
,

|

1

l
1

)

ATTACHMENT B

EAGLE-21 VERIFICATION AND VALIDATION

TEST REPORT

WCAP-12889

;

|

|

|

r
i

1
.

7NI D-1386/5
->2122700+; o f 121 ~-
PDR GDOCr 030 001. ~ ..P PDR



.

.

w

WCAP-12889
Revision 0

ZION UNIT 1

EAGLE 21
'.

PROCESS PROTECTION SYSTEM

REPLACEMENT HARDWARE

VERIFICATION AND VALIDATION

REPORT

D. G. Theriault

February 1991

<b b vApproved cy: N _-
-

Approved by:
D. G. Theriault A. Sahasrabudhe,
Product Reliability Manager, Product
Engineering Reliability Engineering

i

Westinghouse Electric Corporation
Process Control Division

200 Beta Drive
Pittsburgh, Pennsylvania 15238

Copyright 1991

WESTINGHOUSE PROPRIETARY CLASS 3



i

WESTINGHOUSE PROPRIETARY CLASS 3-

WCAP-12889 Rsvicion 0

ABSTRACT

This report documents the implementation of the Eagle 21,
Replacement Hardware Design, Verification and Validation Plan
(DS 408A47, R3), as applied to Commonwealth Edison Company's
Ziel. Station

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

Commonwealth Edison Company has purchased and will install a
microprocessor based system to replace 16 racks of the analog process
protection system at Zion Unit 1.
The Microprocessor based equipment is the Eagle 21 Process Protection
System Replacement Hardware. This equipment performs the following
major functions:

1. Reactor Trip Protection (Channel Trip to Voting Logic)

2. Engineered Safeguard Features (ESP) Actuations.

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

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

5. Automatic Surveillance Testing to verify channel performance.

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

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

12, 1989. A brief discussion of the V&V program is provided in
section 3.0 of this report.

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

The software verification for the Zion Unit 1 Eagle 21 System was
completed in February 1991 with the total number of software units
involved being 1169. For these units, a total of 408 verification
problem reports were generated. All verification problem reports
generated have been resolved. All changes to the software
documentation have been reviewed and/or tested to demonstrate
successful resolution of the problems found.

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

1-1



WESTINGHOUSE PROPRIETARY CLASS 3
WCAP-12889 Rcviolon 0

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

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

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

|
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2.0 EAGLE 21 SYSTEM FUNCTION OVERVIEW

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

The Westinghouse Eagle 21 microprocessor-based process protection
system is a functional replacement for existing analog process
protection equipment used to monitor process parameters at nuclear
generating stations and initiate actuation of the reactor trip and
engineering safeguards systems. Features of the Eagle 21 equipment
include the following:

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

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

C. Self diagn'ostics to reduce tPs time required for
troubleshooting.

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

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

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

1. Loop Processor Subsystem

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

2. Tester Subsystem

The Tester Subsystem serves as the focal coint of the human inter-
action with the prntection rack. When used c1 conjunction with
the Man-Machine-Interface (MMI) test cart, th Tester Subsystem
provides a user-friendly interface that permite test personnel to
configure (adjust setpoints and tuning constant s) , test, and
maintain the system.

|

|
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3. Input / output (I/0) Subsystem

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

In an Eagle 21 Process Protection Instrument Channel, field sencors
are connected to cabinet mounted terminal blocks. The process
electronics power the sensors and perform signal conditioning,
calculhtion, and isolation operations on the input signals. However,
each element of the process is not an individual electronic module or

,

printed circuit board assembly. A multiple channel Analog Input
module is used to power the field sensor (s) and perform signal
conditioning. All calculations for the process channel functions are
performed by a centralized Loop Calculation Processor (LCP) . Typical
functions performed by the Loop calculation Processor are as follows:
summation, lead / lag, :[ultiplication, comparator, averaging, and square
root conversion. Trip logic is provided through multiple channel
Partial Trip output modules. Multiple channel isolated analog outputs
are provided by Analog Output modules. In addition, all Eagle 21
process protection channels are configured to perform autamatic
surveillance testing via a centralized Test Sequence Processor (TSP) .

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

A. Average Temperature and Delta Temperature

B. Pressurizer Pressure and Water Level

C. Reactor Coolant System Flow

D. Containment Pressure

E. Steam Generator Water Level

F. Steamline Pressure and Differential Pressure

G. Loop Stop Valve Interlocks

H. Reactor Coolant Wide Range Temperatures

I. RCS Wide Range Pressure

J. Turbine Impulse Chamber Pressurej

K. Steam Flow

L. Feedwater Flow
|

|

|
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The Eagle 21 equipment has been designed to fit into existing process
i mks and to interf ace with other plant systems in a manner identical

the existing analog equipment. This design maintains the oxiuting>

ticid terminals to avoid new cable pulls or splices within the rack.
The components for each rack are built into nubassemblics which are
easily installed into the existing racks. All internal rack cabling
is prefabricated. The subassemblieu are touted in a f actory meck-up
to verify proper fit and operation. Detailed installation procedutec
and drawings are provided with each aystem.

2-3
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3.0 VERIFICATION AND VALIDATION PROCESS pilILOSopilY

3.1 Verification Philosophy

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

Figure 3-1 illustrates the integration of the system verification and
validation with the system design process. The verification process
was divided into two distinct phases verification of design
documentation and verification of software, rigure 3-1 illustrates
where an independent review of design documentation was performed.
After complated software was turned over to the verifier by the design
team, an independent review and/or test of each software unit was
performed to verify the software unit met the applicable Software
Donign Specification. As part of the software unit review, the unit
was linked with other interfacing software units where appropriate.
Structural testing was performed on the software units. This
Structural testing exercisca the software program code and its
component logic structures. This process required the verifier to
inspect the code against its associated documentation and understand
how it functions before selecting the test inputs and predicting the
test outputs consistent with code documentation. The test inputs were

chosen to exercice all executabli lines of code within the software
entity.

3.2 Validation Philosophy

Whereas tho system verification procesa was performed to verify the
software entities, the system validation process was performed to
demonstrate the system functionality. The system validation testing
results demonstrated that the system design completely satisfied the
system functional requirements. llence, any inconsistencies that may
have occurred during the system development in this area that dere not
discovered during the software verification activitins were identified
through the vslidation process. Validation compliments the
verification process by ensuring that the system meets its functional
requirements by conducting testing from a total systems perspective.

3-1
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| The major phases of the validation process included the following:

A. Functional Requirements / Abnormal-Mode Testing Phase

B. Prudency Review and/or Tecting of the Design and Implementation 1

| Phase.

The functional requirements / abnormal-mode testing process treated the
system as a black box, while prudency review and/or testing required
that the internal structure of the integrated software / hardware system .

be understood and analyzed in detail. This dual approach to the
validation process provided a level of thoroughness and testing
accuracy which ensured the functionality of the system commensurate'

'

with that described in the system requirementa.

,

The validation Plan defines the metnodology utilized to perform a
series of reviews and tests which compliment the verification process.
Four independent types of_ reviews and/or tests were conducted to '

ensure overall system integrity:

,

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

a) CWE-300/3, Revision 2, " Functional Requirements for Thermal
ovnrpower and overtemperature Protection".'

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

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

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

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

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

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

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

c) Zion Supplemental Functional Requirements, Revision O.

3-2
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/
2. Abnormal-mode testing -- ensured that the design operated

properly under abnormal-mode conditions.

3. System Prudency Review / Testing -- ensured that good design 1

'practice was utilized in the design and inplementation of
critical design areas of the system. These tests required that
the internals of the system design ano implementation be analyzed
in detail.

|

t
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4.0 SUMMARY OF VERIFICATION ACTIVITIES

The verification process was performed in accordance with the Eaglo 21
Replacement Hardware Design, Verification and Validation Plan. All-

Eagle 21 system software was verified using Lovel 1 (safety related)
type of testing and review. The overall scope of the verification
effort on the Eagle 21 System consisted of 1169 units of softwaro
whose configuration is documented on Figure 4-2.

Related software units were grouped togethnr into softwaro modules.
Each software module consisted of a single source code file. When any
anomaly was discovered during the source code review or during test-

'

ing, a verification problem report was issued from the verification
team to the design team for resolution. These problem reports con-
sisted of three types, depending upon the scope of the discovered
anomaly; 1) unit level problem reports, 2) module level problem
reports, and 3) generic problem reports. The unit level problem
reports addressed anomalies specific to a single unit of codo. Tho

,

modulo level problem repor*.s addressed anomalios covering entire
modulos (typically due to formatting standards concerns). Generic
problem reports covered issues which spanned multiple modules (again
typically due to formatting standards concerns). A total of 408
problem reports were generated consisting of 179 unit level problem
reports, 164 module lovel problem reports, and 65 generic problem re-
ports. All verification problem reports were satisfactorily resolved.

The verification problem reports were assigned error codes as the

reports were generated. Working from a list of 11 poscible error

codes, error types were assigned to problem reports. A problem report

may contain more than one error type.

A significant portion of the total unit problem . reports, 91.6%, was

made up of 6 error typest

A. Design Requirements Implemented Incorrectly (Type B) 23.5%

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

C. Logic Anomaly (Type E) 20.1%

D. Data Handling Anomaly (Type G) 10.6%

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

F. Coding Standards Anomaly (Type L) 9.5%

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

A categorized breakdown of all software verification problem reports
is provided in Figure 4-1.

4-1
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; Z O N Eac e-2~ So : ware Veri"ica: ion
"o':a o" 408 3roa em leJor:s |

|

Type L (3.2%) r-Unit Other (4.7%)
Typo J (11.0%) . , , , , .

g. eGeneric (15.9%)
Typo G (3.9%) ,

Type E (7.1%) .:

!f~} y M 3[
Type C (3.7%)-

Ih.-110
'

Type B (10.3%)

I ' Module (40.2%)

Note: Problem Reports with multip!e Types are
Usted under the first letter designation

Figure 4-1

i

{

,
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SOFTWARE CONFIGURATION
(Continued on Ncxt Page) i

s
.

Firmware Rev Description Software ,

Drawing Vers. - Rev |

:

8250C58G01 4 Zion Unit 1 Rack Vol - 02
1 LCP Firmware
Configuration

8250C58G02 4 Zion Unit 1 Rack VO?. - 02 :

2 LCP Firmware
Configuration

8250C58G03 4 Zion Unit 1 Rack V01 - 02 ?

3 -LCP Firmware
Configuration ;

- 825LJ58G04 4 Zion Unit 1 Rack Vol - 03 :

8 LCP Firmware
Configuration

:_

8250C58G05 4 Zion Unit 1 Rack V01 - 02
9 LCP Firmware4

Configuration

8250C58G06 4 Zion Unit 1 Rack. V01 - 02
10 LCP Firmware
Configuration

8250C58G07 4 Zion Unit 1 Rack V01 " 02
11 LCP Firmware
Config> ration

9250C58G08 4 Zion Unit i Rack V01 - 02
12 LCP h raware
Configuration

8250C5BG09 :4 Zion Unit 1 Rack V01 - 02
.

15 LCP Firmware
Configuration

8250C58G10 4 Zion Unit 1 Rack .V01 02
16 LCP Firmware
Configuration

8250C08G02 8 E21 STD TSP V02 - 13
Firmware
configuration

.-

|
Figure 4-2 ;

4-3

_ . - . _ - _ . _ ._ _ . _ _ _ _ _ . _ _ _ _ _ _ . . . . . . . . , _ . . . _ . . , _ _ _ _ _ . _ - . _ . _ _ - . , _ . . . . . ~ _ _ . . , _ . _ _ _ . _



.. . . - - ,

WESTINGHOUSE PROPRIETARY CLASS 3.

WCAP-12889 R;vioicn 0

1

8OFTWARE CONFIGURATION
(Continued from previous Page)

8250C07G01 2 E21 STD DFP Vol - 01
Firmware
Configuration

8250C06G01 2 E21 STD DUI V01 - 00
Firmware
Configuration

8250C05G02 5 E21 STD MMI V02 - 08
Firmware
Configurtation

8250C20 3 E21 STD V01-03 (G01)
Microcontrollor V01-02 (G02)

,

Firmware Config.
- --

o

Figure 4-2
1

4-4

. - ..



m . _ _ ._ _ _ _ _ _ _ __ _ _ _ _ _ . _ . _ _ _ _ _ ._ _ _ _ __ __._ _ ___ _ _

WESTINGHOUSE PROPRIETARY CLASS 3
'

WCAP-12889 Roviolon 0

,

5.0 SUmtARY OF VALIDATION ACTIVITIES

The validation process was perforned in accordance with the Eagle 21
Replacement Hardwaro Design, Verification and Validation Plan, by a 6

team of individuals independent from the design team. The overall
scope of the validation effort on the Eagle 21 System consisted of
perferning 18 comprohonsive tests and 130 hardware / software / FAT re-
views.

When any validation test result failed the applicable acceptanco
criteria, a problem report was issued from the validation team to the
design group for resolution. A total of 8 validation problem reports
wore generated. All validation problem reports were satisfactorily
resolved. It should be noted that all problem reports were in areas s

specific to validation. Nono of the errors precipitating a validation
problem report were of a type that should have been found during the
verification process. The number of problem reports generated by

'

the validation phase were

Functional Requirements / Abnormal 5

Prudency Phase 3

The specific problem reports aret

TRI.001-VAL TRI.002-VAL
TRI.003-VAL TRI.004-VAL
TRI.006-VAL TRI.008-VAL
TRI.009-VAL TRI.010-VAL

Th6 validation and design teams identified four avenues for resolving
the problem reports: Software changes, Functional Requirements
changes, requirements documentation revision and validation test
procedure changes. The number of validation problem reports resolved .

by each avenue are shown in FiguJe 5-1.

i

i

5-1
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:

; Zion Eac e-21 Validation
: To':a o"5 3roalem 9eoor:s
;

I

i

!

| Functional Req's Change (12.5%)
I

|

|

.~.

Software & Design Doc. Change (12.5%)
,

Design Doc Change (50.0%)

!
1

!

No Problem (25.0%)

|

|

!

Analyzed By Resolution j

; .

|

|
Figure 5-1'

|

|
\

;

i

,

5-2

!
. - . - - - . - - - . . - _ . - . . . - . . - . - . . - - - - . - - - ~ . . _ _ . . . _ .- - _ _ _ _



_ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ - _ _ _ _ _ _ _ . .

!

ATTACINENT C

EAGLE-21

NOISE, FAULT, SURGE, AND RADK) INTERFERENCE

TEST REPORTS

WCAP-11733

AND

WCAP-11896
_ _ _ ~...

I

s

A

4

ZNLD-1386/6 [
. . . .. .

. .



I' h
'

. . . '.. . ,c , , , .
.. ;'

. .,
.

I.-

J:f; .. .;.JQ .%;j .Q }}4'$ .,&:)[; . %)[ g :*h [f:..3 3 p f
,s,.
. 1|,I4 ]. . . a

, , L ~
, ;' L . 0. ,;.0 . $ . , ' . ' . . ' * AsV. :

' p
P. , ; :s. . . . . . .. :

,

k ., , ' , ' ,'
,

g ' i ; l',.'.a g'".p*I
C - L .;, p y.

'

, ?;

k .
3~ ) ;, .1

. ,, j
' . :

,

k :k y.[[M[.{gE[4'[i:pp.@,,(p$
'. ( 'f

, , 4 $ /p.'S ,

W.k..y j g% i i d . ; i

4 '': p .-4..7 ,

~ .. )
,

' '

j.
' ' '

. -c , .

' iw ,' ', I. .

., h' N k ' , .' t .
,,

if- f g'h,;1 ' '"-

, i
'i, . . , -

_- . y [ .. ' * f _ y ' ' ( . j . ' Tfh* h|.f. ;{f
' _$

*

' ' '

. . . , .. .

- .4
,. - [ z; . : . ' '

'
'

' ' .ap: q.g n.,.
; T , a ., . y $ , ;7,- -. . , . . .-

* ' .: : };ff.;{ *( (. | ;.,.;, qj ~ g :=...:{:.,;, Q \,;.
-

,,

\
_

,

j,_, w g g y, . r 4.w. .:s .. ,g' . ;)|; % h,. , . s , ., ,. . ', ( f. _ 3
3 ,. .g.... 3;. ..,

y *c

. ,k' , Tf % :h :L q Q;' V V;'-

. ' . '" . j ' 4 ,. . . * *
. . . .

: :, - * !.
*

:..h . ;* e7 '. ', s. , , . ....,

, . UtQ_ n6 .. ^% m;.; f ' ,% f 9 '.'|. | . . ..
<

'

4 ;*.*
'. , - . _ _

:

.
..

,{
.

1,is. . 'y ; ;. r ,d ,,y .- i,'',c.,.
t . L :. ':. - 3 *;. ; .s ; ,' '.. ' ,,

_
._;

,.,...'.%,, . . 4. %. .
,

' . pt -e s.. .e ;, ,; v .f .. ; a, g ... c .
. . .

. :
s -

, , - |.

n- s .y ,> ..

- 7. ; , i { '. p}. . . , c: 4 y. W M M h ./* j W @:M. 4 .. esDAW. 2sG{ fy

,,

.

;. .

, ,. . .: ' 4.
-

..;. ., . .
,..

.y * . . .

'. ' r. 1, j|_ . . , . . ,g . . s .:.'
. . %'.,',.. .

*
,

f ,'.) . .. W - :N
. . , - , - C . ,| y

.

' )

. ' ;
-.

'
,, _ , , - .

. -|e j . ..n Q $. ..i,'.',s. . , _ ::t s

' . . -. , j .* .

, , . ' . -- . . . .: .c ., ,, . ..
.s -

-:.t .+ .,n, - 1 ., . :";;.: ;: - '

v.p'. e ] i ', % < .*
- s *

- .
. , , . , .- <

.. ,.r*
.

.

..i,..,.,''~g ' k, '.' *d $. /. .t.h: C ., , . '-
. ..**a

* '

'_ g...
_ _

V,, ; g y' . 'j ;); ; .p '___,, s - '
. .,; ) .

. . .-

...r, . :, |
* " ''

., . *

,e * . ,, : v:N.L* | . q t ; ;; .1.. . 4,6 f '_ y } - ';,. ,. . .
. 4 9 i *gh,

-

i. :, *.. * ; ,,
, . , g. ;. :. e4 ..

.e . . .. . {t . . . ;. k,. y y m 1<.
.

' -. .: '

. , .

E a.
-.-

. , . 3 ' .y ,, ,i , ,* . ye
=

*-
..

[}[ij ,'o uey . . W . ' ., ' . . . .* .
g ,L , '- *.:j ..

' .

' . ('{ :" . ' .
.

{
*,.. ,

. a

.

V,'- )'*.
- f. ' ' n..

.
-

c. - - d ': - . d p?. e . . ; ' s. " .n
'

'.
. , ,,

,

_% .... . p -.

i. ,N, . . ' , ,g'.' ' . ,,. . .
.

p,',fg} Q* f, ' ; } .;ep ,':,n :+.dh. [,' ' ,

'

::

''[h fe,y'3,,,g , Qr,y| J/j$
r ' ('y.

,.,

~. - :jg.)$8 J : ,y {."? ' - , f,|,f, } .',f f.,
,

(??. , .i > 9 ,*:f , || .
-

.. y' 9 4;;, :e :: ,. .
y a t{ ;? r :'.',*,.. _

i
,

,
- p.<- .. ,/ . .,. , .

-) . ' '' ' ^9 : :A- . -> 6 _ g ' ; f,, '',,''?.y ', ., & .R n, z. y;f.,q p,g |. . .ia{ '_-| '.y :. ".: . .? ).;
,

.

,
.

. ,

. :j? ". a .:.~.'''.. .
,

'

: ".
,s..,;' _,.n 4 . .y ,-, .4' j - .. , , [g.. ' ' . "

-

;
,

e . ;p * . .:.4p- .

-, ;) . ^
.' ''...,;.,. . , . . i p : +, ;_ . , . ; . '. .g,,% y.1, . . H%g.'

' ' .

,J ? -

. . , . .,

, ' , , .. '';..., s '

* . y, -
,'

):: ; . ,,. , , 0 - ; . 9, f.3. p .. -. _ .; .
-. ,

, # .. a.
_ .

* .
.c . ,g ,- .d..

> . , , - ., ,, , ,g ;* . . - $ , ,

. .'
.

.

9 ' ' '

f,
'.. ' v ( '. *;. . - - . i, .,# -

,
.. > ,

,. - , , - . . ;; , y ,t 4. , ,,,.j .. a.- 2 '

4 s .- '
,

- -, . .~: - : c > v : - y., .,

'

' -
4I ' .

, . . . . ^: . . .
fd . ; *

/
'. ,, , . .,, , . .

- A . . , ,. - , , . . \
~ ,. . ... . .'s. -

.. ' ..*. ..

. . , ' .' <s.
. . .c. . :. .. , .- . c, . s.

.
'' ':. : ..

.- . .9 . 'y ' ,. se , . :. ...
._-

.. . . ' ..
.d. g . . $.

. . ,.;.a.
g 7 ,. - ,

. . .r . . , .7.g c, . v, . . .. ,f
- .. .

.
.-

,e g y,p. - ,
j

, ' _ , . . - . . , ., .

.

,
, 3_

. . ,- ' ',',, 'y

Lk p g''k ,., g ,,(.,
, ,

, , ,

.
,- '

,. * ' * * - " , '

y.5, ..' '

'': . . ,;, , . ,,

s ,' h. : *;1. * , f

'' ' '' - - -
''' ' ' , -

}

'

. ,. -

, ,

+ c,
-

, ; ' . . -
... , . , . s-

'' . ,, . _ , s
. , ;,

' ' ~ . .
, .. ..:.- _ .- . .

, . p - ,;
-

.d 1 'gi ,4 !
'

a,. p % .. -.'I.'. .

.
f

,
- . (l , . ' ,f. 8 ' . ' . . : *'.- ,);.'..,"'r' ', .

'% .3 *., e, .
- - . ' - **$ . ,.

- _ ,) . '. . I * (,y. :.:U.
'

. . . * , -
,,',:, , .

., . 7
'e .. * , , . ,,

,'hi.,.. 9 . ' . . .e * ' 8 _ ..
'- b#

. -'
, . . , . ,, ,

. - .(i,, ,,

'*, .:.. .

s . y .e -
,..

.. . ' ,.
. , ,

, * ', I ' ,, . - ',.'%..
;. , ]i, .

. ' . ' . * ,
. . y . _ '.,'f, .* ' . , ' , ..

,'y
' ' '

. . i
\'

' ' *

,.. ,. , . . ' , f..,'''
.. ,, - .i .

,

* * - #'..,4. ' g ;( i
- ' L '|;

. .

,

. . ~ ' '. ';., :' * -
,- ~ , ,

. .

,. -
- .' ' ' '.

. , , , .' e ,

' ' . ' I. , '. |:,s' , 7 * ' . |; || . - ;.: } ., - |., .
.' '

"
^

'7 ;.*-' -L

, , ^ $.# .f - . h.. ;.' . * 'f .[
'

[ . ( .. _ . ,-
n

_

_

.
.~

.,

5

'; . :
'

J [ ,[g
.,

,g , p, p *, .y. " ,4 y
' .' ,a-Yt ,' $ *

- '
' '

. -
, * * .., . , . |<5 _,y , .- ' ey * g . . ...

* .

..;
|-

. . . . .
'.',.g . -

. , , . . . , . . . , . , <; . .. g-
_y . y ,

,, ;
~ ps

. , ,

- .
,

.A . .-, +7- e.,. . ._

*-|.','y_|,,'.', *

,'.3
.

' .
.s .

g',,
. - .- '' )P ..

'*:.u ......,\5', 't.
,

* ''' ' ; -| ', * -' ' '' - - ' -, ' , ,0**

.g', __ , .

. , , +
* * *

.-
.

' . , , ., 4.... ?,4_.
..e,,

* ' _ , ' -* . 'g;

' '.* .'
,

. . - t *

Q ,b*,
,. . .y :'', . .* , _ , 1, ,' p / ' , ., .- ,,' ' ; . . * . "$$ *

,,, . . .
:..i,.f*,''

*:.

' J 's
4.- p'

- .

,
''

.

. * - .- '
.. ; ;; > - . n ,: . . . - .,,..,_3 g ..L ., . .. . .;

'

.. ,

= a x . = . n . w'[L,;:. &. +. ~,:(s:'p*.:.. A: :| w._.1. .
- ~. . ~ .

, ,
. W~,

- e -

;*, , . [, .
. c m:. ... ..w:

. 4 .Q ,..._.a:i:> f j L |; .;, y ,v,;.'.'|._

Q, . ':.'(, [Q.% qjj~J.A, b&[n e..c.,'
., . ... \

'

: ;, . ; . 7 - n
4 :

. - . :
..

, 2:. n: :.'. a a + .-
- . r. .:

.

. . *
.6, . w . .. .:I,[ ' , I '[- [ ', . . ' . '

-
- w. . ..

a., x..
. ' ^7 , . ' 'E ' '';' $ h / 4'g . a ' h'. t. h (.c.

