sheet

(SECOND KEY CYCLE)
DIG [K-ON) INPUT
00 0011
11 1100

DIG [K-ON) INPUT
00 0011
1. 1100

DIG [K-ON; INPUT
00 0011
11 1100




ATTACHMENT A
FIELD CONNECTIONS AND STMULATION

This attachment contains the following figures:

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, Qualification Unit 2, 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.

Drawing Description

Terminal Block Wiring Diagram, . PW-13, rev. 3t
Protection Set 4

Process Control Block Diagram, 1080408
% /
Delta 1 TAVG System

Process Control Block Diagram, 1080408
W.R. $.G. Leve)

Process Control Block Diagram, 1080408
Pressurizer Liquid/Vapor Temp.

rrocess Control Block Diagram, 108D408
RHR Pump Discharge Temp

Q274N: 4




Process Control Block Diagram,
RCS Wide Range Pressure

108D408 sh, 43, rev. )

Eagle-2] Schematic Diagrams, 1856E69 sh, 2, rev. 2
Rack 13 Protection Set 4

-]
4274N: 4 Leliee



4274N:¢



ATTACHMENT B
TRANSIENT DATA RECORDING SYSTEM CONNECTIONS

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

0 Table B-3 Strip Chart Recorded Data

C-129
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TABLE B-1

**Monitor function generator output signal.

€-130

See figure B-3.

TAPE RECORDED DATA
Recorded Tag Terminal Buffer

Signal ¥ Block Connection Amp'ifier
Sh Gain
1 Bistable Partial Trip 175/4420 13M 3 4 .05
P Bistable Partial Trip 175/4426 13-M 1 2 .05
3. Bistable Partial Trip 17S5/441C 13-L 1 2 .05
4. Bistable Partial Trip 17S/4410 13-L 3 4 .05
5. Bistable Partial Trip 17S/441H 13-L 7 g .05
6. Bistable Partial Trip 1T7S/441G 13-L 5 6 .08
- Contact Output 1TY/44] 13-M 5 6 .02
8. Analog Output E/I 1TY/454A 13-6 4 5 10
9. Analog Output E/1 1TY/44]L 13-K 7 10
10. Analog Input 1/E 1PY/458Q » 10
il. Analog Output E/! 1TY/ 441K 13-K 10
12. Analog Input 1/E 1PY/408 * 20
13. Analog Output E/] 1PY/4088 13-N 10
14, Function Generator Sig. N/A e .05
*Measure current across 20 ohm transmitter test resistor. See figure C-4.



TABLE B-2
DATA LOGGER RECORDED DATA

Channe
8

Recorded

Signal

Tag Terminal
# Block

Terminal
Connection
Hi Lo Sh

Analog Input E/E INY/4418B
Analog Input E/E INY/441A
Contact Output 1TY/44]

Contact Output ITY/441A

Analog ..

Analog

Analog
Analog
Analog
Analog
Analog
Analog
Analog

Analog

put
Output
Qutput
Output
Output
Qutput
Input
Input
Input
Input

1TY/441L
1TY/454A
ITY/461K
ILY/5028
1PY/4088
ILY/5038B
1PY/458(Q
ILY/502

ILY/503

1PY/408

-
O & 0 O — 0 O w N

—
o

“Measure current across

G2T4N: 4

20 ohm transmitier test resistor.

See figure B-4.




TABLE B-3

Channel  Recorded Tag Terminal Terminal Bufferwss
' Signal v Block Connection Amplifier
Hi Lo Sh Gain

: Function Generatur Sig. N/A * .05
2. Bistable Partial Trip ITS/4420  13M P .05
3. Bistable Partial Trip 17S/4426 13-M 1 e (8
4. Bistable Partial Trip JT7S/44iC 13-L 1 2 .05
5. Bistable Partial Trip 17S/441D 13-1. 3 4 .05
6. Bistable Partial Trip 1TS/441H 13-L 7 8 L5
: Bistablc Partial Trip 175/4416 13-L 5 € 03
8. Analog Input E/E INY/4418 13- 1 2 3 2.0
8a. Keying Signal N/A wr .05
8. Contact Qutput 1TY/44) 13-M 3 6 .02
10. Analog Output E/I ITY/454A 13-G 3 5 6 10
11. Analog Output E/1 1TY/441L 13-K 7 01 10
12. Analog Input I/E IPY/458Q . 10
13. Analog Outpit £/1 ITY/441K 13-K 1 B 5 10
14, Analog Input 1/E IPY/408 o 20
15. fAnalog Output E/I 1PY/4088 13-N 7 8 9 10
16. Analog Input E/E INY/441A 13-C i 5 6 2.0

*  Measure current acros: 20 ohm transmitter test resistor. See figure B-4.
**  Monitor function generator output signal. See figure B-3.
w*+  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.
w#** Monitor analng input INY/441B for modulation tests. Monitor contro?
signal to keying relay for ieying tests.

C-132
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APPENDIX D
TEST EQUIPMENT LIST

bes the test equipment.




TABLE D-1
TEST EQUIPMENT LIST

0747¢ 1b-080588




TABLE D-1
TEST EQUIPMENT LIST

0747¢ 10-050588

D-3 Rev. D

o
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TABLE D-1
TEST EQUIPMENT LIST

0747¢ 1p-050588

Rev.

—

tr
o



TABLE D-]
TEST EQUIPMENT LIST

0747¢ 16-05058¢8 D-5 Rev. D