; . . . . .x.. v:. ., ~> -

.

~

h8 [. fli.4 f
' '

' - h pe . . .

J .Q ;';.f',M i',,,j,_.&m, A'c ' . * [[ ,'$
g $ .54 *m

',.S* -

Q % @ W,nyM 6.n; pifp,.q'p Q. M(3;/:;e...: y M , ,y ; ~ 7
-

.

' }, E, f.':;'.;
~.

j .

/f .jQi': :), j $. e;:. :-

, h. .. , r .<..,g,xW W W. ,. s .
n . . ,a. .

,

. . : .
.

. <
.

. . .

-



_ _ _ - - - . _ _ ____

WESilNGHOUSE CLASS 3

WCAP-11896.

.

NOISE, FAULT, SURGE. ANO
RADIO FREQUENCY INTERFERENCE

TEST REPORT

FOR

Westinghouse Eagle-21~ Process Protection
Upgrace System

Prepared by: $ . D vb ' lDi ?$
,

# . Doyle,, Process Go tro Application

.
Reviewad by: b-/ CV FN

G. M. Madden, Process Control Application

[61[I [h7dhP

f
C. A. Vitalbo, Process Control Application

|$& f-?-??o

L. E. Erin, Instrumentation and control
Systems Licensing

L #3!? /rs' Approved by: 2 Mx;bf/ (/Approved by: ..

D. P. Adoniaitis, Manager // J. A. Waclo, Manager
% cess Control Instrumentation and Control

Application Application Engineering

July 1988

.

..

~

WESTINGHOUSE POWER SYSTEMS
Pittsburgh, Pennsylvania 15230*

%

T# ' " '

ol11ralb-071o88

. - . . _ _ _ _ _ _ - _ _ _ a



.. _ _ _ _ _ . _ _ . _ -- . _ _ _ _ _ . _ . _ - -- ____..

1

ABSTRACT
.

.

I The folleming test report documents the Eagle 21* protee' ion syr, tem adverse
i' electrical noise test program. The primary cbjective of this test program was

to demonstrate that the Eagle 21* System remained operational belore,
during, an:i af ter the applied noise cenditions. Other cbjectives were to
demonstrate the physical independence of class non-1E and class-1E circuitry ;

within the Eagle 21* system. |
'

!

The Eagle 21* system met all performance ree;uirements seecified by the ;,

ac:eptance criteria. The adverse ncise conditiens acclied to the Eagle I b :
'

system are cesigred to exceed worst case noise envir:nment cercitiens.
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I

', SECTION 1

INTRODUCTION
.

.

This report d::uments the ' adverse noise" test results of the Eagle 21*
Process Prctection System.

The Eagle 21* is a microprocessor-based functional replacement for the
analog process protection equipment criginally installed in a nuclear po-er
generating plant.

The testing of the Eagle 21* e:viement was perforced to dem:nstrate syste?
0;e-atility ref:re, during, and af ter the "aoserse noise * cenditions were
a:;ite:. These adverse n: 1se conditi:ns are separated into four catageries:

o hoise Interferen:e
: Fault 1s:latirn

,

: Surge Withstr.1d Ca: ability (SWC)

: Radio Fre;uen:y Interferen:e (RFI)
.

A destfi; tion of the tests, a:ceptan:e criteria, and test results of the-

Eagle 21* in these adverse noise environments are contained in this re::rt.
.

The Racio Fre:uen:y Interference tests were perf ormed in an ane:hoic chamber

[ );, with the balante of the tests
perforced at the Westinghouse Instrumentatien Te:hnology Training Center
(ITTC) located in Monroeville, Pennsylvania. These tests were performed
during a three m: nth period from De: ember 1987 through February 1988.

.

4

e

6
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SECTION 2

EAGLE 21* SYSTEM DESCRIPTION-

-
.

.

2.1 INTR 000CTION.

The Westinghouse Eagle 21* Process Protection Upgrade System is a cualified,
microprocessor-based functional replacement for the analog process protection
ecuipment originally installed in a nuclaar poaer generating plant. the

medular desigt, of the Eagle 21' hardware permits insta11atien in existing
peccess protection system cabinets af ter the analog electronics and internal
cabinet airing are removed. There is minimum cisruption of external airing
because catinet fiele terminal biceks and field cables are nestly
undisturted. All system inputs a9d Outputs are preserved, and all esisting
field interfaces are maintained. Figure 2-1 depicts one Eagle 21v cacinet.

~~1
-

.

.

O

L

- a.c-
,

2.1.1 Reclacerent of Existina Frecess Instrumentation

-

l
'

! .

l
- - a,e

f
1

i'

|
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figure 2 1 Eagle 21* Process Protection Upgrace System Cte net -
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Figure 2-2 Eagle 2 h Cabinet Installation-
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2.1. 2 Plant Applicatienj

The Eagle 21* Process Protection Upgrade System is utilized in nuclear po er
generating stations to monitor Nuclear Steam Supply System (NSSS) parameters

,

and tc display indications of these parameters to the operating persennel.
,

These indi:ations meet the post accident monitoring (PAM) requirements of
Regulatory Guide 1.97. " Instrumentation for Light Water-Cooled Nuclear Poaer
Plants to Assess Plant and Environs Conditions During and Folle- is an
Accident." Figure 2 3 depicts the typical interconnections betaven the
process prctection equipment and other plant systems. [ ;,

_

a,:
_

-

.

.

1

..; a,e-

Figure 2-3 Typical ILC System Configuration-

The NSSS parameters monitorea by the Ea:1e 215 Process Protection Upgrace
System con'ist of temperatures, pressures, liquid levels, and flows. Resistan:e
temperature detectors (kTDs) are used for temperature measurements. Ele:tronic
transmitters having either a 4- to 20 rA or 10- to 50-mA range are used to
monitor pressure, level, and flow parameters. The system can also accept anale;
voltage er current ir7uts from other-nuclear process systems such as the Nuclear

.

Instrumentation System (NIS). .

' ' 8'c719t:1b-es16tt 24
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All inputs are converted to digital signals by the microproccisor based
Eagle 21* ele:tronics. After the desired signal conditioning is accom-'

plished (including dyr.amic compensation of time-dependent signals, summati:n,
'

and scaling), the system produces the following types of outputs:
.

o Analog output -- 10- to 50-d or 4- to 20-mA (or 1- to 5 vd:) signals
supplied to control boer e i..dicators or tbt, process control s3 stems

o Contact outputs -- On/off signals used to actuate control beard
annunciators

o Channel tri; outputs - On/off tignals usik to :Ortrol 120-va: i%t
relays f the Solid State Fr:te: tion Syste- (SSFS), or a relay-bate:
pr:te: tion system, for rea:ter trio and safeguares a:tuati:n signa's

2.1.3 Desien Features

.

Majo cerign features of the Eagle 21' Pro:ess Pr:tection U;;rade System are
des:ribec in tne fcliev.ing paragraphs.

,

2.1.3.1 Single Failure Criterion.

_.

#

9

9

. - - a

.
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2.1.3.2 Instrument Power Source

-
_.

M

.

.

l

.

-a-

*2.'.3.3 Channel Integrity

.

The Eagle 21N Process Protection Upgrade System has been designed to perform

its prote:tive functions under extreme operating conditions relating to its
environment, its energy supply, any malfunctions, and any accidents.

2.1.3.4 Channel Independence

_.

~

""" a -

%

.

.

C719c;1 b-051688 26
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,

2.1.3.5 Control and Protection System Interaction*

.

The Eagle 21* Pr: cess Protecticn Upgrade System functions with complete
independence from the plant's control systems. (Control systems include
remote indicat:rs, comouter data poirts, and annunciators as well as circuits
that automatically control plant parameters.) Prctective functions are
electrically isolated from any f ault or malfunction t. hat occurs in the cor.tr:1
systems. -

2.2 FUN:iION ' CESCRIPTION.

Ihe foll:ning paragra;hs pr0Vice a brief functicnal description cf the
Eagle 21* Process Protection U: grade System, base: on the simplified f un:-
tional bleek oingram shewn in figure 2-4

.

2.2.1 5100k Oit;*am
.

Mmuur

-

M

S

e

.

- - a.:
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2,3 CA5: NET DESCRIPTION
,

The Eagle 215 Process Protection Upgrade System is noused in existing pre-
cess instrumentati:n cabinets to which structural bracing end mounting rails
have been installed. Cabinet front and rear views are shown in figures 2-6
and 2-7, ( ), ,

-
_

- ~C

.

e

%

4
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Figure 2-5 Man-Machine Interface (HMI) Cart
,
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SECTION 3-

"

EAGLE 21~ SYSTEM CONFIGURATION
,

.

3.1 DESCRIPTION

The Eagle 215 system tested (Qualification Unit 2) is an exact replica of
Watts Bar Nuclear Power Station protection rack 13. This rack contains the
fellowing instrument loops (subsystems):

o Delta T/Tav;, Pr:tection
e Steam Generater Wide Range Level, Post At:ident Monitering (PAY) (2

Channels)

o Pressuri:er vapor Temperature, (PAM)

o Residual Heat Pemoval Pum; Discharge Temperature, (PAY)

o Rea: tor Coolant System Wice Range Pressure, (PAM)
.

3.2 CONFIGURATION / DESIGN LEVEL CRAWIh35
.

The folitain; drawings / revision levels are attached to document the system
,

: nfigurati:n tested:

.

Drawir; Cescriotien Drawino Number /Revisien

Terminal 510:k Wiring Diagram, 1-47043, PW 13, Revision 3E

Prote: tion Set 4

Process Control Bl::k Diagram, 10SD408, sheet 10, Revision 11

Delta T/T,yg System

Process Control Block Diagram, 1080408, sheet 34, Revision 8 ,

WR SG Level*

.

Process Control Block Diagram, 10BD408, sheet 38, Revision 4*

' Pressurize Liquid / Vapor Temperature

. 0719c:1b-061688 3-1
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Drawino Description Drawing Number / Revision
.

Process Control Block Diagram, 10SD408, sheet 39, Revision 5 -

*

RHR Pump Discharge Temperature
.

Process Control Block Diagram, 10$0408, sheet 43 Revision 1
RCS Wide Range Pressure

Eagle 215 Schematic Diagrams, 1855ES9, sheet 2. Revision 2

Rack 13 Protection Set 4

LThe following drawings / revision levels are referenced to document the system
hardware tested:

Drawino Descriotion Drawing Number / Revision

CabinetGeneralpssembly 1870E97G01, Revision 3

Anale; Input Boarc, 10-50, 4-20 mA 5357C57, Revision 4
,

(EAI-G01)
-

.

WR RTO Input Scard (ERI-G01) 535SC29, Revision 2
.

NR RTD Input Board (ERI-G02) 5358C29. Revision 2

Partial Trip-Output Board (EPT-G01) -2D33785, Revision 2

Digital Contact Output Board (ECO-G01) 5367C51, Revision 3

Analog Output Board 10-50 mA (EAO-G02) 5357r' , Revision 3

Power Distribution Box (G01) 1871E34, Revision 3
< -

Termination Module Assembly
'

0-10 Volt (G01) 2033779, Revision 1
.

c715c:1b-061688 3-2
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i

Drawino Description Drawing Number / Revision
.

Terminatier, Hodule Assembly*

4-20 mA (G01) 20273L2, Revision 1

i

Termination Module Assembly

10-50 mA (GOS) 2027362, Revision 1

Baseline Design Document 955093, Revision 0

* Digital Contact Output Board (ECO-G01) 5367C61, Revision 4

* Partial Tri; Output Board (EPT-G01) 2033786, Revision 3

* Beards modified to successfully complete fault testing. Modifications made
.

and re:uired retests are described in sections 8.2, 8.3 and Appendix A.

.

1/0 and mic. opro:essor boar:s were configure: per design specification 955073.
Revisien D..

System scftware used'has been retained on permanent file.-

.

D

e

4
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SECTION 4.

ISOLATION DEVICES PHILOSOPHY-

,

..

4.1 DESCRIPTION

The Eagle 21* System uses the output signal conditioning boards as an
isolation barrier between field level signals and the microprocessor
subsystem. The Eagle 21$ uses the following types of isolation devices for
interfacing Class lE signals with non-1E equipment.

Is:later Beard Tyce Isolation Device

Analog Output Scard (current loop), EAD
- -

Digital Centa:t Out:ut Scard, ECO
Partial Trio Output Board, EFT

C- -

,

In seditien, high voltage transient Orotection is provided for each cabiret*

it;ut/ca put, inclu ing the at power feed, by transient suppression
' ' ci r:ui f.ry. Fault currents are limited by preferred f ailure m0de comp;nents.

.

f

O
I

6

c71sc.it-osissa 4-1
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SECTION 5
.

TEST DESCRIPTION-

.

.

5.1 NOISE TESTS

The Eagle 21* system is a microprocessor upgrade to existing analcg plant
instrumentation and control (I & C) equipment. The Eagle 21~ is installed
in the existing plant ! & C process racks. The field termination wiring in
these racks does not meet the spatial separation requirements between Class IE

and non-1E wirin; as specified by IEEE-384-1977 and Nuclear Regulatory Guide

1.75 Rev. 2. Tre purpose cf the ncise tests i' o demonstrate tnat the
prote:tive acti:Es of the Eagle 215 system are t.ct affected by noise
injecte: into or adjacent to class n:n-1E wirin;. Frotective action is
define: as the atility t: generate a partial trip output signal usu, input
signal demand. NUREG 1.75 Appendix 1 section 4.5 allows the use of tests t:
demonstrate that class 1E ircuits are not cegraded when minimum separati:n.

cistante is net naintained. The noise sources were ch0sen t0 erulate
worst-:ase noise :enditi ns which rey be present on non-1E riring in the*

Eagle 21' process rack.
.

5.1.1 Test Outlire

The Eagle 21* e:;ipment was subje:ted to the following noise sources:

o Random N:ise Test (Antenna Coupled)

o Crosstalk Noise - Chattering Relay Test ( Antenna and Cirect Coupled)
o Military Specification MIL-N-199003 Noise Test ( Antenna Coupled)

o High Voltage Transient Noise Test (Antenna Coupled)
o Static Noise Test ( Antenna and Direct Couplod)

For the random, high-voltage transient and military specification noise tests,
.

the noise source was antenna coupled to the class non-1E field wiring under
test. The noise source was applied to a 40-foot antenna wire adjecent to a.

- 40-foot length of unshielded class non-1E field wiring. The antenna was

brought directly into the cabinet and bundled with Class IE input / output
cables upon entering the crocess rack (see figure 5-1).

cnse teesissa 5-1
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ffigure 5-1. Noise Test Setup (Antenna Chupled) Used for Random,llV Iransient, Mil-N and Crosstalk Tests .
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The non-1E test cable was terminated with a nooinal load value. Load values
'

for each board type tested are given below:
.

.

Isolatur Board Type Lead
.

I 10-50 iA current leep output, EA0 600 onms

Digital Contact Output, ECO *0 pen circuit and short circuit

Partial Trip Output, EPT **40 watt incandescent light bulb

Since the cntact output board nominal load is unknown, both open and
-

*

chert circuit tests were performed.

Tnis lead is considere: conservatise since the resultant loop**

im;edence to transient signals is lea compared to the inductive loa:
this board w vid normally service.

Tne cresstalk and static ncise tests were tenducted similarly, except that an
,

additional test was performed where the noise source was applied directly t:
tne n0n ' wiring, ic prevent camage, the isolator was disconnected at tre.

Eagle 21' terminatien frame and the disconne:ted non-1E wires shorted to
::mplete the crosstalk noise cir:uit icop. The dis: nnected ncn-1E wires were-

ccen-cir:uited fer tne static noise test (See figures 5-2, 5-4, and 5-7).

_

ia:n noise test run consisted of 2 minutes of pretest data, 2 minutes Of test
data (noise source supplied), and 2 minutes cf post-test data.

F:r a detailed description of the noise test setup, see section 5.2.1.

For a cetailed test sequence, channel monitoring, and system external
c nne: tion information, see the noise test procedure in appendix C.

5.1.2 Random Noise Test
!

..

This ncise source was generated by a random noise generator [

, ].c Its cutput was fed through a power amplifier [

J.c

0715c:1 b-c42888 5-3
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t

A

The radiated rendom noise characteristics are as follow:
,

.

Peak value: Ny
.

Frequency: 20 kH: - 10 MHz
,

Figure 5-3 shows the random noise source test setu?.

5.1.3 Crosstalk Noise - Chatterina Relay Test

A dc and an ac relay were used to generate a radiated cross,alk noise. The

relays were set in a " chattering" or "buz:er'' mode by wiring the normally
closed relay ccntacts in series with the re'ay coil. The following types cf
relays were used during the crosst41k noise-chattering relay test:

o Relay with a 118 Vac coil, 0.3 amp nominal
o Relay with a maximum rating cf 600 Vde,125 Vcc coil, 0.22 amo ? :minal

.

Figure 5-4a shews the de crosstalk ncise source -- chattering relay test
sotup. Figure 5-4b shows the ac crosstalk noise source -- chattering relay-

test setu0.
.

5.1.4 uilitary 5::ecificatien Ncise Test
.

.

Military specification noise testing was performed using switched cycling
noise sources with the characteristics of Noise Sources ha.1 and No. 2 in
Militrey Specification MIL-N-19900B,

The unaracteristics for Noise Source No. I were:

'Voltage: 115 Vdc -

Inductance: 3H
Resistance: 500 ohm

,

-

a

$

0719c 1 b-o42888 5-5
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1

The characteristics for Noise Source No. 2 werpt
'

:

Voltage: 115 Vac .

'
Inductance: 10 mH

'
;

Resistance: 2 ohm *;

I

iRepetit on rate for both noise sovrees was 10 on off cycles per minute.
1.

Figure 5 5 shows the military specification noise source test ietup.

5.1.5 High Voltace Transient Noise Test

This noise scurce was generated from a surge transient generator i I

J coupled to an isolation network box [ ). |g

The high voltage transient noise characteristics are in accordance with
1 TEE-472 1974 as felicas:

Eg3g37: 3.3 kV
~

Surgs frecsency- 1.25 MHz |

Time to 1/2 (CREST ' 0'4 k' i

Repetition rate: 140 Hz
,

figure 5 6 shows the high voltage transient oise source test setup. .-

5.1.6 Static N5'se Test

- This noise source was generated using a step-up transformer ( i

)., A value of 580 Vrms at 60 Hz was injected into the non-1E test
cable and into the antenna asser.bly.

Figure 5 7 shows the static not'se test setup.
1

.
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5.2 FaVLT TESTS

The purpose of the f ault tests is to demonstri.te that credible f aults inje:ted '

,

into the non-1E tystem do not prepa; ate across the class ncn-1E to class lE
*

isolation barrier er from :hannel to channel aithin the Eagle 215 pr::ess
rack. These tests are designed to verify that the Eagle 21$ system
isolation devices are in compliance with IEEE 279-1971, IEEE-384-1981,

IEEE-503 1980, and Nuclear Regulat:ry Guide 1.75 Rev. 2 concerning the
physical indepercen:e of class 1E cir:uits and class 1E/non-1E interaction.

|

5.2.1 Test Outline

PSaimem :redible f ault s:ltages aere cetermi e: to be 550 Va: and 250 V : ter
previ ys prote:ti:n system tests (M00 system, COPS, et: ), in ad:itien, *.25

Va: and 125 Vd: tests were performec ahere a;;Iicable. A fault ass : nsice e:

applicaole only if the f ault challenged the neminal v:ltage er current rati ;s
of the :hannel eder test. For cases abere 125 Vac and 125 Vd: tests were
censi:ered not a:;li:able, 550 Va: a*: 250 Vd: tests mere performed thus

envel::ing the 1:aer vcltage tests.
.

Fault v:ltages mere applied line t: gr:und an: line t: line (unge:unced) rt:

the is:lat:r terrinals. Tables 5-la and 5-lb list tests performed by bear:
tjpe. Figures 5 Se and 5-50 show the a: and :: f ault connecti:ns. F:siti.e
and ne;stive d: .-:ltage line-to groun: f aults were a; plied.

5.2.2 Iest Im:le entatien

A: f ault voltages aere cenerated usin; a 7.5 KVA isolation transformer

( )., Figures 5-9 anc 5-10 shoa the transf crmer
connections use:.

.

De f ault voltages were generated usin; a 250 V 20 A de power supply

( ).g Two external 3300 sf
capacit:rs were added to increase the potantial energy available for f ault
applicati:n (See fig are 511).

onse 1b onses 5 12

- _ _ _ _ _ ____-_______ _ _--__ -



_ . . _ _ _ . _ . _ __ _ _._.__._ ___ _ __ _ . _ . _ _ _ _ _ . ,

TABLE 5 la

LINE TO GROUND
'

FAULT TESTS PERFORMED
*

;
,

* !solator Beard Type Feelts Applied
,

Partial Trip Output, Energized 125 Vde,125 Vac, 250 Vde, 580 Vac

Partial Trip Ostput, Deenergized 250 Vde, 580 Vac

Digital Contaat Output, NO, Energized 250 Vde, 580 Vac

Digital Co:a. set u 'put, N#, Energized 250 Vde, 580 Vac

Current Letp ovir.0, V' ',s mA 125 Vac, 125 Vde, 250 Vde, 550 Vac>

TABLE 5-lb

LINE TO LINE

FAULT TESTS PERFORMED
.

Is:iater Beard Tyre Faults Arnlied
,

Partial Trip Ost;ut, Energized 125 Vac, 125 Vde, 250 Vde, 580 vac
.

Partial Trip Output, Deenergized 250 Vde, SBS Vac

Digital Centact Output, NO, Energized 125 Vac, 125 Vde, 250 Vde, 580 Vac-

Digital Contact Output, NC, Energized 250 Vde, 580 Vac

Digital Centact Output, NO, Deenergi:ed 250 Vde, 550 Vac

Digital Centact Output, NC, Deenergized 125 Vac, 125 Vde, 250 Vde, 550 Vac

Current Leop Output 10-50 mA 125 Vac, 125 Vde, 250 Vde, 580 Vac

.

O

e

a

$
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Each f ault test consisted of a 1 minste pretest run, a 1-minute application of
f ault and a 1-n.inute post-test run. Repairs required following each fault
test were recorded noting all f ailed components. .

For a cateiled description of the f avit test setup, see section 6.2.2. -

For detailed test sequence, channel monitoring, and system external connecticn
information, see the fault test procedure in Appendis C.

5.3 SURGE WITkSTAND CAPABILITY (SWC) TEST

The SWC tests were conducted under nersal operating conditions of the systet

in acccrdance aith IEEE 472 1974 The purpose of this test was to determine:
(1) the protective actions of the Eagle 21* system are net affected by
applicatien of the surge aithstand test wave te the designated class ncn-1E to
class 1E isolators, (2) that ne c mpenent f ailures occurred, and (3) that ne
change in channel calibrations occurred due te the application of the surge
withstand test aave.

*

5.3.1 Test Outlire

All system inputs /cutputs mere surge tested in the cemmen and transverse meces
including the system power supply input circuitry.

_

Each of the following system interf aces were tested:

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

o Partial Trip Output (energized and deenergized conditions), class
non-1E/1E isolator

'

o Current Loop Output 10 50 mA class non-1E/1E isolator
o Currer.t Loep Input (4-20 mA,10 50 mA, with and without loop power

supply)

o WR RTO Input -

.

c71ec.1b-042ssa 5-18

. .
.

. .
.



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . _ _ _ . _ _ . _ _ . . _ . . m. . . _ _

!
i

o WR RTD Input (0-10 volt application)
o NR RTD input.

o Cabinet AC power feed,

.

5.3.1.1 Common Mode Test.

For this test, one terminal of the test generator was connected to each system
input er outout cennection group. The other terminal of the test generator
wat Conner,ted to the ground of the surge generator (see figure 5 12a).

5.3.1.2 Irsnsverse Mode Test

for this test, the terminals of the test generator were c:nne:ted to the high
and Ica ef ea:h systern--incut er cut ut signal pair (See figure 5-12t).

5.5.2 Test leple entatien

The surge withstand capability test aas carried out by using a surge ge*erator-

( J and an isolation netacrk (- }.g

The SWC test wave generated was in a:cerdance with IEEE-472-1974 and hs: the
.

folloain; characteristics:

.

F
CREST = 2.5kV

Surge-Frepuen:y = 1.25 MHz

Time to 1/2 ECRES7 = 6.4 vs
Repetition Fre:vency = 120 Hz

Each SWC~ test run consisted _of a 2-minute pretest run, 2-second application ef
the SWC test wave, and a 2-minute post-test run.

Figure 5 12c shows a schematic diagram of the equipment connections which were
implemented during the SWC test..

*
i

+

9

on se w o4:ssa 5-19

. - . _ - . - . - . . _ . . - -



_ . . _ _

037-A-24435-23
.

.

.

E-21 SYSTEM .

3- - .c

:, == =C 3

TEST ev
GENERATOR

..c

?-

Figure 5 12a. C:m:n Mode Surge Withstand Capability Test Conne:ti:n
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Figure 5-12b. Transverse Mode Surge Withstand Capability
Test Connection
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A detailed description of the SWC test implementation is given in the SWC Test
Setup Description, section 6.2.3.

.

'

For detailed test sequence. channel menitoring, and system esternal connecticn
informatien. see the SWC tsst procedure in appendix C. ~

5.4 RADIO FREQUENCY INTERFERENCE (RF1) $U$CEP11BILITY TEST

The purpose of th'- ! susceptibility test was to evaluate the performance of
the system when subjected to electromagnetic fields such as those generated
from pertable radio transceivers er any other devices that generate
centinuous nave radiated electremagnetic energy.

5.4.1 Test v jhedolecye

The RFI suscept'bility tests were cenducted in accordance with SAMA Stancard

PMC 33.1 1978. The r, lasses of field strengths the system ans subjected to
etre 3 V/m and 10 V/m over the entire frecuency range of 20 Mnz to 1 Gh:.

.

Tao types of tes:s aere performed. In the first, referred to as a,

"medulation" test, a computer-c:ntrolled sweep of the signal generater was ,

'

utilized.[
).3,g in the second test referred to as a " keying" test, the -

signal generator output was turned en and off at 1-second intervals and with
~

very shcrt riso and f all times to simulate the keying of a transceiver.

5.4.2 Test lejj' ion

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

).e

.

P

G

e
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i

.

5.4.3 Test Eeuipment
.

!

Two t)Tes of antennae were used during the testing. A biconical antenna*

''
covered frequencies ranging from 20 MHz to 160 MHz, and a log periodic antenna

~

covered frequencies ranging from 160 MHz to 1 GHz.
,

Two power amplifiers were used to cover the ahole frequency range. The first '

smplifier covered 20 MHz to 500 MH2; the second amplifier covered 500 MHz to 1

GHz.

_.

i

O,c_.

5.4.4 Iest Procedure

'
.

'

Calibration testing was conducted to generate a calibration data file for the
contrcl temputer for the signal gererator. Once calibration testing was

,

completed, modulation and keying tests were performed on the system.
.

A cetailed cescription of the radio frequency interference test implementation
is given in the Radio Frecuency Interference Test Setuo Description (section.

6.2.4).

For detailed test sequence, channel monitoring, and system-external cennection
information, see the Radio Frequency Interference test procedure in appendix C.

5.4.5 Calibration Test

The calibration data files were generat d for 3 V/m and 10 V/m over the entire
frequency band (20 MHz to 1 GHz), for both vertical and horizontal

* polarizations, for use in implementing the modulation and keying tests.
Figure 5-14 is a photo of the anechcie charter showing the log periodic

'

antenna in the horizontal polarization calibration'(
.

)*C

e719c.1b c42aat $.23
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Figure 5-13. Radio frequency Interference Equipment Test Setup
~
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5.4.6 Wdulation Test _
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Interference Modulation Tests
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A detailed descriptien of the RFI test implementatien is given in the RFI Test
Setup Description, Secticn 6.2.4. .

Fcr detailed test se:uence, channel menitering, and system external connecticn -

information, see the RF1 test procedure in Appendix C.
,

5.4.7 Keying Test

'

The keying test frequency selection was performed manually. The most

susceptible points, as determined by the modulation tests, were subjected to
the keying test. At least three data points per octave were tested. Tabit
5-2 shows the keying test frequencies. '

-

O

%

.

9
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KEYING TEST FREQUENCIES
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During the keying test, only the front of the cabinet was targeted, because
this was censidered to be the "most susceptible side to the RF field.a

Vertical and horizontal polarizations were implemented.

,
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SECTION 6.

TEST SETUP AND MONITORING-

,

.

6.1 1(ST SETUP

The test setup consis;ed of an input / output simulator and recorcing test
station. Test tquipment included a data logger, tape recorder strip chart
recorder, voltmeter, and an oscilloscepe. Figure 6-1 shows tFe cabinet and
field cable setup. Figure 6 2 shows the test equipment setup. figure 6 3 is
a test COBfiguratich block diagram.

6.1.1 System C:nnectices

F:rty-foot field cables were rcuted from the test station through the cadinet
tco entry and were terminated at the field terminal blocks. Catie shiel:s
were terminated at the field terminal blecks and lef t een at the test station*

'

per stan:ard wiring practice. All cabies were bundled together (1E an:
*

non-lE) upon entry into the cabinat. System external connectien diagrams are
provided in section 3.

.

Sims ated Inout Sicnals6.1.2 l
,

Input signals were simulated in a manner which replicates, as close as
pessible, actual plant sensors. The listing below gives signal type,
sirulation method, and ci-cuit figure reference:

Input Simulation

| Sicnal Tvoe Method Ficure

0 - 10V Voltage source N/A--

4-20 mA/10 50 mA Transmitter 6-4.

'n'ide Range RTD Potentiometer 6-5o

Narrow Range RTD Precision resister 6-6+

network-

et20s.1b 0616sa 6-1
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Figure 61, Cabinet and Field Cable Setup
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Actual simulated input values for each test are specified in the test
procedures, appendix C. .

-.

6.1.3 Data Acquisition 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 listing below gives output signal type, monitoring method, and circuit
figure reference:

Output Monitoring
Signal Tyce Method Figure

10 - 50 mA resister 6-7

Trip Output 120 Vac detector, status light 6-3

Contact Dutcut voltsge/ resister 6-9

Actual output points monitored for each test are specified in the test
*

procedures, appendix C.
.

'

G 3.3.1 Tape Ree:rder
,

A 14-channel FM-tape recorder was used to previde a permanent record of system
performance before, during and after each abnormal event (noise, surge, RFI,

etc.). l

l ,eb

Tape recorder monitored signals were processed through buffer amplifiers.

6.1.3.2 Data Legger
,

, . 1

The digital data logger was used for pre-test and post-test verification of 6

system status. Prior to each test, it was used to generate a printout for all -

.

0720s:1b-042888 6-8
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4

monitored channelu'to verify that system performance was normal, After ea:5
test, another printout of the data for all monitored :hannels was generated to 4

verify that system performance had not degraded during testing. These .

printouts were then attached to the backs of the data sheets. To prevent *

noise spikes caused by periodic data sampling, the data legger was not -

conne:ted during testing,

6,1.3.3 Strip Chart D.ecorder
3 >

Two 8-:bannel strip chart recorders were used as a continuous monitor of
system perf:rmance before, during, and after each abnormal event. An event
marker was used to mark the beginning and end of each abnormal event. Tne

r: nit: red signals were processed through buffer amplifiers. [

l .:b

E.2 TEST MDNITORIN5
.

The tests were monit: red in act:rdante with the acceptan:e criteria cutline:
.

in section 7. Selected system inout/ output points were monitored to meatu-e
system cerf:rmance during the noise, fault, surge, and radic frepuency ,

interferen:e testing. The man-machine interface (MMI) terminal was ~

dis:enne:ted during the test runs. The MMI connection can be construed as an
ad iticnal antenna. During actual plant operati:n, the MMI is only conne:te:
during cabinet testing anc only one protection set is allowed in test et a
time. Thus, the MMI connecticn is not considered common mode {

).b c The MMI was connected
periodically to trouble-shoot and interrogate input signal processing
performance.

Specific data points monitored were determined by the particular test being
performed. In general, points monitored were chosen to best monitor overall *

Eagle 21* system performance. -

.

0720ca n-04:ess 6-12
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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.? 1 Noise Test Setup Description.

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

o nutputs -- Four analog output channels were monitored
v dw 1 the noise tests. The channels monitored,

*"Nls processed by current loop, wide range RTD, anc
r

'

out signal conditioning boards. Thus, system>

processing performance was measured,e

o Digital outputs - single variable NR RTD (Thot3) was chosen to
toggle all six Delta T/Tavg System trip outputs. All six trip output

' channels were toggled utili:ing the variable RTD circuit sh:wn in
Figure 6-6. The centrol relay was cycled continuously during

'

pre-test, test and post-test runs (

).b,e The Delta
,

T/Tavg system inputs were set jus'. below and above tne trip cutput

toggle point (.2% or less). The Delta T/T,y system utilizes -

,

current loco, NR RTD and 0-10 voit analog input signals to generate
partial trip output signals (see section 3 for system block
diagrams). Thus, 2ny significant degradation in system input signal
processing would result in a trip output status failure. A normally
open contact output channel was also menitored. The contact output
was normally energized througnout the test.

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

.

i Analog / digital channels adjacent to the non-1E channel under test were chosen
- - for monitoring to emulate worst case system configuration. See figure 5-10

for the noise test data sheet.*

I

o72ec:1b-042838 6-13
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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):

REMARKS /0BSERVATIONS:

ANALOG OUTPUT PRETEST NOISE APPLIED D:

NAME/iA3 NO. DC VALUE P D NOISE DC VAlb! P-P NOISE $0EV
,

PZR VAP/T454A .

NR TEMP /T441L .

NR TEMP /T441K

WR PRE /P4085 .

TAPE SET:

'\PE FOOTAGE:
,

' PRE-TEST / TEST / POST-TEST)

REMARKS /OSSERVATIONS:
a

"

PERFORMED BY/DATE:
.

Figure 6-10. Noise Test Deta Sheet

0720c-1 b-042888 5-14



6.2.2 Fault Test Setuo Description
;

', Eagle 21* system performance, while subjected to the f ault tests described
in section 5.2, was monitored in the follo ing manner:

.

o Channels adjacent (lef t, right, top, bottom) to the channel under test
were chosen for monitoring,

o Minimum physical separation between the channel under test and
adjacent channels was prcvided. Cabinet configuration was altered to
provide minimum physical separation for the digital contact output
board tests,

o The channel under test was continucusly monitored immediately ;rict tc
the fault a; plication, ciscennecte: from the data acquisition system
(DAS) during f ault acplication, and reconnected to the DAS upon
removal of the fault.

,

Fellowi.; the test, all necessary repairs aere recorded noting all co ocnent.

f ailures er,d channel operability was verified.
.

Figure 6-11 is the fault test data sheet.
.

_

6.2.3 Surce Withstano Caoability (SWCl Test Setuo Descriotien

Eagle 2Pv system input / output performance, while subjected to the SWC tests
cescribed in section 5.3, was monitored in the follcwing manner:

o Analog outputs -- Fcur analog output charinels were monitored
continuously during the surge tests. The channels monitored
replicated signals processed by current loop, wide range RTD, and
narrow range RTD input signal conditioning boards. Thus, system

.

anelog input / output processing performance was measured.
.

e

e
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1/0 Module Procedure Rev.
Date
Test i

TYPE
-

.

SHORT circuli AC , DC
,

,

COMMON MODE __, GROUND CONNECTED TO VOLTS PLUS HINUS GROUND

LINE TO LINE VOLTS (+) TO (+) (+) 10 (-)
VOLTS (-) TO (+) (-) TO (-)

TEST INJECTION POINT TEST CONDITION

1/0 CARD TYPE POINT #
_

PRE-TEST

DATA LOSSER VERIFICATION * PRINT OUTPUT #

SYSTEM STATUS

REMARKS AND TEST OBSERVATION

DISCONNECT DATA LOGGER

TEST ,

TAPE RECORDER FOOTAGE BEGIN END SET #
SPEED TlHE: (START): (STOP):

SYSTEM STATUS:
.

REMARKS AND TEST DESERVAi!ON

POST-TEST
|

DATA LOGGER DATA VERIFICATION * PRINT OUTPUT #
|
'

SYSTEM !!A1VS:

REMARKS AND TEST OBSERVATION

|

| PERFORMED REVIEWED

.

^

Figure 6-11. Fault Test Data Sheet
.

0720c.1 b-042888 6 16
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o Digital outputs -- A single variable NR RTD (Thot3) was chosen to
toggle all six Delta T/Tavg system trip outputs. All 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,andpost-testruns(-

),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,yg 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
diegrams). Thus, ary significant degradation in system input signal
processing would result in a trip output status failure. The control
relay was not cycled during the partial trip module tests to ensure
that the channel in test remained in one state (energized /deenergi:ed)
during the application of the surge.

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

.

The following test methods were utili:ed to best measure system perfermance:

.

o input / output channels adjacent to the output channel under test were
monitored.,

.

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

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

Figure 6-12 is the Surge Test Data Sheet.

.

$

.

PO

0720c:1b-042888 6-17
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SURGE TEST DATA SHEET

Procedure Rev.
DATE .

TYPE TEST *
.

TRANSVERSE MODE

COMMON MODE

TEST INJECTION POINT !/0 CARD TYPE POINT #

PRE-TEST

DATA LOGGER VERIFICATION PRINI OUTPUT #

SYSTEM STATUS:

REMARKS AND TEST OBSERVATION

DISCONNECT DATA LOGGER

TEST
.

TAPE RECORDER FOOTAGE BEGIN END SET #
'

SYSTEM'$TATUS:

RFMARKS AND TEST OBSERVATIONS: .

POST-TEST

DATA LOGGER DATA VERIFICATION * PRINT OUTPUT #

SYSTEM STATUS:

REMARKS AND TEST OBSERVATION:

'

PERFORMED REVIEWED
,

.

Figure 6-12. Surge Test Data Sheet

0720c 1b-042888 6-18
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6.2.4 Radio 'Frecuency Interference Test Setup Description

.

Eagle 21$ system input / output perforrance, while subjected to RFI, was.

monitored in the folloaing manner:-

.

o Analog outputs -- Four analog output channels were monitored
continuously during the RFI test. The channels monitored replicated

signals processed by current loop, wide-range RTD, and narrow-range
RTD input signal conditioning boards. Thus, system analog

input / output pro:essing performance was measured.

o Digital cutputs -- A single variable NR RTD (Th:t3) was chosen t:
toggle all six Delta T/Tavg System trip outputs. All six trip out:.;

channels were t:;gled utilizing the varisole RTD circuit sh:an in
Figure 6-6. The control relay was cycle at the start ci each
frequency run, measuring trip output perf:rmance curing the RFI
event. The Delta T/Tavg system inputs were set just below and ab:Se

- the trip output t ggle :: int (.2*4 or less). The Delta T/T, syste-

utili:es current loop, NR RTD and 0-10 volt analog inputs to generate
' partial trip output signals (see section 3 for system block

diagrams). Thus, any significant degra:ation in system input signal
.

pro:essing woulc result in a trip output status f ailure. A normally

.

Open contact output channel was also monit: red. The contact out;ut

was normally erergized throughout the test.

In addition to continuous monitoring via the strip chart re: Order,
trip output status was also sampled by the control computer before,
during, and af ter energization of the control relay. Any

discrepancies between actual and expected trip output status were
flagged by an error message. See figures 6-13 and 6-14 for RFI
modulation and keying test data sheets. Figure 6-15 is the Tape
Recorder Log Sheet.

.

O

e

,

o72ce:n-042ssa 6-19

_ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



. - . - - _ - .. .- -- .- _ - _ - . . - - - .-- - ..

RADIO FREQUENCY INTERFERENCE TEST DATA

TARGET: (CABINETPOSITION)
CALIBRATION FILE: -

FIELD STRENGTH LEVEL: (V/m) -

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

'

DATE:

1EST PERFORMED BY:

REVIEWED BY:

TAPE NAME:
TAPE SET:

TAPE RECCRDER START AT: (FOOT)

FREQUENCY: (MH2)
(DATE)
(TIME)

EVENT DIG / INPUT
1 00 0011 (EXPECTED TRIP OUTPUT PATTERN)
2 11 1100 -

3 00 0011
"

REMARKS:

FREQUENCY: (MHZ)
(DATE) ,

(TIME)

EVENT DIG / INPUT .

1 00 0011
2 11 1100
3 00 0011

REMARKS:

FREQUENCY: (MHZ)
(DATE)
.(TIME)

ERROR 11 THE CHANGING CONDITION OF BISTABLE STATUS (TRIP OUTPUT ERROR MESSAGE)

EVENT DIG / INPUT
1 00 0011
2 11 1101
3 00 0011

-

REMARKS:
,

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

Figure 6-13. RFI Modulation Test Data Sheet

enocan-o42ssa 6-20
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RADIO FREQUENCY INTERFERENCE TEST DATA
*

.

TARGET: (CABINET POSITION)
*

FIELD STRENGTH LEVEL: (V/M)
*

TYPE OF ANTENNA: (LOG PERIODlC OR BICONICAL)
ANTENNA POLARIZATION: (HORI2ONTAL OR VERTICAL).

DATE:

TEST PERFORMED BY:

REVIEWED BY:

TAFE NAME:
TAPE SET:

TAFE RECORDER START AT: (FOOT)

FREQUENCY: (Mi2)

(DATE)
(TIME)

(FIRST KEY CYCLE) (SECOND KEY CYCLE)
EVENT DIG (K-OFF) INPUT DIG (K-ON) IhPUT,

(EXPECTED TRIP 1 00 0011 00 0011
OUTPUT FATTERN) 2 11 1100 11 1100

'

REMARKS:

- FREQUENCY: (MHZ)
(DATE)
(TIME)

EVENT DIG (K-OFF) INPUT DIG (K-ON) IhPUT
'

1 00 0011 00 0011
2 U 1100 )) un0

REMARKS:
FREQUENCY: (MHZ)

(TIME)
EVENT DIG [K-OFF) INPUT DIG [K-CN) INPUI

1 00 0011 00 0011
2 11 1100 11 1100

,

?.EMARKS:

ENDIN3 TAPE RECORDER FOOTAGE FOR THIS SET OF DATA: (FOOT).
,

.

.

.

Figure 6-14. RFI Keying Test Data Sheet

c72cc:1e-c42eas 6-21
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SECTION 7-
-

,

ACCEPTANCE CRITERIA
.

.

*
7.1. DESCRIPTION

The general acceptance criterion for the 1E safety-related system is that the
system shall remain operational before, during, and af ter any one of the
abnormal ever.ts described in Section 5 and listed below. Specific acceptance
criteria for the noise, fault, surge withstand capability, and radio-frequency
interference tests are defined in the following paragraphs.

7.1.1 Neise Test Acceptance Criteria

The Eagle 215 -system shall remain operational and maintain-protective action
before, during, and after any credible noise event described in section 5.1.<

~

- 7.1.2 Fault Test Acceptance Criteria

:-.

- The-Eagle 21* system shall remain operational anc maintain protective action
. - before, during, and after the application of any credible faults as cescripec

in section 5.2. Faults shall not propagate across the class non-1E to
c lass 1E isolation barrier- or from channel to channel.-

7.1.3 Sur;e Withstand Capability Test Acceptance' Criteria

The Eagle 21* system-shall remain operational and maintain protective action-

before, Lduring, and af ter application of the surge withstand test wave to the
designated class'non-1E-to class 1-E isolators as. described _in section 5.3.n

[ In addition, rua component. damage or shif t in calibration exceeding.the
.

?specified accuracy of the board under test shall occur due to the application
I offthe surge withstand test wave to any cabinet input / output excluding the

* - test panel and MMI communications connections,
2io

.' &

4
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i
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7.1.4 Radio Frequency Interference Test Acceptance Criteria
.

I The Eagle 21* system shall remain operational (i.e.,--continuous microprocessor
.

oper'ation) while exposed to the radio frequency interference tests described .

in section 5.4. ,

r
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SECTION 8
.

TEST RESULTS.

.

.

The results of the system noise, fault, surge, and RFI tests are based on the
acceptance criteria defined in Section 7. System performance during these

abnormal events is described in the ensuing sections. The results are
reported in tabular format at the end of this section.

8.1 NOISE TEST RESULTS

Tables 6-la through 8-1g report the results of the noise tests. Analog output
* n:ise in all cases was coupled wire-to wire from the non-1E cabling t the IE

cabling or directly into the analog output channel. The noise did not af fect
analog input or digital output signal processing. Thus, protective action was
maintained before, during, and after all credible noise events. In all cases
the analog output signals returned to normal upon removal of the noise signal.,

The test effects column of tables 8-la through 8-1g reports the worst-case-
.

analog output signal shift for each test run.
.

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

Worst Case Shift in
Noise Test Anaio; Outout Signals Results in Table

Random

Ac Chattering Relay
Oc Chattering Relay
Mil-Spec Noise #1

Mil-Spec Noise #2

High Voltage Transient
,

'
Static s,e

.

.

0720c:1 b-061688 8-1
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The ac noise sources (ac chattering relay and Mil-spec noise #2) produ:ed
'

spiking on the analog output signal and an increase in the background noise
level. There was no recorded shif t in the neminal de value. The randem high- -

,

voltage transient and de chattering relay noise sources produced a shif t in
*

nominal de value and an increase in background noise level.

8.2 FAULT TEST RESULTS

Tables 8-2a and 8-2b report the results of the line-to ground and the line-to-
line fault tests. Class-1E isolation was maintained in all cases. Damage was

limited to components located on the non-1E side of the isolator or the nc,n-1E
side of the isolation device. Analog output noise recorded was coupled
wire-te wire and was limited to a spike upon fault applicatien in isolated
instances. No effects were observed on the system input processing or
trip / contact output processing subsystems. Thus, protective action was
maintained before, during, and after fault application. Sections B.2.1 and
8.2.2 summarize the test results of the final board designs (see section 3 for
drawing references). Section 8.2.3 describes the board modifications re::uired
and tables S-2a and 6-2b report the test results of the original board cesigns. ,

8.2.1 Line-to-Ground Fault -

System Ferformance Summary: -

Effects on
Adjacent

Board Tvoe Fault Voltape Channels Damace

- -

Current Loop Output 125 Vac

10-50 mA 125 Vdc

250 Vdc

580 Vac

|

Digital' Contact Output 125 Vac
'

| 125 Vdc
,

250 Vdc
,

580 Vac
- - b,c

0720c:1b-061688 8-2
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T

Effects on
Adjacent.

Board Type Fault Voltage Channels Damage
-

,

.

~ ~
* Partial Trip Output 125 Vac

125 Vdc

250 Vdc

580 Vac
- b,c-

8.2.2 Line-te-Liri ,: ult

System Performance Summary:

Effects en
Adjacent

Board Tyne Fault Voltage Channels Damage
,

..

Current Loc;: Output 125 Vac
9

. 10-50 mA

125 Vdc,

,

250 Vdc
-

580 Vac

Digital Contact Output 125 Vac

125 Vdc

250 Vdc

580 Vac

.

Q

.
- b,c

.

0720c:1 b-061668 8-3
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|

Effects on
Adjacent

Board Type fault Voltage Channels Damage
.

.

~
'

Partial Trip Output 125 Vac

125 Vdc 'j
250 Vdc .

|

I

|

580 Vac

1

_
b,e

_

MOV = Metal Oxide Varistor
SSR = Solid-State Relay

'

.

8.2.3 Beard Modificatiens Recuired

.

During fault testing of the original contact output and partial trip output board
designs, failures in transient suppression devices (metal oxide varistors, POV) caused .

component rupture and damage to adjacent channel circuitry. Since the fault test
acceptance criteria (section 7) state that adjacent channels shall not be affected by
faults applied to a non-1E channel, modifications were required. Applicable fault
retests were performed following the board modifications. The modifications by board
type are summarized below.

.

,

.

0720c:1 b-061688 g-4
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8.2.3.1 Partial Trip Output (EPT) Board

The original EPT board design utilized line-to ground and line to-line HOVs
,

( ).b,c These MOVs failed and.

ruptured causing adjacent channel damage upon application of 250 Vdc and 5S0
,

Vac line- to-line and line-to ground faults.

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

,
'b,c

For mere information concerning the EFT modificaciens see Appendix A,

S.2.3.2 Digital Contact Output (ECO) Board

The original ECO coard design utilized line-to-line MOVs (.

).b.c These MOVs failed and ruptured upon
application of a 550 Vac line-t:-line f ault. Althougn there was no receree
eegradation in adjacent channel performance, MOV material was sprayed on

~ adjacent channel circuitry. Since the EFT beard experienced adjacent channel

f ailure due to OV rupture, a design enange was implemented to prevent POV
*

rupture. (

l ,cb

8.3 SURGE WITHSTAND CAPABILITY (SWC) TEST RESULTS

Table S-3 reports the results of the SWC tests. No component f ailures

occurred and there was no recorded changes in channel calibrations due to
application of the SWC test wave. Protective action was maintained before,
during, and af ter application of the SWC test wave to the designated class
non-1E to class 1E isolators. Analog output noise recorded was coupled

,

,
through the associated input signal conditioning channel while the surge was
applied. Noise was radiatively, and conductively, coupled into the input.

.

072cc:16-061688 8-5
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,

channel. This conclusion is substantiated by the f act that noise was recorded,

on the channel under test as well as on adjacent channels. Trip output status
failures were caused by noise coupled through the NR RTD input channels. -

'

Since the trip outputs are a function of the NR RTD inputs, erroneous trip
outputs did occur. In no case was a false triggering of a partial trip a -

contact output hardware module recorded. In all cases these modules provided
' the appropriate outputs per loop calculation processor request. Thus, adverse

| system performance was limited to the analog 1/0 processing subsystem. In all
3 cases, the analog I/O processing subsystem returned to normal oper.ition upon
| removal of the SWC test wave. The loop processor subsystem maintained

| continuous operation before, during, and af ter all SWC test cases.

'

The test effect column of Table 8-3 reports the maximum recorded shif t from

nominal of an analog output signal for a specified test.

:

; 8.3.1 Common Mode Tests

t

] Syste;m Performance Summary:

4
,

! Worst-Case Shift in Component Damage,

Tyne of I/O Board Analog Outout Sienals Calibration Shift ,

Wide-Range RTD Input .

Narrow-Range RTD Input

WR RTD 0-10V Input

Current Loop Input
10-50 mA, Active

Current Loop Input
10-50 mA, Passive

Current Loop Input
4-20 mA, Active

Current Loop Output

10-50 mA
- - b,c

.

.

b,C

o72ec:1b-061588 8-6
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|

Worst Case Shift in Compenent Damage,
*

_ Type of 1/0 Board (cont) Analoo Output Signals Calibration Shift
.

~ ~

AC Input, Cabinet Power i
*

Partial Trip Output
Digital Contact Output b,c-

,

6.3.3 Transv rse Mode Tests

System brformance Summary:

k'orst Case Shif t in Component Damage,

hoeof1/0 Board Amaleg Outeut Signals Calibratien Shift

~ ~

kide Range RTO Input

Nt* -on-Aarga RfD 'mput

o, RTO 0-10V Input *
,

Current Loop Inout

10 50 mA, A:tive
Current Loop Input

10-50 mA, Passive-

Current loop Input
4-20 mA, Active*

Currtent loop Output,

10-50 mA

A: Input, Cabinet Power
Partial Trip Output
Digital Centact Output

- b.c-

8.3.3 Board Nodifications/ Retests

The digital contact output and partial trip output boards experienced failures
'

during the fault tests. See section 8.2 for a report on the required board
~

modifications. These modifications were made to the transient voltage
'

suppression circuitry on these boards.
,

ones:1b-osissa 3-7
,
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The contact output board was retested to verify compliance with
IEEE-472 1974 Only transverse mode transient suppression across open
contacts was af fected by the the modifications. Retests $57 and 558 were ,

perfcrmed folloning the modifications to verify board performance. *!
,

The partial trip output board comen and transverse mode transient suppression
circuitry was modified. An analysis was performed (appendix A) in lieu cf

Iretesting and supports the original SWC tests S13 516.

8.4 RADIO FRE0VENCY (RF) INTERFERENCE TEST RESULTS

Tables E 4a and B 4b report the results of the RF modulation and keying
tests. In general, unalog cutput noise recorded was coupled through the I

associated input signal conditiening channel. At isolated low fre;uencies
(100 MHz or less) some noise was covoled directly into the analog output
channel. Trip utput status f ailures were caused by noise coupled through the
NR RTD input channels. Since the trip outputs are a function of the NR RIO
inputs, erroneous trip ou', puts did occur. In no case was a f also triggering
Of a partial trip or contact output hardnare module recorded, in all cases,

'

these moogles provided the appropriate outputs per loop calculation processor
request. Thus, adverse system performance was limited to the analog 1/0
processing subsystem. In all cases the analog 1/0 processing subsystem
returned to normal opei ation upon removal of the RF field. The lo:p processor

,

subsystem maintained continuous operation before, during, and af ter all
modulation and keying test cases.

The two ncise coupling paths (input and output) produced different recorded
noise characteristics. The noise coupled through the inputs was most severe
at the s'. art and end of each frequency test run. The noise consisted of a
spike uren application of the RF field, followed by a period of reduced noise,
and ending with a spike upon removal of the RF field. The keying test results
summary reports the worst-case transient analog output signal shif ts. Noise

coupled directly into the analog output channel produced a shif t in the
nominal C value and an increase in the background noise level throughout the -

affected frequency test run. -

.

Unocan-osiss6 8-8
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I
An additional test was perferrned to confirm that the noise coupled threugh the !

'
' input channel was radiatively coupled and not conductively coupled. The RF

* signal generator was used to inject an ac coupled RF signal directly into the
,

. NR RfD input board with a nominal de voltage applied to the input. The
'

man-machint interface terminal was monitored during the noise injection and ne
effer.t on the input signal was observed. (

lcb

The test effect column of Tables 8-4a and 8-4b reports the maximum recorded

shif t from nominal of an analog output signal over the frequency range
soecified and reperts the frequencies at which trip cutput status failures
cecurred.

*

S.4.1 Medulation Tests

System Performance Summary:
,

Worst-Case Shift in.

Fre:uency Banc Ansieg Outeut Sienals

,- t
_ ,

20 - ISO Mz;-

160 - 50') MHz

500 - 1000 MHz
- b,e-

_- _

b,c_

*
!

I .

i

enos:1b-ostsee 89
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. . . . . _ . .

8.4.2 Keying Tests
A

System Performance Summary: .

.

Worst-Case Shif t in .

Frequency Band Analog Output Signals

_ _

20 160 MHz

160 - 500 MHz

500 1000 MHz b,c_ _

( l ,eb

B.4.3 Cabinet Modifications Recuired

Modifications were made to the Eagle 21* cabinet to improve system immunity -

to RF1. {
.

jb.c There modifications were made prior to the
recording of final data shown in tables B-4a and 5-4b.

,

4

-

S

S

$

4

e
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- TABLE 8-la

|RANDON NOISE TESTS
i

(, ANTENNA COUPLED)

__

Test Type of Test
Number i/0 Board Effect

_ _

N1 Partial Trip Output

NZ 10-50 mA Current Loop Output

N3 Digital Contact Output
NO, DC

N4 Digital Contact Ou'put
NO, SC

,
*

NS Digital Contact Outputg;
NC, DC

N6 Digital Contact Output

NC, SC
_

.
- b,c

A05 = Analog Output Signal Shifts DC = Open Circuit NO = Normally Open

TOF = Trip Output failures SC = Short Circuit NC = Normally Closed

. . - - . . - -

0720c:1b- 061688
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! TABLE 8-1b i

i- AC CROSSTALK NOISE ItSTS - OlATTERING RELAYS ;
e i
1 !

4 !

Test Type of Test i

Number I/0 Board Effect !

-.

N7 Partial Trip Output, Ant Co.

N8 Partial Trip Output, Dir Co. !
;

i N9 10-50 mA Current Loop Output Ant Co. ;

i

N10 10-50 mA Current Loop Output, Dir Co.

N11 Digital Contact Output, NO, OC, Ant Co. t
i

N12 Digital Contact Output, NO, SC, Ant Co. {
<n,

: c '- N13 Digital Contact Output, NO, Dir Co.
N

. N14 Digital Contact Output, NC, DC, Ant Co. !

: L

NIS - ital Contact Output, NC, SC, Ant Co. !

:

i _ _ b,c |
I i

i

AOS = Analog Output Signal Shifts DC = Open Circuit NO = Normally Open Ant Co. = Antenna Coupled !

! TOF = Trip Output Failures SC = Short Circuit NC = Normally Closed Dir Co. = Direct Coupled (
i i

t

i

1 !

,

,

,

;

\ $

i

0720c Tb-061688 . .

. . .



, . . . . .

- -. . .,
,

i

TABLE 8-1c !

DC CROSSTALK NOISE TESTS - CilAITERING RELAYS
[
!

!
Test Type of Test t

Number I/O Board Effect !
!

_ _ j
N16 Partial Trip Output, Ant Co. !

!

N17 Partial Trip Output, Dir Co. t

i

N18 10-50 mA Current Loop Output, Ant to f
?

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

N20 Digital Contact Output, NO, OC, Ant Co. *

!
,' N21 Digital Contact Output, NO, SC, Ant Co.

'

4 co
I a N22 Digital Contact Output, NO, Dir Co.

*
i

N23 Digital Contact Outrut, NC, OC, Ant Co. j

t

N24 Digital Contact Output, NC, SC, Ant Co.
- - b,c [

!
A05 = Analog Output Signal Shifts DC = Open Circuit NO = Normally Open Ant Co. = Antenna Coupled i
T0F = Trip Output Failures SC = Short Circuit NC = Normally Closed Dir Co. = Direct Coupled i

!

.

'
,

!
,

!

!

l

,

i

i i
1 |
)

'
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TABLE 8-Id
MILITARY SPECIFICAi!CW
NOISE S0llRCE #1 TESTS

(ANTENNA COUPLED)

Test
Test Type of

EffectI/O BoasdNu:rber
- --

N2% Partial Trip Output

N26 10-50 mA Current Loop Output

N27 Digital Contact Output, NO OC

N28 Digitai Contact Output NO, SC

Digital Contact Output, NC, DCN29

N30 Digital Contact Output, NC, SC
- b,c

A05 = Analog Output Signal Shifts DC = Open Circuit NO = Ncroally Open
SC = Short Circuit NC = Normally Closed

TOF = Trip Output failures

onoc !b-osissa
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TABLE 8-le [
MILITARY SPECIFICATION
NOISE $0tikCE F2 TESTS

!

(ANi[NNA COUPLED) '

.

;.

| Test Type of Test
| Nunber I/O Board Effect ;

i;
'

-- -

N31 Partial Trip Output

IN32 10-50 mA Current loop Output
+

i

N33 Digital Contact Output, NO, OC I<

; N34 Digital Contact Output, NO, SC ;

N35 Digital Contact Output, NC, OC I
, co ;
4 *

N35 Digital Contact Output, NC, SC l. -
m - - b,c

.

h!-
:r
r

OC = Open Circuit NO = Normally Open i

t SC = Short Circuit NC = Normally C1'sw
!

:

1

;

f

,

f-

,

6

r

|

0720c t b-061688
?
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IABLE 8-1f
IIIGli VOLTAGE TRANSIENT NOISE TESTS

(ANIENNA COUPLEP)

|

TestType of.

Test EffectI/O BoardNumber
_ _.

N37
Partial Trip Output

10-50 mA Current toop Output
N38

N39 Digital Contact Output, NO, OC

Digital Contact Output, NO, SCN40

N41 Digital Contact Output, NC, CC

Digital Contact Output. NC, SCN42a,
- - b,c

5
DC = Open Circuit NO = Normally Open

A05 = Analog Output Signal Shifts SC = Short Circuit NC = Normally Closed
10F = Trip Otaput failures

onoc.tb-osisss , ,
.
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TAHl.E 8-19
. STATIC NOISE TESTS

,

i
;

e

Test Type of Test
Number I/O Board Effect i

. __ _

N43 Partial Trip Output, Ant Co. ;

i
N44 .Partiai Trip Output, Dir Co. !

!

M45 10-50 mA Current toop Output. Ant Co. !
r i

!

N46 10-50 mA Current loop Output, Dir Co. !-

K47 Digital Contact Output, NO, OC, Ant Co.
:

N48 Digital Contact Output, NO. SC, Ant Co. ',:
a ,

*

M49 Digital Contact Output, NO, Dir Co. ,

"
! !.

N50 Digital Contact Output, NC, OC, Ant Co. |3

i

NSI Digital Contact Output. NC, SC, Ant Co.
- - b,c -

4 >
;-,

!

i
.

OC = Open Circuit HO = Normally Open . Ant Co. = Antenna Coupled ;'

SC = Short Circuit NC = Normally Closed Dir Co. = Direct Coupled j
.

4

.

!

i ,

'

.

j .

] ;

1

,

!
.
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tat",E 0-2a

. LI NE -t.R(7JND F &#11 TESTS

Test Voltage Type of test ttrects on

_No. Levet ' I/0 poard Cormect tons Ad}. Kent Channes s Damage
_

F1 125 VAC Current t<wo Out wit . 80-50 mA. ll t o *
,

F2 125 VAC Current loop thstgwst . 80 50 mA Il to -

. F3 125 VDC Current . tav Out emt . 10-50 mA * to +
F4 %25 VDC Cur rent t rue Out tml . 10-50 mA *to-
75 125 VDC Current t(we thstput . 10 ' O mA -to*
F6 125 VDC Current Zone Out gmt . 10-50 mA -to-
F7 250 VDC- Current 15=v Output. 10-50 mA *to*
F8 250 VDC Current t(we Output. 50-50 mA *to-

,

F9 250 VOC Cearrent tox, Out put . tO-50 mA -to+'

F10 250 VOC Current Lono Output. 10-50 mA -to-
Ftt 580 VAC Current torv Outmet , 10-50 mA to to *

F12 580 VAC C:grent texv Duttmt . 10-50 mA H to -
F 83 250 VDC Digital Contact Outrust. EM + to NO

* to NCF14 250 VDC Digital Contact Output . IN
F15 250 VDC Digi t a t . Cont act Out gmt . E N - t o NO

F16 250 YOC Digttan Contact Output. EN - t o NC

F t7 500 VAC Digi t a l Cont ac t Out pu t . [ N H t o NO
FtB $80 VAC Digital Contact Output. (N H to NC
F 19 125 VAC Parttal Trto Outg.ut. FM H to 3 0

F2O 125 VAC Parttal T r ip Out tmt . EN H to H1
* t o 1.0F21 125 VDC Parttal ir tp Out gmt . f N

.

os F22 125 VDC Parttal Trip Output. EN - to 10

4 F23 125 VDC Parttal 1rtp Culput. EN * to lit

m F24 125 VDC Part tal Trtp Output. EN - to HI

| *F25 250 VDC Parttal Trip Outpd . EN - to HI

1

i
I

'

!

ri

'

t

|
'

I i
1 *F 28i 250 VDC Parttal Trip Output. EN * to til

!
i
*

,

I-'
;

!
r

a

- - D=C fi
i

p

t
[

4

!

I !onoc.iirosissa .
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' T Ant i 8-7a t Ormt trment) ,

1IN6-6ROONo fAHOi if $15

Test Voltage Type of Test Etfects on
g ievei I/O Doard COnnettIons Artjacent Charmeis De

*F 27 250 *pC Pa*ttal ir lp Out gnet . tN * to 6 0

I*

! i
| |

! i

!

i
I

*F28 250 VDC Partlal i r t p Out gAst , EN - to LO

)

|- f
I F29 250 VDC Parttal f r to Out gmt . Dt M * to Hf
i F30 250 VDC. Partiak f r to Out put . f N * to HI ;

! om F31 250 VDC Partlat Tr to thst gmt . EM - to HI i
' F32 250 VDC Parttal Tric Out put . IM N - to HI

; to F33 250 VDC Parttal T r ip Out sm t . E N - to LO 3

5 FJ4 250 VDC Parttal Tr to Out get .14 N - to t O |

i F35 250 VOC Par t ta s Tr ip Out rust . E N + to t u
F36 250 VDC Parttal Tr to Out sast . Ot N * to to 3

i F37 SRO VAC Parttal Trto Output. (N H to LO |

j F39 500 VAC Partlal Tr to Out put , (K N H to 10
i F39 580 VAC Parttal trip Outtet, (N 81to HI |

IF40 580 VAC Parttal irto Output. DtN 61 to HI
- - D.C

!
1

f
i

* - Tests of or1giriai part IaI t r 9 p out gust teard destgre

EN = energ1 zed NO e Norsia1Iy Oport f
D[N * Deenergired NC = Norma 11y CIosed ;

!
'

i
!

!
!

!
l

?

ia

I
0770c:Ib- 061688
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tADtt 9-2D
ttNE-to-l.INE tt$t5

Test vottage Tyte of test t t rect s on
g ieret t/0 fkwerd Ce mnec t ims A41Jwent Channeis tw

F41 125 VAC Current tono Outpet. 10-50 saa te t o * . N t o -

F42 125 VDC Current toop outest . 10-50 una * to*.-to-

F43 125 VDC Current toop Outtwst. 10- M mA - to *. * to -

F44 250 VDC Current toop Output. 10-50 anA * to *. - to -

F45 250 VDC Current teve Outert. 10-50 s=4 - to*.*to-

F 4-6 580 vaC Cuerent tono Output. 10-50 saa H to *. N to -

to NC. - to CF47 250 VDC Dig t t a t Cont act Out put . T N *

F48 250 VDC D og s t a t Cont act Out tnet . I N - to NC. * to C
**F 49 580 VAC Digital Contact Outrut. EN H to NC N to C

F50 125 VAC ' Digitat Contact f%stgmst . EN H t o M). N to C
F51 125 VDC' Ot ot t a t Cont act Out put . EN * to NO. - to C
F52 125 VDC Digital Cont act Out put . E N - t o NO. * t o C
F53 250 VDC Dogt tal Contact Ost put . EN * t o M). - to C

cn F54 250 VDC Digital Cont act Oert gnst .: (M - t o esis. * to C

d, F55 580 VAC , Olgstal Cont act Out put . E M 94 t o Mt. N t o C
* t o M1, - t o Co F56 250 VOC Digit al Cont ac t Out put . Dt N

F57 250 VDC Digital Contact Output Df N - to NO. * to C
* *F 58 580 VAC Olg t t al Cont act Out put . DE N H to M). N to C

F59 125 VAC Ot g t t a t Cont act Out p.st . Ot N H to NC. N to C
t o NC. - t o CF60 325 VOC Digital Cont act Out rast . OF N *

F61 125 VDC Digi t al Cont act Ost put Dt M - t o NC. * t o C
t o NC. - t o Cf62 250 VOC Dig'tal Cmtact Astput. Of N *

F63 250 VDC Dtg t al Contact . Out psst . Of M - to NC. * to C
F64 580 VAC Digital Contact Out put . DE N 84 to NC. N to C
F65 580 VAC Digi t a t C<mt act Out otet . Di N 84 t o 84). N to C

- - D.c

0720c:1,b-061689
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T AIM E 8-71 t cent t rnsm1)
1. I N[ IO t_ INI IE$15

..

Test Voltage ? vita of test E f f ect s ori
O w n e(tStwts Artj irent Charret 5 Dag

Nrs. Levet I/O fkar<t

F66 560 VaC Otott al Cont act Ntpet . IN 64 t o NC. N t o C

F67 175 VAC rarttal t r ip thst est . IN 88to Hg. De to 10

F68 175 VDC' Parttal trip Outtujt. fN * fo Hl. - to (O
* t.) LO. - to HI

F09 125 VDC Partial t r ip Out pst . I N

F70 250 VOC Parttal Trip Outest. f(N * to 1.0 - to HI

* to ff t , - to IO
F71 250 VDC Parttal Trtp N t pst. tW N

to IH. - to HI
F72 2rd) VDC Parttal trip Nttmt. fN .

* to Hl. - tes 10
F73 2*.A) VDC Par t f a t t r ip Out tnet . IN

F74 580 VAC Partial f r tp Out est . Of M H to Ht. N to (O

9
su
e*

F75 500 V AC Parttal trip Outpst. (N H to HI, N to 4 0

circulted

D.c
-

-

--

" = t est s of or tginal dtglial crmt act ost est Doar et Des t tps
NO = W aatly Open

EN: ertergized NC * 79 /ma t I y C imm1
DE N : Dee<tergfred

0770c. Ib-064 688
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fi'tr. E G-3

SURCE UtIHST AND CAFLiitt (TV (SWC) TESTS

Test Test Type of fast Test

Pett Mrwte * /0 De mar *3 Cemes: t inns gffcct

~ ~

51 Ctw Digital Contact Output, EM tul/C

S2 TRANS Digital Crmtact Oistput,IN NO/C
S3 COM D agi e a t Cmt act Out put , tX N M)/C

h t a n Cmt act Out put . f4 N MUCS4 TRANS Ot t
55 CIMI Digttal Contact Out gust , f N NC/C
56 TRANS Digflat crmtact Output. FN M:/C

S7 Cons Digi 1a1 Cont an.t Out smet . N N NC/C
#

58 TRANS Digital Contact Output. t(N NC/C

S9 COM Digital Contact Output, EN MI/NC/C
5to COM dig 1 tai Contact OutInst . DE N M)/NC/C
Sit TRANS Digit al Contact Output. TN M UNC

St2 TRANS Digital Contact Dest put . tM N M UNC
513 COM PartIat ir ip Out gust . tN H/N

.514. TRANS l'ar t ial Trip Dutpst , IN It/N

S15 Cl#I Parttal ir to Outtust . Of N ll/N

S16 TRANS Parttat : r t o Out put . [4 N H/M
517 COM Current ionp Outoist, to <o mA */-

518 'IRANS Current t ote thst post . 10-50 mA */-

5:9 Ctwa Current tono outgmt, to- w mA +/-

$20 TRANS Current loop Output. 10 'A eta */-

$21 COW Wide Range Rin Ingsut v* v , t*, I-

$22 TRANS Wide Rafwp RID inpsst v*, V-

523 TRANS Witte Ranup Rf D Ingmt t+. I-

m $24 TRANS Wlde Stange Rf D Ingwst V+. I-

N S25 TRANS W1de Range RfD Input V*, 1+

S26 1RANS Wide Raewy RfD inewst v,t-

527 TRANS Wide Range RfD input V. 1*

S28 Cons Wide Range Rf D Inpst v+, v , 3+, I-

$29 TRANS Wide Range RID Input V+, y-

530 TRANS wide Range RfD Intw.st f+. T-

531 Com Harrow Range Af D Ingust v+. v , 1+. I-

532 TRANS Marrow Range StiD input V+, V-

533 TRANS Narrous Range RfD Input 3+, I-

*S34 Cogs Harrow Rarwp Rf D Ingest V+. V. t*, I-

" - - b,C
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5ttRGE WITH51AND CAPAnttITV ($wC) 10515

' Test Test f yre of fest Test
g skwje I/0 feard Connecttons tff.ct

_ _ 1

*535 TRANs edar r oes Rarw3e RID I rgmt V*. V-

*536 TRANS Nar roer Range RfD ingsst 1*. I-

537 CORE Naerom Ranga Rf D Ir4wst V*. V. I+. I-

539 TRANS Harrow Ranne RfD Irgwat V+. V-
539 TRANS Harrow Ranry Rf D f rgmt l*, 3-

*540 COW Marrow Range R f D t egnt v+V. !+, 3-
i

'541 TRANS Harroer Range RfD Input V*. V- )

*S42 iRANS Harroes Range Rif Irmest t*. I-.

I**543 COes warro- Range Rio input v+.V. t+. I-
L

544 Cons WR RfD O-1OV Inooit +/-
545 TRANS WR RTD O-IOV Input */-

1

546 CtDs Cowrent t reno irwmt , 10-50 mA. Je( t ts+/tt+
547 Ctme Corrent teve Irwmt. 10-50 mm. act 45+. Es+. (s. LI- ,

m 548 TRANS Current torx) Input. 10-50 mA. act L5 * . LS-
4 549 TRANS Current true input . 10-50 mA. act t 1 + . L. I -
w 550 TRANS Current teve Ingmt . 10-50 =A. act 4 5+. t t +

55 Ctat Current t <wv tegmt . 10-50 mA. pass tI+, tI-

557 1RANS Current L<w.c input. to 50 ma, pass t I * . t. 3 -

553 COW Current tewp Input. 4-70 mA. act tt+.It-
554 TRANS Current 1000 trumt. 4-20 mA. att (1+ L I-

555 CtD8 AC Ingmt . Catilnet l'o.ar to/N
556 IRANS AC Irvnst . Cabinet Power se/N

+557 TRANS Digital Cont ac t Out put . TN NC/C
+558 TRANS Digital C< wit act 0 stixst . (N N NO/C i

b,c )-
.

f

* = Tests performad at 60142 repet it ton rate |
** = Test performed at 50 HI repetitton rate [
+ - Ret ests regulred due to wwilf Scal tons earla durSno fault testing |

[
AOS: Analog Output Signal Shifts mi = +4ormatav Open (N = Energtred |
Tor : T r ip Out put F a t t ur es *sr-, - n,rmally Closa.1 (4 N - tWw rut tect i

A(ttve [L 5 * t ru p Surel y art -

tI * Iewe Input pass - l' ass t we
}

l
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T
ru
A
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~ ~ O.C

A05 - Analog Out put Signal Shifts
TOF = Trto Output Failures
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SECTION 9.

CONCLUSION-

,

'.
The Eagle 215 system performance satisfied the acceptance criteria stated in
section 7. The microprocessor subsystem maintained continuous operation while

subjected to the abncrmal events described in section 5.

Analog cutput signal noise coupled wire-to-wire or through the analog output
channel has no effect on the protective action of the plant protecticn system
since the Eagle 21' does not use analog cutput signals for prctection signal
transmission. Analog output signals are used as interf aces te the plant
::ntrel and monitcring equipment (e.g., corouter, post-acticent menitcrit;
system (F Av5)).

9.1 C15! TESTS
.

The prete:tive a:tien of the Eagle 21' system was not af fected by ncise-

injectec into er acjecent to class ncn-1E wiring. Analog output signal noise*

recordec was cou;ied wire-to wire er through the analog output channel.*

*
Fessible anatog cut:ut noise effects on plant class novlE systems and PWS
are summarized as f cilows:

.

o The AC ncise sources ( AC chattering relay, Mil-Spec noise source d)
generated noise spikes on the analog output signal. No change in the
ncminal D value of the analog output signal was recorded. These

noise spites will not affect slow responding monitoring equioment.

o Tne DC and high voltage transient noise sources produced a shif t in
the nominal DC value of the analog output signal of 0.5% or less,
Since the accuracy requirements of the plant monitoring systems are
large compared to the observed effect'., these effects are considered

.

min' mal .,

'.

*
.

5725c16-06 %4
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9.2 FAULT TESTS
.

The protective action of the Eagle 21'' system was not affected by the .-

Injection of credible f aults into the designated class non-1E to class IE '

1

isolators. Analog output signal noise recorded was coupled wire to wire and *2

.

consisted of a noise spike of 0.86% or less upon fault application. 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 W!iHSTAND CAPABILITY (SWC) TESTS

The protective action of the Eagle 21* system was not affected by the
a: Plication of the surge withstand test wave to the designated class non 1E to
class-1E isciatcrs. In addition, no ecmponent damage occurred and no chan;es

'

in channel calibrations were reccrded due to the application of the surge
withstand test wave to any cabinet input / output under test.

!
9.4 RADIO FRE0VENCY INTERFERENCE TESTS

.

.

The Eagle 21* system remained operational while exposed te radio frequency
'

interfe~rence (RFI) . Analog ircut/ output processing and protective action
,

functions aere affected but de istrated full recovery upon removal of the
RFl. To avoid pro'.ection system perturbations, Westinghouse recommends that .:

the Eagle 21* system equipment room (s) be * zoned" to prohibit the use of=
transceivers in the 20 700 MHz band. ,

E

.

e

1.

.

SPIDs 1D-OtitM

9-2
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'

APPENDIX A
'

PARTIAL TRIP OUTPUT BOARD SURGE WITH5TAND CAPABILITY ANALYSIS
!

* l

-.

|
*

.

:

Performed by: R. Nero, Westinghouse
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k'

During the fault testing portion of the avalification test for EAGLE-215, it
was ne:essary to modify the output circuitry of the [PT 1/0 board. Since the
modification did not aff>ct the portion of circuitry thot was dasigned to

,

handle high freawenty oscillatory surges, w 3WC tests (IEEI 472-1974) were -

not rerun on the EPT 1/0 board. .
,

The modification involved suppresser devices on the output. ( ),
_ _

.

. t
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e- ._
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.

- To substan'.iate the decision not to rerun the SWC tests (IEEE 472-1974) cn the
EPT 1/0 beard, analysis was performed with a circuit analysis program

3 ,g. .The analysis confirms that the passive surge network[
*

3
attenuates the surge well below the requirements. The analysis was run worst
case for both the common mode and differential mode surge conditions. Worst
case for both modes is that no MOVs are installed, all outputs are
deenergi:ed, and the outputs are not leaded.

__

.-- !

.

'. _C,,,,

'

.
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APPENDIX B.

EAGLE 21* SIGNAL CONDITIONING AND MICROPROCESSOR PRINTED CIRCULI BCARDS
,
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I B.1 Signal Conditioning Boards

B.1.1 Cagle Analog Input (EAl) Signal Conditioning Board*

,.

"

B.1.1.1 Functional Description-

_.
-

- -- _c

The EAI board is classified as 1E protectien grade e::vipment, but since it.

receives inputs from protection grade transmitters and supplies outputs to the.

. prctection grade locp processor suosystem, it is not a class 1E isolation
barrier.

.

I

=

.

.

.

.
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B.1.1.2 Performance Specifications

B.1.1.2.1 Analog Input Characteristics -- .

-
_ _

,
,
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a,

t
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B.1.1.2.2 Loop Supply Characteristics --

.

<
.

*
.

_ __
b,

B.1.1.2.3 Power Supply Requirements --

.

e

n

e
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O

- b,:

.

6

.

a

9

0720s 10 061644

B-5



. _ . . _ . . . . . . . _

B.1.2 Eagle RTD Input (ERI) Signal Conditioning Board

B.1.2.1 Functional Description
'

s

*
-

.-

.

.

.

'

_ _ c

The ERI boards are classified as 1E protection grade equipment, but sin:e they
_

'

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

.

a

'

.
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B.1.2.2 Performance Specifications
'

B.1.2.2.1 Analog Input Characteristics --
.

_.'

*
.

.

.

.

.

.

.

'

b,C-
-
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e
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B.1.2.2.2 RTD Reference Characteristics --
_

.,

..

*
.
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b,:

-B.1,2.2.3 Power Supply Requirements --

_ __
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B.1.3 Eagle Partial Trip (EPT) Signal Conditioning Board
.

B.1.3.1 functional Description-

,
,

- -

,
.-

. .

.

.

c. __

.

[The four EPT channels are fail-safe in that the failure of the loop pro:essor

- subsystem causes the channels to trip af ter a brief time-out period.)g In..

most applications, the EPT receives input signals from the class IE LPS and
- sends outout signals to the class 1E voting-logie systems (SSPS or relay
logic). In these applications it is not a class IE isolation barrier.
However the EPT has been classified as a class 1E isolation barrier for
possible future applications.

.

G

-

A

011043 9-061844
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B.1.3.2 Performance Specifications

B.1.3.2.1 Digital Output Characteristics --
.

.

'
.

.

.

.

.

+

.

_bc_

B.1.3.2.2 Power Supply Re:;uirements --

-

4

. @

- - b,C,
*

.

|

Ot20s teostsee
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|

B.1.4 Esele Contact Output (ECO) Sicnal Conditionino Board
.

B.1.4.1 Functional Description-

,

-_

,

.

_ _ C

2. Provides class 1E isolation between the protection cabinet and the
centrol systems that receive the contact signals

_

- - C

4

S

9

e

#

9

9

4

9

0

07W it-Him
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.

B.I.4.2 Performance Specifications

B.1.4.2.1 Contact Output Characteristics --
-r

.

.

*
.

.

.

.

.

_ b.c-
,

B.1'.4.2.2- Power Supply Requirements --

- _

b,c'-

*

.

B-12
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B.1.5 Eacle Analog Output (EAO) Signal Conditioning Board

-- B.1.5.1 functional Description
.

- _

.-
,

C- -

2. Provides class IE isolation for current loop signals sent to field
re:eivers such as control board indicaters and process control loops

- _

.

4

c
.

- -

.

9

.

|

.

,4-

4

.

,.

,
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B.1.5.2 Performance Specifications
.

B.1.5.2.1 Analog Output Characteristics --
*-

._
,,

, . -

.

.

.

.

.

- b,c-

B.1.5.2.2 Power Supply Requirements --
-

._

.

.

l
_ b,c ,--

|
'

,

0720s 16-MIW4
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B.2 Hieroprocessor Boards
.

B 2.1 Digital Filter Processor (DFP) Board'

,
,

* B 2.1.1 Functional Description-

-_.

G

G

G

e

e

e

6

e

W

e

- _ b,C_.
.

' 0720s 16-061444
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,.

_ _

.

*.

. -
,

c_ _

-B.2.1.2 Performance Specifications

B.2.1.2.1 Power Supply Requirements --

"

l

d,c- -

,

B.2.2 Analoc to Dicital Converter (ADC) Board

B.2.2.T Functional Description
'

- -._

0

C-

.

4

e

e.

4
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B-16

. _ _



. . .
_ _ _ _ _ .

-
_

.

.

.

-
.

._ b,e
_,

B.2.2.2 Performance Specifications

B.2.2.2.1 Compatibility --

_
-

.

4

.

.

_
_ b,:-

B.2.2.2.2 Power Supply Requirement ---

_ _

_ - b,C

.

e

S

e

D

.

8720s:1D-041644
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1

B.2.3 Loco Calculation Processor (LCP) Board
.

B.2.3.1 -Functional Description .

4

auseum
"

6

0

9

9

e

.
*

CImanagt -

.-

er

e

#

*
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B.2.3.2 Performance Specifications
.

B.2.3.2.1 Power Supply Requirements --.

,

_.

*
.

_bc

B.2.4 tee: Processor Subsystem Digital Inout/ Cutout (LPSDIO) Board

B.2.4.1 functional Description

-

.

.

.

9

e

e

.

.
-

- C
.

9

.

0720c 1D-061844
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.

.

.

.-

_ c

B.2.4.2 *erformance Specifications

B.2.4.2.1 Power Supply Requirements --

__ __

.

- b, e .-

.

B.2.5 Dicital-to-Analog Convertar (DAC) Board
.

B.2.5.1 Functional Description
.

--

c-

.

.

.

0720s t><Nitees
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-
_.

.

.

.-

-
.

-C,.,

B.2.5.2 Perforunte SpecifiCLtions

B . 2. 5. 2.1 Electrical Spe:ifications --

-

.

.

.

.

.

.

b,C
_

o
.

.

-

t .

|-.
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.--.

.

.

.

(-
.

,

_ _ b,e

B.2.5.2.2 Power Supply Re:;uirements

_

-.b,e
-

._

.

B,2,6 Loo:: Processor Subsystem Data Link Handler (DLH) Board .

8,2.6.1 Functional Description .

N

.

- C .'

.

O

0720el e061944

B-22

- _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ ____ _ _-____ ._ -



.. .

.- - __- - - ___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

_

.

.

.-

-
.

._ e

'
B.2.6.2 Performance Specificatien

B.2.6.2.1 Power Supply Requirement (as shipped) --

.

.

.

_ b,c
.

B.2.7 Tester Subs _ystem Data Link Handler (DLH) Board-

.

B.2.7.1 Fun:tional Description~

9

-- c. -

.

e

4

9

h h1
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.

4

.I
*
.

.

C- -

D . 2. 7. 2 Performance Specification

B . 2. 7. 2.1 Power Supply Requirement (as shipped) ~

.

- b.c- .

.

B.2.8 Test Se:uonee Processor (TSP) Board .

.

B . 2,8.1 Functional Description

-

o

4

e

$

.mo anus.

|. C

e n este w ens

. B-24
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'

B.2.S.2 Ferforman:e Specifications
.

.

B.2.8.2.1 Power Supply Requirements --
.

_ .--

e

bC
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B.2.9 High Precision Digital-to Analoo Converter (HPDAC) Board -

B.2.9.1 Functional Description .

,

-

*
.

|",

.

.

.

.

.

.

_, c

8.2.9.2 Performance Specifications -

B.2.9.2.1 Electr4 cal Specifications --

.

l

'

b,e
,

'

.

$ttoi19 061044

B-26'

|

_



-

.

d
*
.

*
.

1

i

I

j

._ d , c_
.

'

9. 2. 9. 2. 2 Poaer Supply Re::uirements
,

. -

4

!

.

b,c
_

B.2.10 Test Subsystem Digital Input / Output (TSD10) Board

B.2.10.1' functional Description

- . _

'

C_ _

*
- ,

t

.

9
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-

_ -

,

B.2.10.2 Performanca Specifications
,

..

B.2.10.2.1 Power Supply Requirements -'
-

.. _
.

l

- b,C-

e

o

O

e

e

e

4

*
i

e

4

6
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APPENDIX C
.

TEST PROCEDURES
.

.*

*
.

.

.

.

.

.

.

e

.

a

.

.

.

.
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JP0 111687 0 DATE REVISION NO.''
,.

'

11/16/87 0

-
.

NOISE TEST PROCEDURE

FOR

EAGLE 21 PROTECTION

SYSTEM

.

.

.

e

4

*
,

.

,

,

'

.
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:

.

o Adjustthehighadjustpotentiometersothatchannel i.

TE441A3 reads 618.261+/.375 Deg f on the MI. [.

.- ,

!

o Verify that the TAVG M1 reading equals 589.740 + .2 Deg f. [, . ,
Verify the following actual bistable output status: 1

TS/441C = Not Tripped

TS/441G = Not Tripped

TS/4410 = Not 1 ripped :

TS/441H = Not Tripped

TS/4420 Tripped I

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.- -

.

'

o Adjust the low adjust potentiometer so that channel
'

TE 441A3 reads 615.501+/. 375 Deg f on the P9t!. .

'
o- Verify that the Delta T MI reading equals 104.237 .3PU.

Verify the following actual bistable output status:

TS/1441C - Tripped

TS/1441G = Tripped

TS/1441D = Tripped

TS/1441H= Tripped

TS/14420=NotTripped
TS/1442G = Not Tripped

'

Obtain a printout of the Delta T/TAVG system analog
-

, inputs, analog test points and comparator information MMI
. screens.,

C-5
3137N:4
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.

;

o Open the manual switch input to the variable RTD board -

and record the results. Obtain Mil printout of analog
*

input infomation and record analog input / output readings ., ' l
via data logger printout.

,

*i,

2.2.3 Set the function generator output to the variable RTD board '

(seefigureB3)inthepositivesquarewavepulsemodewith
a 0 5 volt amplitude at .05HZ and a duty cycle of *

approximately 105.

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).

p

3.0 NOISE TEST PROCEDURE SE00ENCE
,

The noise test sequence described below will be followed for each none
test type specified in ".,ctions 4.0 through 8.0.

.

.

3.1 Protest
,

.

Obtain a data logger printout of ' normal" analog inp!st/ output and
digital output values. .

3.2 Disconnect data lo, y and verify ' antenna * connections and
configuration for each injection point per Attachment A.

3.3 Connect the noise 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 8.
|
|

3.4 Disconnect the data logger, close the recorder start switch, start
the tape recorder and record 2 minutes of pretest data. Simultane-

.

ously energize the 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
3137N:4
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JPD 111687 0 DATE REVISION NO.'
,

11/16/87 0
,

'
.

NOISE TEST PROCEDURE

FOR
~

EAGLE-21 PROTECTION

SYSTEM

t

.

.

.

'

-

-

.

'

.
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1.0 INTRODUCT108

This procedure details the electrical interference " noise * tests to be .'.

applied to the CAgle 21 protection system.
,

.

These test:: will consist of applying the following noise sources to the
antenna /non class IE wiring and measuring the effsets on system
input / output processing,

o Randsm Noise

o Crosstalk Noise
o Hil N19900 Noise
o High Voltage Transient Noise
o Static Noise

The test configuration is documented in Attachment B.

2.0 PREPARATION FOR TEST ,

.

2.1 Connect the field cabling to sensor simulation, load simulation, and .

. contact output loads per Attachments B, C and table 1-1. .

2.2 Obtain system baseline data: -

2.2.1 System baseline data will be taken to verify system
operation. Input voltage and current and resistance values
corresponding to 0 - 100% of scale in 25% increments and
record. Obtain Ptil 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 1911 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:
,

,

.

o Open the sanual switch input to the variable RTD board.

C-4

~3137N:4

.. - - , . . -.



o Adjust the high adjust potentiometer so that channel.

TE 441A3 reads 618.261+/ .375 Dog f on the MI,,

:

o Verify that the TAVG M1 reading equals 589.740 + .2 Deg f..,

Verify the following actual bistable output status:

TS/441C Not Tripped
TS/441G=NotTripped

TS/4410 Not Tripped
TS/441H = Not Tripped

TS/4420 Tripped

TS/442G = Tripped

Obtain a printout of the Delta T/TAVG system analog
'

inputs, analog test points and comparator information M I
screens.

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

'

Adjust the low adjust potentiometer so that channel*
o

'

TE 441A3 reads 615.501+/ .375 Deg i on the 21.

*

o Verify that the Delta T MI reading equals 104.237 .3PU.
Verify the following actual bistable output status:

TS/1441C = Tripped

TS/1441G = Tripped

TS/1441D= Tripped

TS/1441H Tripped-

TS/1442D = Not Tripped

TS/1442G = Not Tripped

'

Obtain a printout of the Delta T/TAVG system analog
,

, inputs, analog test points and comparator information ml
screens..

C-5
3137N:4
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1

o Open the manual switch input to the variable RTD board

and record the results. Obtain m i printout of antlog
input infomktion and record analog input / output readings .' -

.

via data logger printout.
.

2.2.3 Set the function generator output to the variable RTO board
(seefigureB3)inthepositivesquarewavepulsemodewith
a 0 5 volt amplitude at .05HZ and a duty cycle of
approximately 10%.

2.2.4 Close the recorder start switch and verify that th3 trip
output signals switch upon receipt of the function generator
switch signal (positive square wave pulse).

NOME T* ST PROCEDI/RE SE00ENCE3.0 t
,

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

,

3.1 Pratest
.

.

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

3.2 Disconr.ect data logger and verify ' antenna' connections and
configuration fer each injection point per Attachment A.

a

3.3 Connect the noise source and verify the readiness of the data
acquisition system. Enter identifyirg records in tape record r log i

andncisetestdatasheet(figure 1-6). Tc.11ow the test specific
instructions given in Sections 4 through 8.

3.4 Disconnect the data logger, close the recorder start switch, start
the tape recorder and record 2 minutes of pretest data. Simultane-

.

ously energize the 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
3137N:4
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I
i

i

lad /or trip outp9t rtatus failures. A trip culput status failure is
'

drfl.wd as a failure of a trip output r.ignal to switch upon reclipt' '

,

'
of the cwitch signal flom the test st4 tion. Remove thi noise source*

,.

; une open the event matter switch. Record 2 minutes of post test
* dua and open the record 9r start switch and stop the tape recordar.-

3.0 t)btain a dato logger printout and confirm system recovery by
corrpering to protest data. Record any discrepancies.

3.6 With the system confirmt.d to be in the pretest condition, proceed to
the nnxt test.

4.0 RANDE N0!!! TJJI

4.1 Connect the [ .)b,c random noesf: generator1

'

to the EN! 240L power amplifier 75 shnn in figure 1 1. Connect the
center condyctor of the power emplifier to one conductor of the

' '

antenna. Teru.nate the cbbinet end of the antenna to an unused
'

in'.er.161 block connection.,,

4.2 Follow the instructions given for antenna couoled tests given in,

Table'A 2u. Foll)W the test sequence uesc"lbed in Section 3 for
each chu.nel designtited in Table A 2a.,

5.0 faQSSTALXNolS[.lg.51

1 5.1- Connect the 125 v41t DC chattering relay to the antenna assembly as
shown in figure A-2a. Short the cabinet end of the antenna across

'

an unuseo terminal block connection. Terminate and load the non-lE

test cable as spec,ified in Table A-2a.

5.2 Follow the test sequence described in Section 3 for each channel
designated in Table A 2a..

~

.

5.3 Repeat 5.1 and 5.2 above using a ll8V AC chattering relay.*

*

(figure 1 2b),

C-7
3137N:4
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!
4

5.4 Disconnect the cabinet end of the antenna and ternliate across the
first set of terminals shown in Table A 2b. Disconnect the isolator -

wiring and short the wires specified in Table A42b. - !
,

5.5 Follow the test laquence described in Section 3 for each channel -
,

designated in table A*2b.

!

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

+

6.0 MIL N19900 N0jiLIljil

6.1 Conne:t " noise source l' to the antenna assembly as shown in figure
'l 3. Shtart the cabintt end of the antenna across an unused terminal
block connection. Terninate and load the non lE test cable as
specif ed in Tuile A 2a.

6.2 Follo- ne test sequence described in Section 3 for each channel *

des.p .sd in Table A+2a.
.

'

6.3 Repeat 6.1 and 6.2'above using " noise source 2.* (see figure 1 3)
,

7.0 EVRGE TRANSIENT GENERATOR
,

7.1 Connect the [ l surge generator and [b,c,

| Jc isolation network as shown in figure 14. Terminateb
! the cabinet end of the antenna across 150 ohms. Terminate and load
'

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

7.2 Follow the test sequence described in Section 3 for each channel

i designated in Table A 2a.
|:

.

.

.

'

.

i

! C-8
|- 3137N:4
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8.0 STATIC NOISE TEST
.

~

4* 8.1 Connect the 580 VAC static noise 501r e to the antenna assembly as
shown in figure 1 5. Terminate the cuoinet end of the antenna

~
'

across two separate (open circuit) unused terminal block '

connections. Terminate and load tat non ?f. test cable as specified
in Table A 2a.

8.2 Follow the test sequence des:rfbed in Sectian for coch channel
designated in Table A 2a.

t

8.3 Disconnect the cabinet end of tii antann and terminate acrocs the
first set of terminals shewn ir, table A 2b. Disconn<at the isolator
wiring at the termination frame and pt circuit '.nc wires as
specified in table A 2b.

8.4 Follow the test sequenct described ir Section 3 for each channel,

designated in table A 2b., ,

.

.

.

.

.

1

i

|

V
-

'

P.
-

.

-

.

|

|- C-9
313?N:4'
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_

'

s

.~

id

(See figure 5 3 of WCAP test report)

.

.

.

'

.

.

-

"Figure 1-1 Random Noise-Test Connections ,-
'

.

C-10
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.

*

.,

.
.

(See figure 5 4a of WCAP test report) .

,

Figure 1 2a Crosstalk Noise Chattering de Relay Test Connections
,

.

.

.

*

.

.

(See figure 5 4b of WCAP test report)

: t

.

P, Figure 1 2b Crosstalk Noise Chattering ac Relay Test Connections

'

,

! C-ll
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(See figure 5-5 of WCAP test report)

.

.

.

.

Figure 1 3 Military Specification Noise Sources .

.

.
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. .

;.

!-

*

t

.

(See figure $ 6 of WCAP test report)

.

.

.

.

d

.

i

b,
.-

Figure 1 4 High Voltage Transient Noise Test Cvilections.

,

'

.
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.

(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 (IE Safety Related System) is-

that the system shall maintain protective actions before, during and
after the injection of credible noise into or adja:ent to the class
non lE wiring.

.

.

.

.

.

|

.

.

! .

|

P-
\

-

*
.
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EAGLE 21 NOISE TEST REPORT
,

'

s

TEST TYPE / PROCEDURE NUMBER (REV)
*

OATE
*

NOISE INJECTION CHANNEL NUMBER / TAG NO.

DATA LOGGER PRINT 0UT .

(PRETEST / POST TEST)

BISTABLEPERFORMANCE(PASS / FAIL):

REMARKS /0BSERVATIONS: |
>

;

ANALOG OUTPUT PRETEST NOISE APPLIED

NAME/ TAG NO. DC VALUE P.P NOISE DC VALUE P.P NOISE 3QIX
.

*

PZRVAP/T454A

NRTEMP/T441L,

,

NR TEMP /T441K.

HR PRE /P4088

TAPE SET:

'

TAPE FOOTAGE:

.(PRETEST / TEST /POSTTEST)-
,

REMARKS /0BSERVATIONS:

.

n
,

PERFORMED BY/DATE:
*

'

.

Figure 1 6. Noise Test Data Sheet

"'
3137N:4

,
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ATTACHMENT A
*

NOISE INJECTION ' ANTENNA * CONNECTIONS
'

.

NOTE: The antenna for noise injection is to be a 40 feat. length of
unshielded, non twisted two conductor cable bundled to the non class

1E test cable. The class non lE test cable shall consist of a
non shielded twisted pair cable. The antenna and class non 1E
cabling is separated from the class !E cabling outside the protection
cabinet. The antenna, class lE and class non lE cabling are all
'undled together inside the protection cabinet. See figures B 1 andD

B 2 for antenna placement.

This attachment contains the following tables:
,

o Table A-la Noise Infection Field Connections.

(Antenna Coupled).

o Table A-lb - Noise Injection Field Connections.

(Direct Coupled)

.

*

.

.

'

.

C-19
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!

;
4

'

TABLE A-la
i
,

;
NOISE INJECTION FIELD CONNECTION (Antenna Coupled) ;

! ,

!

CONNECT N04-1E TEST CABLE TO
- CONNECT

Channel 1/0 Channel Terminal Terminal Isolator I/O Board LOAD TO
# Description Tag # Block Connection Type Location / MON-IE TEST

; Hi lo Sh Channel f CABLE

: 1. Bistable Partial Trip ITS/442G 13-M 1 2 Class non IE/IE 13T-10/1 40 Watt
i Is31ation Light Bulb

Barcier4

2. Analog Output IPY/408A 13-N 4 5 6 Class van IE/IE 13T-16/2 600 o ms
Isolation !,

'Barriern ,

3. Contact Output (No) ITY/441A 13-M 7 8 Class non IE/IE 13T-12/2 Open I
Isolation Circuit' I

3 Barr1Er f
1

i. 4. Contact Output (NC) ITY/441A 13-M* 7 8 Class non IE/IE 13T-12/2 Open
j- Isolation Circuit j

Barrier
i

5. Contact Output (No) TY/441A 13-N 7 8 Class non IE/IE 13T-12/2 Short [
Isolation Circuit !

{
Barrier

6. Contact Output (Mc) TY/441A- 13-M* 7 8 Class non IE/IE 13T-12/2 Short !
Isolation C*init !

Barrier
7

.

.

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

$
'

I

3137N:4' - - - f
'

*

. -
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, , , ,

- .: -
. .. .

,

4

I

i r
j 1

; TABLE A-lb "

[
] NOISE INJECTION FIELD CO MECTION (Direct, Coupled) !

.

i l
i

a

l DISCCMECT !
Channel I/O Channel' Terminal Co w et Isolator I/O Board WIRES AT !

: # Description Tag #' Block Actenna to Type location / TERMINATION !
j Hi to Channel # FRAME t'

r

i
t'

1. . Bistable Partial Trip ITS/442G 13-M 1 2 Class non IE/IE 13T-10/1 2, 3
'

Isolation
Barrier j

<
;

i 2. Analog Output IPY/408A 13-N 4- 5 Class non IE/IE 13T-16/2 5, 7 t

Isolation i

Barrier i
!

'

p 3. Contact Output ITY/441A' 13-M 7 8 Class non IE/IE 13T-12/2 5, 6 !
Isolation [

~

t Barrier :

i.
'

!

i

'

:

'
s'

|
'

|
.

- s.

t

!
'

! I

i

}

i. |
1117N A |
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w

-

,

ATTACHMENT B_ , _

FIELD C9NNE?il0NS AND SIMULATION
".: ;

i

This attachment contains the following figures: '
,

s

,

o Figure B-1 Noir,eTestSetup(AntennaCoupled)
o Figure B2 Noise Test Setup (Direct Coupled)
o Figure' B 3 Strip Chart Recorder / Function Generator Connections
o Figure' B-4 4 50 mA Tran'smitter
o Figure B-5 Wide Range Resistance Temperature Detector
o Figure B-6 Harrow Range Resistance Temperature Detector
o Figure F-7- 10-50 mA Current Loop Output Monitoring
c 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 include.1 as.part of-

the' final test-report..

Drawina Descriol.12n Drawina Number /Rev.-

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

Protection Set 4
.

Process Contrel Block Diagram, 108D408 sh. 10, rev. 11

Delta T/T Systemgyg

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

Process Control Block' Diagram, 1080408 sh. 38, rev. 4:.

Pressurizer Liquid / Vapor Temp.
,

. ..

'

C-23
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Process Control Block Diagram, 108D408 sh. 39, rev. 5i

PRR Pump Discharge Temp

'

:
Process Control Block Diagram, 10BD408 sh. 43, rev. 1

RCS Wide Range Pressure .-

Eagle-21 Schematic Diagrams, 1856E69 sh. 2, rev. 2

Rack 13 Protectio' Fat 4

.

.

. .

'

.

'

.

.

.'
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i

.

"

:

*
.

..

t

(See figure 5-1 of WCAP test report)

.

.

.

.

.

4

4

~

Figure B-1 Noise Te e Setup (Antenna Coupled)-

~

.
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4

"

:

-
.

(See figure 5-2 of WCAP test report)

.

.

.

.

-

.

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

.

*

.
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;

,

'

-
,

. .

.

.

"

.

.

.

4

C*

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

.

.

.

.

1

Figure B-4 4-50 mA Transmitter ,!

.

'

!
!

i.
1
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.

!

*

?

*
.

(See figure 6-5 of WCAP test report)

.

.

.

.

I

- Figure B-S Wide Range Resistance Temperature Detector (RTD).

~

.
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*
.

~
.

(See figure 6-6 of WCAP test report)

.

.

9-

.

Figure B-6 Narrow Range Resistance Temperature Detector
,

.

, .

,
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,

.

.-
,

(See figure 6-7 of WCAP test report)

- .

9

4

..

Figure B-7 10-50 mA Current Loop 0utput Monitoring*

.

'

.
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.-

(See figure 6-9 of WCAP test report)

.

.

4

.

Figure B-8 Contact Octput Monitoring ,

.'
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*
.

-
.

(See figure 6-8 of t! CAP test report)

.

.

.

.

Figure B-9 Partial Trip Output Monitorir,;
,

.

O
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ATTACMENT C

TRANSIENT DATA RECORDING SYSTEM CONNECTIONS.

. .
,

=. . ,

-This attachment contains the following:

o Table C-1 = Tape Recorded Data

o Table C-2 Data Logger Recorded Data ,

o ~ Table C-3 Strip Chart Recorded Data

.
,

.

v.

..

5;

-

' . .

*
,

,
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_

l

TABLE C 1
TAPE RECORDED DATA

.

! Channel- Recorded- Tag Terminal Terminal Buffer
# Signal- # Block Connection Amplifier .,

'

Hi Lo Sh Gain
~

,

I

~1. . Bistable Partial Trip ITS/442D 13M 3 4 .05

2. Bistable Partial Trip ITS/442G 13 M 1 2 .05

3. Bistable Partial "tip ITS/441C 13-L 1 2 .05-
4. Bistable Partial Trip ITS/441D 13-L 3- 4 .05

5. Bistable Partial Trip ITS/441H -13-L 7 8 .05

6. 31 stable Partial Trip ITS/441G 13 L 5 6 .05y--s

7.. Contact Output ITY/441 13-M S 6 .02

8. Analog Output E/I ITY/454A 13-G 4 5 6 10

9. Analog Output E/I~ ITY/441L 13-r, 7 10 11 -10

10. Analog Input 1/E IPY/450Q * 10
'

11. Analog Output E/I ITY/441K 13-K 1 -4 5 10

12. Analog Input I/E IPY/408 * 20 .

13. Analog Output-E/1 .IPY/408B 13-N 7 8 9 10

14. Function Generatnr.519.-N/A .05** .

.
.

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

** Monitor function generator output signal. -See figure B-3.

.

h-

.

t

L C-36-
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TABLE C-2
DATA LOGGER RECORDED DATA-

.

Channel Recorded Tag Tertninal Terminal
# Signal # Block Connection*

-

Hi Lo Sh

6. Analog Input E/E INY/441B 13-C 1 2 3

7. Analog Input E/E INY/4 0 A 13-C 4 5 6

9. Contact Output ITY/441 13 M 5 6

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

22. Analog Output E/l ITY/ MIL 13.P 10 11 12

23. Analog Output E/l ITY/4b4A 13 6 4 5 6

24. Analog Output E/I ITY/441K 13-P 7 8 9

25. Analog Output E/l ILY/5028 13 K 1 4 5

Analog Output E/I IPY/408B 13-N 7 8 1126. -

27. Analog Output E/l ILY/503B 13-K 7 10 11

35 Analog Input 1/E IPY/458Q *

36 Anahg Input 1/E ILY/502 *'

37 Analog Input 1/E ILY/503 *

'

38 Analog Input 1/E IPY/408 *

.

*

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

.

-
.

'

.
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TABLE C 3
STRIP CHART RECORDED ,.4

Channel Recorded Tag Terminal Terminal Buffer ***
# Signal # Block Connection Amplifier .

Hi Lo Sh Gain

1. Function Generator Sig. N/A ** .05

2. Bistable Partial Trip ITS/442D 13M 3 4 .05

3. Bistable Partial Trip ITS/442G 13 M 1 2 .05

4. Bistable Partial Trip ITS/441C 13-L 1 2 .05

5. Bistable Partial Trip ITS/4410 13 L 3 4 .05

6. Bistable Partial Trip ITS/441H 13 L 7 8 .05 .

7.- Bistable Partial Trip ITS/441G 13 L 5 6 .05

8. Analog Input E/E INY/441B 13-C 1 2 3 2.0 '

9. Contact Output ITY/441 13-M S 6 .02

10. Analog Output E/I ITY/454A 13-G 4 5 6 10
'

11. Analog Cutput E/l ITY/441L 13 K 7 10 11 10

12. Analog input 1/E IPY/458Q * 10 -

13. - Analog Output E/I ITY/441K 13-K 1 4 5 10 .

14, Analog Input 1/E IPY/408 * 20
*

15.- -Analog Output E/l IPY/408B 13-N 7 8 9 10
'

16. Ana'iog_ Input E/E. INY/441A- 13-C 4 5 6 2,0

.=

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

*** Adjust buffer amplifier and/or strip chart recorder bias controls to
obtain approximately mid-scale readings for analog input / output signals |

and fulliswing for digital output signal O to 1 transition.

~
-

*

.

^
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a

JPD 111697-1 DATE REVISION NO. ,

11/16/87 0 ,

*
.

..
.

c

FAULT TEST PROCEDURE

FOR

'

EAGLE-21 PROTECTION
.

SYSTEM ,

\

.

<

.

.

*
|

|
I

,

|

'l

!

!

'

.-
,

.

. .

!
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l

1.0 Itil/40El1Qti

Yris ;2r' .cdure details the electrit.a1 fault tests to be applied to the
Eagle 21 protaction spaum. ,.-

These tests vili censist of appl.ying fault voltages to the Eagle-21 ..

systea. ist.latio, device,s. Testr are sumarized by isolator board type
belt.w:

LINE TO GROUND

FAULT TEST PERFORMED

ildatorBoard Faults Aeoligd

Part;al Trip Output, Energized 125 Vde, 125 Vac, 250 Vde, 580 Vac

Partial Trip Output, Deenergized 250 Vde, 580 Yac

Digiths Contact Output, NO, Enert.ized 250 Vde, 580 Vac

Digital Contact Outtaut, NC, Energized 250 Vde, 580 Vac

Current Loop Output 125 Vac, 125 Vde, 250 Vde, 580 Vac

'

LINE TO LINE

FAULT TESTS PERFORMED

isolator Board Faults Aeolied

Paitial Trip Output, Energized 125 VAC, 125 Vde, 250 Vde, 580 Vac

Partial Trip Output, Deenergized 250 Vde, 580 Vac

Digital Contact Output, NO, Engergized 125 Vac, 125 Vde, 250 Vde, 680 Vac

Digital Contact Output, NC, Engergized 250 Vde, 580 Vac

Digital Contact Output, NO, Deenergized 250 Vde, 580 Vac

Digital Contact Output, NC, Deenergized 125 Vac, 125 Vde, 250 Vde, 580 Vac
Current Loop Output 10-50 mA 125 VAC, 125 Vde, 250 Vde, 580 Vac

The test configuration is documented in Attachment B. .
,

.

C-40
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2.0 PREPARATION FOR Till

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

2.2.2 Set signal inputs per table 1-1. 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:

.

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

o Adjust the high adjust potentiometer so that channel*

TE-441A3 reads 618.261+/ .375 Deg f on the t1MI.
.

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

TS/441C - Not Tripped
TS/441G - Not Tripped
TS/441D = Not Tripped

TS/441H = Not Tripped

TS/4420 = Tripped

TS/442G = Tripped

4

^

.
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'Obtain a printout of the Delta T/TAVG systes analog
inputs, analog test points and comparator information MI

_ ,

screens.

. -}
o Close-the manual switch input to the variable RTD board. ;

.. . :

o Adjust the low adjust potentiometer so that channel
TE-441A3 reads 615.501+/ .375 Dog-f on the m 1.

o Verify that the Delta T MI reading equals 104.237 .3PU.
Verify the following actual bistable output status: ;

:j

I!

h iS/1441C - Tripped I

TS/1441G = Tripped
)

TS/1441D - Tripped

TS/1441H = Tripped-
,

TS/1442D = Not Tripped

18/1442G - Not Tripped

'

Obtain a printout of the-Delta T/TAVG Jystem analog
-inputs, analog test points.ar6d comparator information MI

,

screens.
,

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

.and record the results. Obtain M I printout of analog
input information and record analog input / output readings,

.

via data logger printout.
.

2.2.3 53t the function senerator' output to the variable RTD board
,

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

approximately 10%.

; 2.2.4 Close the recorder start switch and verify that the trip
p output signals switch upon receipt of the function gener. tor .-

switch signal (positive square wave pulse).
4 .

,

I
p
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3.0 FAULT TEST PROCEDURE SE0VENCE

The fault test sequence described below will be followed for each

,

isolator board type specified in Sections 4.0 through 6.0.

3.1 Pretest*

.

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

3.2 Disconnect data logger and verify " antenna" connections and
configuration for ea:.h injection point per Attachment A.

3.3 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.

3.4 Disconnect the data logger, close the recorder start switch, start
' the tape recorder and record 1 minute of pretest data. Disconnect *

the test station from the channel under test. Simultaneously

energize the fault voltage source and close the event marker
,

switch. Record 1 minute of data with the fault voltage source
applied. Observe the strip chart recorder and record any analog,

output signal deviations 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 fault voltage source and open' the event marker
switch. Reconnect the test station to the channc! under test.
Record 1 minute of post test data and open the recorder start switch
and stop the tape recorder.

3.5 Obtain a data logger printout and confirm system recovery by
comparing to pretest data. Record any discrepancies. If channel
under test or adjacent channels are inoperable and damaged followinga

,

fault application, channel (s) must be repaired. Record all
.
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component and/or board (i.e. blown / damaged PC track) repairs
required to return channel under test or adjacent channel to
operation. If. board |is damaged see note in Appendix A for guidance.

,,

3.6 .If the fault voltage source breaker is tripped the fault test is -

invalid.- Increase-the fault voltage source breaker current rating .;

'Iand repeat the test.
1

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

4.0 CURRENT LOOP OUTPUT BOARD TEST

4.1 Configure the [ l .c transformer as a 125.VACb
fault . voltage source (figure 1-1). Monitor the channels designated>

per tables-C-la, C-2a and C-2b.

4.2 Connect the transformer secondary hot lead to the terminal
connection of the EAO channel under test as specified in table
A-la. Connect.the transformer secondary neutral lead'to the -

primary neutral. ' Ensure that this connection is earth ground
-(third prong of the AC power feed).

..

4.3 Follow the test sequence in sectior 3 for each test specified in
~

table A-la for the EA0 channel under test.
,

4.4 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).

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

~

A-lb.

4.6 Follow the test sequence in section 3 for each test specified in ~c

table A-lb for the EA0 channel under test. -

.

.
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4.7 Connectthe{ )b,c DC power
supply as a 125 VDC fault voltage source (figure 1-?).

4.8 Connect the DC power supply positive and negative leads to the
,

' terminal connection of the EA0 channel under test as specified in
table A-2a,

,
,

4.9 Follow the test sequence described in section 3 for each test
specified in table A-2a for the EA0 channel under test.

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

4.11 Follow the test sequence in secti< 3 for each test specified in
table A-2b for the EA0 channel v test.

4.12 Connect the ( l ,c DC powerb
supply as a 250 VDC fault voltage source (figure 1-2).

.

4.13 Connect the DC power supply positive and negative leads the
ter:ainal connection of the EA0 channel under test as specified in*

table A-3a.*

~ 4.14 Follow the test sequence described in section 3 for each test
specified in table A-3a for the EA0 channel under test.

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

4.16 Follow the test sequence in section 3 for each test specified in
table A-3b for the EA0 channel under test.

4.17 Configure the [ )b,c transformer as a 580 VAC,

fault voltage source (figure 1-3).-

'.

C-45 i
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9

4.18 Connect the transformer secondary het lead to the terminal !

connection of the EA0 channel under test as specified in table
A 4a. Connect the transformer ssurdary neutral lead to the
primary neutral. Ensurethatthisconnihionisearthground .,

(third prong of the AC power feed).
- 1'

,.I

4.19 Follow the test sequence described in section 3 for each test
specified in table A 4a for the EA0 channel under test. !

!

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

4.21 -Connect the transformer secondary hot ai,d neutral leads to the
terminal connection of the channel under test as specified in table I

A-4b.

4.22 Follow the test sequence in section 3 for each test specified in
table A 4b for the EA0 channel under test.

5.0 DIGITAL CONTACT OUTPUT BOARD TEST
.

5:1- Configure the [ ]b,c transformer as a 125 VAC
'

fault voltage source (figure 1-1). Monitor the channels designated
per table C-lb, C-2b, C-3b.

,

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

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

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

.

!
'

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

.'

5.6 Follow the test sequence in section 3 for each test specified in
'

table A-2b for the ECO channel under test.-

5.7 Connect the [ ]b,c OC power
supply as a 250 VOC fault voltage source (figure 1-2).

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

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

5.10 Connect the DC power supply positive and negative terminal leads to
the terminal connection of the channel under test as specified in

,

table A-3b.

5,11 Follow.the test sequence in section 3 for each test specified in,

table A-3b for the ECO channel under test.
.

5.12 Configure the [ J ,c transformer as a 580 VACb
'

fault voltage source (figure 1-3).

5.13 Connect the transformer secondary hot lead to the terminal
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 pow e feed).

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

,

~

.
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'

5.15 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).

,
, ,

5.16 Connect the transformer secondary hot and neutral leads to the ,;
,

terminal connection of the channel under test as specified-in table
A-4b.

5d7 Follow the test sequence in section 3 for each test specified in
.

table A 4b for the ECO channel under test. *

6,0i ARTIAL TRIP OUTPUT B0hRD TESTP

6.1 Configure the ( l ,c transformer as a 125 VACb
fault voltage source (figure 1-1). Monitor the channels designated

~

per tables C-Ic, ' C-2c, C-3c.

6.2 Connect the transformer secondary hot lead to the terminal
: connection of the EPT channel under test as specified in table
A la. Connect the transformer secondary neutral lead.to the
primary neutral. Ensure that this connection is earth ground -

(third prong of the AC power feed). -

-6.3 Follow the te / equence in section 3 for each test specified in '

. table A-la fo'r che EPT channel under test.
I

6.4 Disconnect the transformer secondary neutral / primary neutral
' connection. Verify that the secondary neutral is not connected to

'

earth ground (third prong of AC-power feed).

6.5 - Connect' the transformer secondary hot and neutral leads to the,

terminal connection of the channel under test as specified in table
,

-- A- l b .

*

.

,'.

1

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

6.7 Connect the [ ]b,c DC power
'

-

supply as a 125 VDC fault voltage source (figure 1-2).
.

6.8 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.

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

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

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

,

6.12 Connect the [ ]b,c DC power.

supply as a 250 VDC fault voltage source (figure 12)..

6.13 Connect the DC power supply positive and negative lead the terminal-

connection of the EPT channel under test as specified in table A 3a.

.

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

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

6.16 Follow the test sequence in section J for each test specified in
. Table A-3b for the EPT channel under test.*

'.
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-6.17 Configurethe'[ J ,c transformer as a 580 VACb
fault voltage source (figure 1-3).

"6.:3 Connect the transformer secondary hot lead to the terminal -

'

Lconnection of the EPT channel under test as specified in table
-

'

.

A-4a. Connect- the. transformer secondary neutral lead to 'he '
.

primary neutral.. Ensure that this connection is earth gr.und
(third prong of the-AC' power

.
. .

ied).

-6.19 Follow the . test sequence described in section 3 for each test ,

specified in table A-4a for the EPT channel under test.

t

'6.20 Disconnect the transformer secondary neutral / primary neutral
connection. Verify that the-secondary neutral is not connected to '

earth ground (third _ prong-of ACLpower feed).

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

.

6.22 ' Follow the: test sequence in section-3 for each test specified in ..

~ table A-4b.for the EPT channel under test. >

-

.-
-

.

t

'

.

~

~
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:N

- .

(See figure 5-9 of WCAP test report)

.

.

.

.

*
Figure 1-1 Transformer 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 .
,

.

.
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' !

'

\

|

:
'

.
,

- .,

:
I

,

(See figure 5 10 of WCAP test report)

.

9

.

.

.

.

.

I

1

l '

|
lo
1 Figure 1-3 Transformer Connection for the 580 V/,C Fault Source-

l
:.

.
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7.0 ACCEPTANCECRITER[A

7.1 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 the application of credible fault voltages.
Faults shall not propagate across the Class non lE to class 1E isolation
barrier or from channel to channel.

.

.

.

.

.'
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1/0 Module Procedure Rev.
Date
Test #

*
.

11P.i
*

SHORT CIRCULI , AC , , DC -

COMMON H0DE GROUND CONNECTED TO VOLTS PLUS MINUS GROUND

LINE TO LINC VOLTS + TO + +)TO -)
TO + -) TO -)VOLTS -

__

TEST INJECTION POINT TEST CONDITION

1/0 CARD TYPL PolHT f

PRE-TEST

DATA LOGCER V RIFir.ATION* PRINT OUTPUT f

SYSTEM STATV',

REKARKS AND TEST OBSERVATION

DISCONNECT DATA LOGGER .

TEST
,

TAPE RECORDER FOOTAGE BEGIN END SET # .

SPEED TIME: (STAR 1): (STOP):

SYSTEM STATUS: .

REKARKS AND TEST OBSERVATION
_

POS1 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 alterna*' channel must be chosen for
testing. The Data Recording System Connections. Appendix C must be
modified to ensure that Channels adjacent (left, right, top, bottom)
to the channel under test are monitored. Record in a 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 tables:

1

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

' o Table Aelb 125 VAC Line to Line Fault Connections
,

o Table A-2a - 125 VDC Line to Ground Fault Conntetions
.

o Table A 2b 125 VDC Line to Line Fault Connections

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

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

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

o Table A 4b 580 VAC Line to Line Fault Connections

t
,

,

! C-5'
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TABLE A-la !

125 VAC LINE-TO-GROUND FAULT CONNECTIONS

L

L

Connect Transformer Secondary
llot Lead To i

I/O Board
~

Channel I/O Channel Terminal Isolator Location / l

i Description Tag # Block Connection Type Channel i i

i

Bistable Partial Trip 1T5/441C 13-L 1 Class non IE/IE 13T-9/1* 's.

(EPT), Energized Isolation
Barrier |

7

* 2. Bistable Partial Trip ITS/441C 13-L 2 Class non IE/IE 13T-9/I !
(EPT), Energized Isolation !

Barrier [
o

*

t

0, 3. Current Loop Output ITY/441N 13-R 5 Class non IE/IE 13T-14/4 |*
(EAO) Isolation i

Barrier |

4. Current loop Output ITY/441N 13-R 4 Class non If/IE 13T-14/4 !

(EAO) Isolation *

'
Barrier

i

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

;

|

i

i
,
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TABLE A-Ib

125 VAC LINE-TO-LINE FAULT CONNECTIONS

I/O Board
Channel I/O Channel Terminal Connect Transformer Isolator Location /
7 Description Tag i Block to Connections Type Channel 7

* 1. Bistable Partial Trip ITS/441C 13-L I 2 Class non IE/IE 13T-9/1(EPT) Energized IsoLition
Barrier

2. Current Loop Output ITY/441N 13-R 4 5 Class non IE/IE 13T-14/4
(EAO) Isolation

Barrier

3. Digital Contact Output ITY/441A 13-M 7 8 Class non IE/IE 13T-12/2n
3, (ECO), Energized, NO Isolation

Barrieru>

4. Digital Contact Output ITY/441A 13-M** 7 8 Class non IE/IE 13T-12/2(ECO), Deenergized NC 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.

4301N:4



TABLE A-2a

125 VDC LINE-10-GROUND FAULT CONNECTIONS

I/O Board
Channel I/O Channel Terminal Isolator Location /

# Description Tag # Block Positive Negative Type Channel f

* 1_ Bistable Partial Trip ITS/4410 I3-L I G Class non IE/IE 13T-9/I
. Isolation(EPT), Energized Barrier

* 2. Bistable Partial Trip ITS/441C 13-L 2 G Class non IE/IE 13T-9/1
i Isolation(EPT), Energized Barrier

3. Bistable Partial Trip ITS/441C 13-L G I Class non IE/IE 13T-9/1*
Isolation

5) (EPT), Energized Barrier;;
* 4. Bistable Partial Trip ITS/441C 13-L G 2 Class non IE/IE 13T-9/I

Isolation(EPT), Energized Barrier

5. Current Loop Output ITY/441N 13-R 4 G Class non IE/IE 13T-14/4
Isolation

(EAO) Barrier

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

* Disconnect function generator input to v'ariable RID channel (figure B-1) and use manual switch to control
partial trip output condition during fault application.

43,0lN:4, ,, , ,
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TABLE A-2a (Continued) ;

i.

125 VDC LINE-TO-G10UND FAULT CONNECTIONS !;.
! |
'

l.

1

I/O Boarti i
i- Channel I/O . Channel Terminal Connect DC Power Supp1f Isolator Location / |

f Description Tag # Block Positive. Negative Type Channel # ;,

i

i
6. Current' Loop Output ITY/441N 13-R 5 G Class non IE/IE 13T-I4/4 |,

(EAO) Isolation ;

Barrier
,

,

'

7. Current loop Output ITY/441N 13-R G 4 Class non IE/IE 13T-14/4-

(EAG) Isolation 1

Barrier |
i

:- ? 8. Current Loop Output- ITY/144N 13-R G 5 Class non IE/Ir 13T-14/4
'

! S (EAO) Isolation !
!. Barrier

|
{' !

i
| G - Earth ground (third prung of AC power feed) j

i
'

!
; i

!
'

l

! !

i
e

!.
1

} !
: i

, i
) I
i f

i*

I

$
t,

, ;

j 430lN:4 |
- .. _ . .. - . - . .- . .. . .. -. . .. . . _ ,



= ~ .
.

____

TAB 7E A-2b
'

125 VDC LINE-TO-LINE FAULT CONNECTIONS

!

I/O Board
' Channel I/O Channel' Terminal Connect DC Power Supply Isolator Location / 1

# Description Tag i Block Positive Negative Type Channel # J

* 1. Bistable Partial Trip; ITS/441C 13-L I 2 Class non IE/IE 13T-9/I
Isolation'

(EPT) Energized Barrier

* 2. Bistable Partiai Trip ITS/441C 13-L 2 I Class non IE/IF 13T-9/1'

Isolation(EPT) Energized
Barrier

3. Current Loop Output ITY/441N 13-T 4 5 Class ncn IE/IE 13T-14/4|
'

Isolation
7 (EAO) Barrier
[

'

11Y/441N 13-R 5 4 Class non IE/IE 13T-Is/4
4. Current loop Ouiput Isolation

(EAO) Barrier

5. Digitai Contact Output ITY/441A I3-M 7 8 Class non IE/IE 13T-I2/2
Isolation(ECO), Energized,NO
Barrier

* D! connect function generation input to variable RID 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. .

4301N:4
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TABLE A-2b (Continued) i

i

125 VDC LINE-TO-LINE FAULT CONNECTIONS

d
-

1/0 Board !

Channel I/O Channel Terminal Connect DC Power Supply Isolator Location /
# Descr;ption Tag # Block- Positive Negative Type Channel f - j

:
1

6. Digital Contact Output ITY/441A 13-M** 7 8 Class non IE/IE 13T-12/2
i (ECO), Deenergized, NC Isolation ;

Barrier i
9

7. Digital Contact Output ITY/441A 13-M 8 7 Class non IE/IE 131-12/2 |
(ECO) Energized, NO Isolation i

Barrier i

h 8. Digital Contact Output ITY/441A 13-M** 8 7 Class non IE/IE 13T-IR/2 |
(ECO) Deenergized, DC Isolation !

""

8arrier ,

;

j

i4

i

** Move wire terminated on 13-T-12-6 to 13-T-12-7 to test NC configuration
'

!

i !

I 5

?

$ ?
'

i

h

!

,

i t

N h
? |
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! TABLE A-3a I

250 VDC LINE-TO-GROUM) FAULT CONNECTIONS ;.

_ _ _ _

i I/O Board ;
i Channel I/O . Channel Te minal Coro ct DC Power Supply Isolator Location /

'f Description Tag # B1ock Positive.. Negative Type Channel f |
! !

I* 1. Bistable Partial Trip ITS/441C 13-L 1 G Class non IE/IE 13T-9/1|

| (EPT)' Energized Isolation
| Barrier ;
t

* 2. Bistable Partial Trip ITS/144C 13-L 2 G Class non IE/IE 13T-9/1 |
(EPT) Energized Isolation !

Barrier
| j

* 3. Histable Partial Trip ITS/441C 13-L G 1 Class non IE/IE 13T-9/1?
| g (EPT), Energized Isolation
:- Barrier

i
* 4. Bistal,le Partial Trip ITS/4410 13-L G 2 Class non IE/IE 13T-9/1 ;:

4 (EPT), Energized Isolation !
Barrier;

* 5. Bistable Partial Trip ITS/441C 13-L 1 G Class non IE/IE 13T-9/1 i
: (EPT),Deenergized Isolation !

Barrier !

* 6. Bistable Partial Trip ITS/441C 13-L 2 G Class non IE/IE 13T-9/1-

| (EPT),Deenergized Isolation |
Barrier [,

! I

!' I
' !

G - Earth Ground (third proeg of AC powar feed)
|

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

[ partial trip output condition duririg fault application. |
!

! 430lN:4 !
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TABLE A-3a (Continued)
1

250 VDC LINE-TO-GROUND FAULT CONNECTIONS

-

j Channel I/O Channel Terminal Connect DC Power Supply Isolator locationf
I/O Board

f Description Tag i Block Positive Negative Type Channel #

i* 7. Bistable Partial Trip ITS/441C 1L G 1 Class non IE/IE 13T-9/1 !(EPT) Deenergized Isolation !

Barrier i

* 8. Bistable Partial Trip ITS/44 C 13-L G 2 Class non IE/IE 13T-9/1(EPT) Deenergized Isolattun
Barrier

9. Current loop Oatput ITY/441N 13-R 4 G Class non IE/IE 13T-14/4
,

(EAO) Isolation
Barrier

S 10. Current loop Output ITY/441N 13-R 5 d Class non IE/IE 13T-14/4(EAO) Isolation ;

Barrier
II. Current loop Output ITY/441N 13-R G 4 Class non IE/IE 13T-14/4(EAO) Isolation i

Barrier !

12. Current loop Output ITY/441N 13-R G 5 Class non IE/IE 13T-14/4(EAO) I olation
tBarrier "i

I
t

6

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 contro? '

partial trip output condition during fault application.

430lN:4 (
'

I
._ _ _ _ _ _ _ _ _ _ _ _



- _____

o s

_

TABLE A-3a (Coatinued)

250 VDC LINE-TO-GROUND fat!LT CONNECTIONS

_ ._
_

I/O Board

Channel I/O Chann:1 Teminal Connect DC Power Supply Isolator Location /
# Description Tag # Block. Positive Negative Type Channel #

__

13. Olgital Contact Output ITY/441A 13-M 7 G Class non IE/IE 13T-12/2
Isolation(ECO), Energized,NO Barrier

14. Digital Cont &ct Output ITY/441A 13-M G 7 Class non IE/1E 13T-12/2
Isolation(ECO), Energized,NO
Ba rier

15. Digital Contact Output ITY/441A 13-M** 7 G Class non IE/IE I31-12/2
n Isolationa (ECO), Energized,NC

Barrier*

16. Digital Contact Output ITY/441A 13-M** G 7 Class non IE/IE 3T-12/2
Isolation(ECO), Energized,NC
Barrier

i

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

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

410lN:4
,
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TABLE A-3b

250 VDC LINE-TO-LINE FAULT CONNECTIONS
-

I/O Board .

Channel I/O Channel Terminal Connect DC Power Supply Isolator locatica/ I

# Description Tag i Block Positive Negative Type Channel i

* 1. 31 stable Partial Trip ITS/441C 13-L I 2 Class non IE/IE 13T-9/1
Isolation(EPT) Energized Barrier

* 2. Bistable Partial Trip ITS/144C 13-L 2 I Class non IE/IE 13T-9/1
Isolation(EPT) Energized Barrier

* 3. Bistable Partial Trip ITS/441C 13-L 1 2 Class non IE/IE 13T-9/1
>n Isolation

in (EPT),Deenergized Barrier"

* 4. Distable Partial Trip ITS/441C 13-L 2 I Class non IE/IE 13T-9/1
Isolatica(EPT),Deenergized Barrier

5. Current Loop Output ITY/441N 13-R 4 5 riass non IE/IE 13T-14/4
Isolation

(EAO) Barrier

6. Current Loop Output ITY/441N 13-R 5 4 Class r.on IE/IE 13T-14/4 |
Isolation

(EAO) Barrier

* Disconnect function generation.fecut to variable RID channel (figure B-1) and use manual switch to control
partial trip output condition curing fault application.

I

)430lN:4 i
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TELE A-3b (Continued)

f
250 VCJ LINE-TO-LINE FAULT CONNECTIONS

i
I/O Board

Channel I/O Channel Terminal Connect DC Power Supply Isolator Location /

f Description Tag # Block Positive Negative Type Ci'annel #

7. Digitai Contact Output ITY/441A 13-M 7 8 Class non IE/!E 13T-12/2
Isolation

(ECO) Energized, NO Barrier

8. Digital Contact Output ITY/144A 12-M** 7 8 Cl as non IE/IE 13T-12/2
Isolation

(ECO) Deenergized, NC Barrier

9. Digital Contact Output ITY/441A 13-M 8 7 Class non IE/IE 13T-12/2
Isolation

(ECO), Energized,NO Barrier
?
$ 10. Digital Contact Output ITY/441A 13-M* 8 7 Class ncn IE/IE 13T-12/2

Isolation
(ECO) Deenergized, NC Barrier

11. Digital Contact Output ITY/441A 13-H 7 8 Class non IE/IE 13T-12/2
Isolation

(ECO),Deenergized,NO Barrier

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

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

430lN:4
~
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TABLE A-3b (Continued)
'

250 VDC LINE-TO-LINE FAULT CONNECTIONS .

I/O Board

Channel I/O Channel Terminal Connect DC Power Supply Isolator location /

# Description Tag # Block Positive Megative Type Channel #

12. Digital Contact Output ITY/441A 13-M** 7 8 Class non IE/IE 13T-12/2
Isolation

(ECO) Energized, NC Barrier
'

13. Digital Contact Output ITy/144A 13-M 8 7 Class non IE/IE 13T-12/2
Isolation

(ECO) Deenergized, NO Barrier

S' 14. Digital Contact Output ITV/441A 13-M** 8 7 Class non IE/IE 13T-12/2
Isolation

S3 (ECO), Energized,NC Barrier

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

l

| 430lN:4
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TABLE A-4a ,

f

580 VAC LINE-TO-GROUND FAULT CONNECTIONS

Connect Transformer I/O Board !
Channel I/O Channel Terminal Secondary Hot Lead to Isolator location /_ i

,
'

# Description Tag # Block Connection Type CFannel #
'

I

'
i * 1. Bistable Partial Trip IT5/441C 13-L 1 Class non IE/IE 13T-9/1 -

(EPT) Energized Isolation !
Barrier |

!
2. Bistable Partial Trip ITS/144C 13-L 2 Class non IE/IE 13T-9/1*

(EPT) Energized Isolation
Barrier

* 3. Bistable Partial Trip ITS/441C 13-L 1 Class non 1E/IE 13T-9/1 {
(EPT),Deenergized Isolation in

L Barrier
o

* 4. Bistable Partial Trip ITS/441C 13-L 2 Class non IE/IE 13T-9/1i
(EPT),Deenergized Isolation |

Barrier }
i

5. Current Loop Output ITY/441N 13-R 4 Class non IE/IE 13T-14/4 [
(EAO) Isolation ~

'

Barrier
r

4

6. Current Loop Output ITY/441N 13-R 5 Class non IE/IE 13T-14/4 !

(EAO) isolation
,

i Ba.rier i

i |
4

i

i

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

i>

#

I
'

430lN:4
j. . . . .
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TABLE A-4a (Continued),

i 580 VAC LINE-TO-r. " FAULT CONNECTIOPC
|

Connect Transformer I/O Board
Channel I/O Channel- Terminal Secondary Hot Lead to Isolator tocation/

'

;

# Description Tag # Block Connection Tipe Channel #

7. Digital Contact Output ITY/441A 13-M 7 Class non IE/1E 13T-12/2
(ECO) Energized, NO Isolation r

Barrier j

8. Digital Contact Output ITY/144A 13-M** 7 Class non IE/IE 13T-12/2 i
(ECO) Enen3 red, NC Isolation :1

Barrier
f

c, __
- "

M .

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

|
.

,

1

i -

|

|
?

'

!

'

!

!
|

|
4 :

| !

!
'

i

i

430lN:4 i
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TABLE A-4b
'

580 VAC LINE-T0-LINE FAULT CONNECTIONS
: ,

I/O Board i
; Chrnnel I/O Channel Terminal Connect Transformer Isolator location / !

# Description Tag i Block to Connection Type Channel # !'

!
:

* 1. Bistable Partial Trip ITS/441C 13-L 1 2 Class non IE/IE 13T-9/1 ,

(EPT) Energized Isolation |
Barrier |

~

.

* 2. Bistable Partial Trip ITS/I44C 13-L 1 2 Class non IE/IE 13T-9/1 I
!(EPT) Deenergized Isolation

Barrier !
'

i
'

j 3. Current Loop Output ITY/441N 13-R 4 5 Class non IE/IE 13T-14/4
! (EAO) Isolation ,

? Barrier !
'

% !
4. Digital Contact Output ITY/441A 13-M 7 8 Class non IE/IE 13T-14/4 |,

(ECO), Energized,NO Isolation !

Barrier
,

2
'

5. Digital Contact Output ITY/441A 13-M** 7 8 Class not IE/IE 13T-12/2
(ECO),Deenergized,NC Isolation.

- Barrier

. 6. Digital Contact Output ITY/441A 13-M 7 8 Class non IE/IE 13T-12/2
| (ECO),Deenergized,NO Isolation

Barrier ;
4 >

; 7. Digital Contact Output ITY/441A 13-M** 7 8 Class non IE/IE 13T-12/2 '

(ECO) Energized, NC Isolation !

Barrier !

I
* Disconnect function generation input to variable RfD channel (figure B-1) and use manual switch to controt :

partial trip output condit^on d. ing fault application.
[

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

i

[

* -. . .

_ --
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ATTACHMENT B

FIELD CONNECTIONS AND SIMULATION |

.

See test procedure JPD lll687 0 figures B 3 through B 9 for input simulation j
'

'' and input / output monitoring connections.-

C' binet 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.

Drawina Descrietion Drawina 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/T System
AVG.

-

Process Cbntrol Block Diagram, 108D408 sh, 34, rev. 8

W.R. S.G. Level.

Process Control Block Diagram, 108D408 sh. 38, rev. 4

Pressurizer Liquid / Vapor Temp.

Process Control Block Diagram, 1080408 sh, 39, rev. 5

RHR Pump Discharge Temp

Process Control Block Diagram, 108D408 sh. 43, rev. 1

RCS Wide Range Pressure

Eagle 21 Schematic Diagrams, 1856E69 sh. 2, rev. 2-
.

Rack 13 Protection Set 4
.

C-73
430lN:4
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ATTACHMENT C

TRANSIENT DATA RECORDING SYSTEM CONNECTIONS

.. ,

*
.

This attachment contains the following:

o Table C.la Tape Recorded Data, Current loop Output Test
o Table C-lb Tape Recorder Data, Digital Contact Output Test
o Table C-1c Tape Recorder Data, Partial Trip Output Test

o Table C-2a Data Logger Recorded Data, Current Loop Output Test

o Table C 2b Data Logger Recorder Data Digital Contact Output Test
o Table C 2c Data Lo3ger Recorder Data, Partial Trip Output Test

o Table C 3a Strip Chart Recorded Data, Current Loop Output Test.

o Table C-3b Strip Chart Recorder Data Digital Contact Output Test
o Table C-3d Strip Chart Recorder Data, Partial Trip Output Test-

.

.

I

*
.

".
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TABLE C la
TAPE RECORDED DATA. CURRENT LOOP OUTPUT TEST

'

Channel Recorded Tag Terminal Terminal Buffer *

f Signal # Block Connection Amplifier '

Hi Lo Sh Gain ..:

1. AnalogOutputE/l ITY/441L 13 P 10 11 12 10

2. Analog Output E/l ITY/503A 13 J 10 11 12 10

3. Analog Output E/l ITY/502A 13 J 7 8 9 10

4. Analog Output E/l ITY/441Q 13 S 1 2 3 10

5. Analog Output E/l ITY/441G 13 H 1 4 5 10

6. Antlog Output E/l ITY/441F 13-J l 4 5 10

7. Analog Output E/l ITY/502B 13 K 1 4 5 10

8. Analog Output E/l ITY/442C 13 F 9 11 12 10

9. Analog Output E/l ITY/441M 13 R 1 2 3 10

10. l.nalog Output E/I ITY/441P 13-R 7 8 9 10

11. ,tnalog Output r ! ITY/442G 13 G 1 2 3 10s
12. Analog Output E/l ILY/503B 13 K 7 10 11 10

13. Analog Output E/l ITY/441E 13 H 7 10 11 10
'

14. Analog Output E/l ITY/454B 13-F 1 2 3 10
.

..

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

** Monitor function generator output signal. See figure B 3.

l

.

*

.

! C-76
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TABLE C lb
TAPE RECORDEQ QATA. DIGITAL CONTACT OUTPUT TEST

.

Channel Recorded Tag Terminal Terminal Buffer
# Signal # Block Connection Amplifier

'

Hi Lo Sh Gain-

1. Bistable Partial Trip ITS/4420 13 H 3 4 .05

2. Bistable Partial Trip ITS/442G 13 M 1 2 .05

3. Contact Output ITY/441C 13 M 11 12 .02

4. Contact Output ITY/4410 13 M 9 10 .02

5. Analog Output E/l ITY/441G 13 H 1 4 5 10

6. Analog Output E/I ITY/441F 13 J l 4 5 10

7. Contact Output ITY/441 13 M 5 6 .02

8. Analog Output E/l ITY/442C 13 G 1 2 3 10

9. Analog Output E/l ITY/441E 13 H 7 10 11 10

10. Analog Output E/l ITY/441H 13 P 1 2 3 10

11. Analog Output E/l ITY/442G 13 G 1 2 3 10

12. Analog Output E/l ITY/441J 13 P 4 5 6 10
,

13. Analog Output E/l ITY/441E 13 H 7 10 11 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.

Note: For ECO test move EPT board and termination frame wiring from T-10 to
T-ll.

-
,

*
.

C-77
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TABLE C lc

TAPE RECORDED DATA. PARTIAL TRIP OUTP.UT TEST ,.

Channel Recorded Tag Terminal Terminal Buffer .

# Signal # Block Connection Amplifier
Hi Lo Sh Gain

1. Bistable Partial Trip ITS/441G 13 L 5 6 .05

2. Bistable Partial Trip 1T5/442D 13 M 3 4 .05

3. Bistable Partial Trip ITS/442G 13 M 1 2 .05

4. Bistable Partial Trip 1T5/441C 13 L 1 2 .05

5. Distable Partial Trip ITS/4410 13 L 3 4 .05

6. Bistable Partial Trip ITS/441H 13 L 7 8 .05

7. Analog Input 1/E IPY/408 * 20

8. Analog Output E/l IPY/40BB 13 N 7 8 9 10

9. Analog Input 1/E IPY/458Q * 10

10. Analog Output E/l ITY/441G 13 H 1 4 5 10

11. Analog Output E/l ITY/442G 13 G 1 2 3 10
,

12. Analog Output E/l ILY/503B 13 K 7 10 11 10

13. Analog Output E/l ITY/441E 13 H 7 10 11 10
,

14. Function Generator Sig. N/A ** .05
,

.

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

.

*
.

%

*

.

s
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TABLE C 2a
*

OATA LOGGER RECORDED DATA. CURRENT LOOP f0TPUT TEST*

. Channel Recorded Tag Terminal Terminal
# Signal # Block Connection

Hi Lo Sh

6. Analog Input E/E INY/4418 13-0 1 2 3

7. Analog Input E/E INY/441A 13 C 4 5 6

21. Analog Output E/l ITY/441L 13 P 10 11 12

22. Analog Output E/I ITY/441M 13-R 1 2 3

23. Analog Output E/l ITY/442C 13 F 9 11 12

24. Analog Output E/l ITY/442G 13 G 1 2 3

25. Analog Output E/l ITY/441G 13 H I 4 5

26. Analog Output E/l ITY/441E 13 H 7 10 11

27. Analog Output E/I ITY/441F 13 J l 4 5

28. Analog Output E/l ITY/441P 13 R 7 8 9

29. Analog Output E/l ITY/441Q 13 5 1 2 3.

30. Analog Output E/l ITY/502B 13 K 1 4 5

31. Analog Output E/l ITY/503A 13-J 10 11 12.

32. Analog Output E/l ITY/502A 13 J 7 8 9.

33. Analog Output E/l ITY/503B 13 K 7 10 11

34. Analog Output E/I ITY/454B 13-F 1 2 3-

35 Analog loput 1/E IPY/4580 *

36 Analog input 1/E ILY/502 *

37 Analog Input 1/E ILY/503 *

38 Analog Input 1/E IPY/408 *

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

*
.

'.

C -7 9
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TABLE C 2b
DATA LOGGER RECORDED DATA. DIGITAL CONTACT OUTP_QL.11ST

*
'

Channel Recorded Tag Terminal Terminal *

f Signal # Block Connection
Hi lo Sh -

6. Analog Input E/E INY/441B 13 C 1 2 3

7. Analog Input E/E INY/441A 13 0 4 5 6

9. Contact Output ITY/441 13 M S 6

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

11. Contact Ousput ITY/441C 13. M 11 12

12. Contact Output ITY/441B 13 M 9 10

22. Analog Output E/l 11Y/441E 13 F 5 6 7.

23. Analog Output E/l ITY/442C 13 F 9 11 12

24. Analog 'utput E/l ITY/442G 13 G 1 2 3

25. Analog Output E/l ITY/441G 13 H 1 4 5

26. Ana.vg Output E/l ITY/441E 13 H 7 10 11

27. Ant.vg Output E/l ITY/441F 13 J l 4 5

28. Analog Output E/l ITY/441H 13 P 1 2 3

29. Analog Output E/l ITY/441J 13 P 4 5 6

35. Analog Input 1/E IPY/4580 *

~

36. Analog input 1/E ILY/502 *

37. Analog Input 1/E ILY/503 *
,

'
38. Analog Input 1/E IPY/408 *

;
.

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

*
.

t
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TABLE C-2c. --

y

DATA LOGGER RECORDr.D DATA. P ARTIAL TRIP OUTPUT TEST

Chann:1 Recorded Tag Terminal Terminal
f!f!t. # Signal # Block Connection

Hi lo Sh-

;q --

) i Analog Input E/E INY/4410 13 C 1 2 3

D, 7. Analog Input E/E INY/441A 13-C 4 5 6

21. Analog Output E/I ITY/441L 13-P 10 11 12

(O 22. Analog Output E/l ITY/441M 13-R 1 2 3
'

i.. Analog Output E/I IPY/408B 13-N 7 8 9

24. Analog Output E/l ITY/442G 13-G 1 2 3

25. Analog Output E/l ITY/441G 13-H 1 4 5 -

'
'

26. Analog Output E/l ITY/441E 13-H 7 10 11

27. Analog Output E/l ITY/441F 13-J ' 4 5

28. .. log Output E/I ITY/441P 13-R 7 8 9

29. Analog Output E/I ITY/441Q 13-S 1 2 3

30. Analog Output E/I ITY/502B 13-K 1 4 5
, ,

31. Analog Output E/I ITY/503A I? J 10 11 12
*

32. Analog Output E/I ITY/502A 13-J 7 8 9
,

33. Analog Output E/1 ITY/ 03B 15 K 7 10 11,

34. Analog Out, E/l ITY/454B 13-F 1 2 3

35 Analog Input 1/E IPY/458Q *
.

'
36 Analog Ir.put 1/E ILY/502 *

37 Analog I- ILY/503 *
,

38 Analog Inv t 1/E IPY/408 *

.

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

*

,
,

,

C-81

430lN:4



. _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ - _ _ _

.

TABLE C-3a
*

STRIP CHART RECORDED. CURRENT LOOP OUTPUT TEST *

Channel Recorded Tag Terminal Terminal Buffer'** *
.

# ' Signal # Block Connection Amplifier
Hi Lo v Gain

..

1. Analog Output E/l ITY/454B 13-F 1 2 3 10

2. Analog Output E/I ITY/141L 13-P 10 11 12 10

3. Analog Output E/l ILY/503A 13 J 10 11 12 10

4. Analog Output E/I ILY/502A 13-J 7 8 9 10

5. Analog Output E/I ITY/441Q 13-S 1 2 3 10

6. Analog Output E/I ITY/441G 13-H 1 4 5 10

7. Analog Output E/I ITS/441F 13-J l 4 5 10

8. Analog Input E/E INY/441B 13-C 1 2 3 2.0
9. Analog Output E/I ILY/502B 13-K 1 4 5 10

10. Analog Output E/I ITY/442C 13-F 9 11 12 10

11. Analog Output E/I ITY/441M 13-R 1 2 3 10 .

12. Analog Output E/I ITY/441P 13 R 7 8 9 10

13. Analog Output E/I ITY/442G 13-G 1 2 3 10 .

14. Analog Output E/I ILY/503B 13-K 7 10 11 10 .

15. Analog-Output E/I ITY/441E 13-H 7 10 11 10

16. Analog Input E/E INY/441A 13-C 4 5 6 2.0 -

* Measur(- Ourrent 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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.

TABLE C-3b
*

STRIP CHART RECORDED. DIGITAL CONTArT 0UTPUT TEST-
-

. Channel Recorded Tag Terminal Terminal Buffer ***
# Signal # Block Connection Amplifier

Hi Lo Sh Gain
.

1. Function Generator Sig. N/A ** .05
'

2. Bistable Partial Trip ITS/,42D 13 M 3 4 .05

3. Bistable Partial Trip ITS/442G 13 M 1 2 .05

4. Contact Output ITY/441C 13-M 11 12 .02

5. Contact Output ITY/441B 13-M 9 10 .02

6. Analog Output E/l ITY/441G 13-H i 4 5 10

7. Analnq Output E/l ITY/441F 13-J l 4 5 10

8. Analog Input E/E INY/441B 13-C 1 2 3 2.0
9. Contact Output ITY/441 13-M 5 6 .02

10. Analog Output E/l ITY/442C 13-G 1 2 3 10

11. Analog Output E/I ITY/441E 13-H 1 2 3 10.

12. Analog Output E/I ITY/441H 13-P 1 2 3 10
'

13. Analog Output E/l ITY/442G 13-G 1 2 3 10

?4. Analog Output E/l ITY/441J 13-P 4 5 6 10.

15. Analog Output E/l ITY/441E 13-H 7 10 11 10

16. Analog Input E/E INY/441A 13-C 4 5 6 2.0
,

-

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

** Monitor function generator output signal. See t wure 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 O to 1 transition.

*
.

'.
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TABLE C 3c

STRIP CHART RECORDED PARTIAL TRIP OUTPUT TEST
''

.

Channel Recorded Tag Terminal Terminal Buffer *** .-
# Signal i Block Connection Amplifier

Hi Lo Sh Gain

1. Function Generator Sig. N/A ** .05

2. Bistable Partial Trip ITS/441G 13-L 5 6 .05

3. Bistable Partial Trip ITS/4420 13-M 3 4 .05

4. Bistable Partial Trip ITS/442G 13-M 1 2 .05

5. Bistable Partial Trip ITS/441C 13-L 1 2 .05

6. Bistable Partial Trip ITS/441D 13-L 3 4 .05

7. Bistable Partial Trip ITS/441H 13-L 7 8 .05

8. Analog Input E/E INY/441B 13-C 1 2 3 2.0

9. Analog Input I/E IPY/408 * 20

10. Analog Output E/l IPY/408B 13-M 7 8 9 10

11. Analog Input I/E IPY/458Q * 10
.

12. Analog Output E/I ITY/441G 13-H 1 4 5 10

13. Analog Output E/I ITY/442G 13-G 1 2 3 10 .

14. Analog Output E/I ILY/503B 13 K 7 10 11 10 .

15. Analog Output E/I ITY/441E 13-H 7 10 11 1,0

16. Analog Input E/E INY/441A 13-C 4 5 6 2.0 .

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

Monitor function generator output signal. See figure B-3.**

Adjust buffer amplifier and/or strip chart recorder bias controls to***

obtain approximately mid-scale readings for analog input / output signals
and full swing for digital output signal O 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-21 protection system.
,,

,

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

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

o Partial Trip Output (enorgized and deenergized conditions), class
non-1E/IE isolator

o Current Loop Output 10-50 mA, class non-lE/1E isolator
o Current Loop Input-(4-20 mA, 10 50 mA, with and without loop power

supply)

o WR RTD Input

o WR RTD Input _(0-10 volt application)
,

o NR RTD_-Input

o Cabinet AC power feed
.

:

~

.:

The test configuration is documented in Attachcents B and C..

.

2.0 PREPARATION FOR TEST

2.1 Connect the field cabling to sensor simulation, load simulation, and

__

contact output loads per Attachments B, C and table 1-1,
:

2.2 Obtain system baseline data:

2.2.1 System baseline data will be taken to verify system

| -operation. Input voltage and current and resistance values
'

corresponding to 0 - 100% of scale in 25% increments and
record. Obtain El printout of analog input _information and '

.

record analog _ input / output readings via data logger printout.
.'

i C-86 i
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l

2.2.2 Set signal inputs pe- 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-Il1687-0 as a reference, adjust the

variable RTD channel per the following procedure:'
-

o Open the manual switch input to the variable RID board,

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

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

TS/441C = Not Trip'ed
TS/441G = Not 1 ripped

TS/4410 - Not Tripped
TS/441H = Not Tripped

,

TS/4420 - Tripped
TS/442G = Tripped

,

.

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

screens.

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

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

o Verify that the Delta T MMI reading equals 104.237 .3PU.
Verify '+a following actual bistable output status:

,
'(S/1441C = Tripped

TS/1441G = Tripped
*

TS/1441D = Tripped.

TF,'1441H = Tripped

4284N:4
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,

15/1442D --Not Tripped

TS/1442G = Not Tripped ,

.:
Obtain a printout of the Delta T/TAVG system analog.
inputs, analog test points and comparator information MMI *;'

screens.

,

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

-- 2.2.3 ' Set the function generator output to the variable RTO board
(see figure B-3 in Noise Test Procedure JPD-ll1687-0) in the
positive square, wave pulse mode with a 0-5 volt amplitude at
.05HZ-and a-duty cycle-of approximately 107..

2.2.4 .Close the recorder start switch and veri.fy that the trip'

,

output signals switch upon receipt of the function generator
switch signal (positive square wave pulse). .

.

3.0. SVC TEST-PROCEDURE SE0VENCE

#

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

L3.=1- Pretest--

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

3.2L -Disconnect data logger.- Configure the [

]b,c and[ ]b,c is lation network as chown.
in figure-.1-3 -Set _the surge generator at 120 HZ repetition rate, -

~

. 3.3'KV crest voltage and timed output with a 3 second duration.
.

e

C-88

}4284N:4'

w
'

'

e - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . _ _ _ _ _ _ _ _ _ _ _ .



______ _

>

3.3 Connect the isolation network line out connection to the channel
unoer test and verify the readiness of the data acquisition system.

o. Enter identifying records in tape recorder leg and surge test data
sheet (figure 1-4). Follow the test specific instructions given in
sections 4 and 5.'

-

3.4 Disconnect the data logger, close the recorder stsrt 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 a trip output signal to switch
upon receipt of the switch signal from the test station. Record 2

minutes of post test data. Open the re: Order start switch and stop
the tape recorder.

.

3.5 Obtain a data logger printout and confirm system recovery by
,

comparing to pretest data. Record av discrepancies. Record any
,

~

component damage incurred.

.

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

4.0 COMMON MODE SWC TEST
.

4.1 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,

i

4.2 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 isolation network..

C-89
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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 channel
designated in Table A-la.

5.0 TRANSVEME MODE SWC

5.1 Connect the [ J ,c isolation network line andb
terminal to the designated terminal block connections as specified in
Table A lb. Use hcok up wire to make connections and minimize lead
length.

5.2 Connect the surge generator "High" output to surge transient irGut 1 of
the isolation network. Connect the surge generator " Low" output to
surge generator transient input 2 of the isolation network.

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

ground.

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

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

6.0 ACCEPTANCE CRITERIA

6.1 Description

The acceptance criteria for the Eagie 21 (IE 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-lE to class 1-E isolators. In addition, no component damage or
change in channel calibration shall occur due to the application of the SWC ,'

test wave to any cabinet input / output excluding the test panel and MMI
communication connection.

4284N:4
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i

..

-
.

-
.

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

i

.

.

9

.

.

Figure 1-1 Comon Mode SWC Test Connections.

.

.
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.

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

.

.

4

!
.

l

)

~|Figure 1-2 Transverse Mode SWC Test Connections ;-

i

.

| -

i
i

.
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't

-
.

*
..

(See figure 5 12c of WCAP test report)

.

.

..

.

.

.

'' Figure 1-3 Block Diagram of SWC Test-

',

.
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SURGE TEST DATA SHEET

Procedure Rev. .-
DATE
TEST #

9 ,

TYPE

TRANSVERSE MODE

COMMON H0DE

TTST INJECTION POINT _ I/O CARD TYPE POINT #

PRE-TEST

DATA LOGGER VERIFICATION PRINT GUTPUT t

SYSTEM STATUS:

REMARKS AND TEST OBSERVATION

DISCONNECT DATA LOGGER -

101
'

TAPE RECOR0ER FOOTAGE BEGIN END SET #
,

SYSTEM STATUS:

'

REMARKS AND TEST OBSERVATION

,
.

EQST-TEST

DATA LOGGER DATA VERIFICATION * PRINT OUTPUT #

SYSTEM STATUS:

REMARKS AND TEST OBSERVATION

,O

PERFORMED REVIEWED
'

| .

Figure I-4 Surge Test Data Sheet

4284N:4
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ATTACHMENT A

SWC TEST CONNECTIONS
.

.

NOTE: Use two isolation networks for Bistable Partial Trip and Cabinet AC
power input common and transverse mode tests. Install isolation
network No. I to protect the test lah AC power source. Install
isolation network No. 2 to protect the test station trip output
..onitoring 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

.

o Table A-lb - Tranverse Mode SWC Test Connections.

.

~.

.

4

!
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TABLE A-la-

CON 10N MODE SWC TEST CONNECTIONS
,

CONNECT LINE-0UT TO

Channel 1/0 Channel Terminal Terminal Isolator I/O Board

# Description Tag # Block Connection Type Location /
Hi Lo Channel #

*1. Bistable Partial Trip, ITS/442G 13-M 1 2 Class non IE/IE 13T-10/1
Isolation

Energized Barrier

*2. Bistable Partial Trip, ITS/442G 13-M 1 2 Class non IE/IE 13T-10/1
IsolationDeenergized Barrier

r

i j 3. Analog Output ..IPY/408A 13-N 4 5 Class non IE/IE 13T-16/2n

Isolation
Barrier

4. Contact Output (No), ITY/441A 13-M 7 8 Class non IE/IE 13T-12/2
Isc1ation*

Energized Barrier

5. Contact Output (NC), ITY/441A 13-M** 7 8 Class non IE/IE 13T-12/2
Isolation

Energized Barrier

6. Contact Output (No), TY/441A 13-M 7 8 Class non IE/IE 13T-12/2 1

Isolation ;
i

Deenergized 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 13T-12-6 to 13T-12-7 to test NC configuration.

4284N:4 ' '
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TABLE A-la (Continued)
*

COMMON MODE S'1C TEST CONNECTIONSi
'

_ . _

CONNECT LINE-00T TO

Channel I/O Channel Terminal Terminal Isolator I/O Board

# Descriotion Tag # Block Connection Type Location /
Hi to Channel #

7. Contact Output (NC), TY/441A 13-M** 7 8 Class noi. IE/IE 13T-12/2
Isolation

Deenergized Barrier

8. WR RTD Input ITY/612 13-0 8,9 11,10 N/A 13T-4/4

9. NR RTD Input ITY/441Y 13-A 7,8 10,9 N/A 13T-5/2

? 10. Current Loop Input, IPY/458Q 13T-8 8,9 11,12 N/A 13T-8/2

b? Active ***

11. Current Loop Input IPY/458Q 13T-8 li 12 N/A 13T-8/2 i

!
Passive *** I

12. Current Loop Input IPY/408 13-N I 2 N/A 13T-8/3

Active

13. WR RTD input, INY/441A 13-C 4 5 N/A 13T-4/2

0-10 volt application

14. Czbinet AC Power input N/A 13-W 11 12 N/A N/A

15. Contact Output (N0/NC/C), ITY/441A 13-M 7 8 Class non IE/IE 13T-12/2*

Isolation
Energized Barrier

** Move wire terminated on 13T-12-6 to 13T-12-7 to test NC configuration.
*** Active operation utilizes on-board DC power supply. Passive operation utilizes external power supply.

4284N:4
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TABLE A-la (Continued)

C0f910N MODE SWC TEST CONNECTIONS

'
I

C0fE4ECT LINE-00T TO ,

Channel I/O Channel Teminal Teminal Isolator I/O Board
i Description Tag # Block Connection. Type Location / ;,i

Hi to Channel # i
,

,

16. Contact Output (N0/NC/C), ITY/441A 13-M 7 8 Class non IE/l 13T-12/2 ;

Deenergized
'

Isolation
Barrier '

17. WR RTD Input ITY/454 '13-D 1,2 4,3 N/A 13T-4/3 :

!

18. NR RTD Input ITY/441X 13-A 1,2 4,3 N/A 13T-5/1
'

$ 19. Current Loop Input IPY/458Q 13T-8' 8 11 N/A 13T-8/2
Active

I

!

!

I
t

!

;

;

I
:

I
t

:

i-
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TABLE A-lb
|

TRANVERSE MODE SE TEST CONNECTIONS *

i

I
..

Channel I/O - Channel Teminal Connect Isolator I/O Board ;

i Description Tag i Block Line-Out Type location /
Hi Lo Channel #

;

*1. Histable Partial Trip, ITS/442G 13-M 1 2 Class non IE/IE 13T-10/1 .

Energized Isolation '

Barrier

*2. Bistable Partial Trip, ITS/442G 13-M 1 2 Class non IE/IE 13T-10/1
Deenergized Isolation

Barrier

E 3. Analog Output IPY/408A 13-N 4 5 Class non IE/IE 13T-16/2 |
o Isolation .
~

Barrier |

4. Contact Output'(NO), ITY/441A 13-M 7 8 Class non IE/IE 13T-12/2 1
Energized Isolation '

Barrier

5. Ccntact Output (NC), ITY/441A 13-M** 7 8 Class non IE/IE 13T-12/2
'

Energized Isolation
Barrier

6. Contact. Output (MG), ITY/441A 13-M 7 8 Class non IE/IE 13T-12/2
Deenergized |

7. Contact Output (NC), ITY/441A 13-M** 7 8 Class non IE/IE 13T-12/2
Deenergized Isolation

Earrier -

- |

4284N:4 '
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TABLE A-Ib (Continued)

TRANVERSE MODE SWC TEST CONNECTIONS

' Channel I/O Channel Terminal Connect Isolator I/O Board
# Description Tag i Block Line-Out Type Location /

Hi lo Channel #

8. WR RTD Input ITY/612 13-D 8 9 d/A 13T-4/4

9. WR RTD Input ITY/612 13-D 10 11 N/A 13T-4 '4

10. WR RTD Input ITY/612 13-D 8 10 N/A 13T-4/4

11. WR RTD Input ITY/612 13-D 8 11 N/A 13T-4/4

12. W1 RTD Input ITY/612 13-D 9 10 N/A 13T-4/4

13. WR RTD Input ITY/612 13-D 9 11 N/A '3T-4/4

14. Current Loop Input, IPY/458Q 13T-8 8 11 N/A 13T-8/2
Active

15. Current Loop Input, IPY/458Q 13T-8 8 9 N/A 13T-8/2
Active

16. Current Loop Input, IPY/458Q 13T-8 11 12 N/A 13T-8/2
Active

17. Current Loop Input, IPY/458Q 13T-8 8 9 N/A 13T-8/2
Passive

18. Current Loop Input, IFK/408 13-N 1 2 N/A 13T-8/3
Active

.

4284N:4
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TABLE A-lb (Continued)

TRANVERSE MODE SWC TEST CONNECTIONS

{

Channel I/O Channe!' Terminal Connect Isolator I/O Board
i Descript!on Tag # Block itne-Out Type Location /

Hi Lo Channel #. 6

4

19. WR RTD Input, 'INY/441A 13-C 4 5 N/A 13T-4/2 ;

0-16 Volt Application !
!

20. Cabinet AC Power Input' N/A 13-W I 2 N/A N/A

21. Contact Output-(N0/NC), ITY/441A 13-M 7 8 Class non IE/IE 13T-12/2
Energized Isolationn

L Barrier

22. Contact Output (N0/NC), ITY/441A 13-N 7 8 Class non IE/IE 13T-12/2 !

Deer.ergized Isolation !
Barrier j

23. WR RTD Input ITY/454 13-D 2 3 N/A 13T-4/3;

24. WR RTD Input ITY/454 13-D 1 4 N/A 13T-4/3 (
25. NR RTD Input ITY/441X 13-A 2 3 N/A 13T-5/1

26. hR RTD Input ITY/441X 13-A 1 4 N/A 13T-5/1

27. MR RTD Input ITY/441Y 13-A 9 10 N/A 13T-5/2 -

28. NR RTD Input ITY/441Y 13-A 8 11 N/A 13T-5/2 {
?

I

4284N:4
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ATTACHMENT B

FIELD CONNECTIONS AND SIMULATION

.

See test procedure JPD lll687-0 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.

Drawina Descriotion Drawina Numbgr/Rev.

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

Protection Set 4

.

Process Control Llock Diagram, 1080408 sh. 10, rev. 11

Delta T/T System
AVG,

.

Process Control Block Diagram, 1080408 sh. 34, rev. 8

W.R. S.G. Level,

_

Process Control Block Diagram, 1080408 sh. 38, rev. 4

Pressurizer Liquid / Vapor Temp.

Process Control Block Diagram, 1080408 sh. 39, rev. 5

RHR Pump Discharge Temp

Process Con +.rol Block Diagram, 108D408 sh. 43, rev. 1

RCS Wide Range Pressure

Eagle-21 Schematic Diagrams, 1856E69 sh. 2, rev. 2'
.

Rick 13 Protection Set 4
.

.

~

4284N:4 |
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ATTACHMENT C

TRANSIENT DATA RECORDING SYSTEM CONNECTIONS

-
.

.

This attachment contains the following: |

l

o Table C-1 Tape Recorded Data

o Table C-2 Data Logger Recorded Data '

o Table C-3 Strip Chart Recorded Data

.

.

.

|
-

1

|

|

|

i
|

!.
I P

.

.

|
|

C-107

| 4284N:4
|
t

--

_ _ . _ _ _ _ _ _ _



- _ _ _ _ _ _ _ _

TABLE C-1
- TAPE RECORDED DATA .-

Channel Recorded Tag Terminal Terminal Buffer
i Signal # Block Connection Amplifier '

-

Hi lo Sh Gain

1. Bistable Partial Trip ITS/442D 13M 3 4 .05

2. Bistable Partial Trip ITS/442G 13-M 1 2 .05

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

[ 4. Bistable Partial Trip ITS/441D 13-L 3 4 .05

5. Bistable Partial Trip ITS/441H 13-L 7 8 .05

6. Bistable Partial Trip ITS/441G 13-L 5 6 .05

7. Contact Output ITY/441 13-M 5 6 .02

8. Analog Output E/I ITY/454A 13-G 4 5 6 10

9. Analog Output E/I ITY/441L 13-K 7 10 11 10

* 1010. Analog Input I/E IPY/458Q

11. Analog Output E/I ITY/441K 13-K 1 4 5 10

* 2012. Analog Input I/E IPY/408

13. Analog Output E/I IPY/408B 13-H 7 B 9 10

** .0514. Function Generator Sig. N/A

~

* 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 Terminal
. # Signal i Block Connection*

Hi Lo Sh

6. Analog Input E/E INY/441B 13-C 1 2 3

7. Analog Input E/E INY/441A 13-C 4 5 6

9. Contact Output ITY/441 13 M 5 6

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

22. Analog Output E/I ITY/441L 13-P 10 11 12

23. Analog Output E/l ITY/454A 13-G 4 5 6

24. Analog Output E/l ITY/441K 13-P 7 8 9

i5. Analog Output E/I ILY/502B 13-K 1 4 5

76. Analog Output E/I IPY/40BB 13-N 7 8 11

7.7 . Analog Output E/I ILY/503B 13-X 7 10 11

35 Analog Input 1/E IPY/458Q *

36 Analog Input 1/E ILY/502 **

37 Analog Input 1/E it?/503 *

3d Analog Input 1/E IPY/408.' *

"

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

'
.

.

.
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TABLE C 3
STRIP CHART RECORDED_.

.-
Channel Reorded Tag Terminal Terminal Buffer ***i S gnal i Block Connection Amplifier -

Hi Le Sh Cain
,

1. Fur. t*)n Generator Sig. N/A **
.05

2. Bistable Partial Trip ITS/4420 13M 3 4 .05
3. Bistable Partial Trip ITS/442G 13 M 1 2 .05
4. Bistable cartial Trip ITS/441C 13-L 1 2 .05
5. Bistable Partial Trip ITS/4410 13-L 3 4 .05
6. Bistable Partial Trip IT!/441H 13-L 7 8 .05

.

7. Bistable Partial Trip ITS/441G 13-L 5 6 .05
8. Analog Input E/E INY/441B 13-C 1 2 3 2.0
9. Contact Output ITY/441 13-M 5 6 .02

10. Analog Output E/I ITY/454A 13-G 4 5 6 10
11. Analog Output E/I ITY/441L 13-K 7 10 11 10
12. Analog Input I/E IPY/458Q *

10
13. Analog Output E/I ITY/441K 13-K 1 4 5 10
14 Analog Input I/E iPY/408 *

20
15. Analog Output E/I IPY/40SB 13-N 7 8 9 10 '

16. Analog Input E/E INY/441A 13-C 4 5 6 2.0

_

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

*** ACust buffer amplifhr and/or strip chart recorder bias controls to
obtain approximately mid-scale readings for analog input / output signals
a.nd full swing for digital output signal O to 1 transition.

.
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l.0 JNTRODUCTION

This procedure details the Radio Frequency Interference (RFI) tests ..

performed on the Eagle 21 protection system.
.-

These tests will consist of erposing the Eagle 21 protection system to a
known electromagnetic field and measuring the effects on system
input / output processing. Tests are to be conducted per the inttnt of
SAP.A standard PHC 33.1-1978, Class 1 and 2 bands a,b and c.

The test configuration is documented in Attachments A and B.

2.0 EREPARATION FOR TEll

2.1 Locate the Eagle-21 cabinet in the anechoic chamber. Position the
cabinet 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 a
,

short bonding cable.
,

2.2 Connect the field cabling to sensor simulation, load simulation, and
,

contact output loads per Attachments B and Table 1-1. Input / output

signal cabling shall be run in exposed vashielded cable trays.

2.3 Obtain system baseline data:

2.3.1 System baseline data will be taken to verify system
operation. Input voltage and current and resistance valuer
corresponding 'to 0 - 100% of scale in 25% increments and

record. Obtain MMI printout of analop input information anc
record analog input / output readings via data logger printout.

.-

.

.

C-112 i
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2.3.2 Set signal inputs per table 1-1. Adjust analog input
signals, using the MMI to obtain the expected engineering

. unit values specif'ed in table 1-1. Using figure B 6 in
Noise Test Procedure JPD-Ill687-0 as a reference, adjust the

'

variable RTO channel per the following procedure:*
-

o Open the manual switch input to the variable RTO board,

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

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

's/441C - Not Trippedi

TS/441G = Not Tripped

IS/4410 Not Tripped
TS/441H - Not Tripped

.

TS/4420 Tripped

TS/442G - Tripped
,

.

Obtain a printout of the Delta T/TAVG system analog

. inputs, analog test points and comparator information MMI
'

screens.

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

o Adjust the low adjust potentiometer so that chennel
TE-441A3 reads 615.50l+/ .375 Deg i on the MMI.

o 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/14410 - Tripped

C-113
4274N:4
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TS/1441H - Tripped

TS/14420 - Not Tripped

TS/1442G - Not Tripped ,.

Obtain a printout of the Delta T/TAVG system analog ,.

inputs, analog test points and comparator information MMI
screens,

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

2.3.3 Using the [ )b,c Control Computer request a baseline test
run of at least 5 data points. Verify that the trip output
signals switch urna receipt of the control relay switch
signal.

3.0 RF1 MODULATION TEST PROCEDURE SE0VENCE

The RFI 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 a data logger printout of ' normal" analog input / output and a

digital output values.

3.2 Disconnect data logger and verify 'antanna' connections and
configuration for each frequency run as specified in sections 4.0
through 6.0,

3.3 Initiate a modulation test run via the [ ]b,c control computer. .

Enter configuration data as prompted by the control computer.
Configuration data is specified in sections 4.0 through 6.0 for each '

,
,

4274N:4
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| \

test run. Ready the [ ]b.c Control Computer by entering the
caliaration file name for the appropriate 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
*

reorder. The frequency test run will automatically execute until
completion without operator intervention. Upon completion of the
frequency test run stop the tape recorder and record the ending tape
footage.

3.4 Review the strip chart recorder printouts and the control computer
data 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 determne cause.

3.5 If significant abnormal system performance is measured, calibration
file information for the affected frequency should be examined. if

,
tbs drive signal for the RF signal generator at the affected
frequencies is sign!ficantly higher than the adjacent frequency

. signal levels, repeat the affected frequency test at a signal level
consistent with adjacent frequencies.,

3.6 Obtain a-data logger printout and confirm system recovery by.

comparing to pretest data. Record any discrepancies.

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

4.0 20-160 fHZ FRE0VENCY RUN

4.1 Hount the beconical antenna to the antenna tripod /coLpler assembly.

Ensure that the antenna center-line is 59-1/2 inches from the
anechoic chamber floor and 1 meter from the Eagle-21 cabinet.

Connect the [ ]b,c power amplifier to the antenna coupler
'

.

,

assembly input.
.

154274N:4



,

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

.-

Antenna Calibration
Cabinet Position Field Strenath Polarization __ File ..

Front 3 v/m Vert 104A

Front 3 v/m Horz 101A

Rear 3 v/m Vert 104A

Rear 3 v/m Herz 101A

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 10 v/m Vert 105A

left side 10 v/m Vert 105A

) Right side 10 v/m Horz 102A

5.0 160-500 M47 FREQUENCY RUN
.

'

5.1 Mount the log periodic antenna to the antenna tripod / coupler
assembly. Ensure that the antenna center-line is 59-1/2 inches from

,

the anechoic chamber floor and 1 meter from the Eagle-21 cabinet.

Connect the [ ]b,e 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 Fielo Strenath Polarization File

Front 3 v/m Vert 204A<
,

Front 3 v/m Horz 201A

Rear 3 v/m Vert 204A
'

Rear 3 v/m Horz 201A

-1164274N:4
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|

Left side 3 v/m Horz 201A

Right side -3 v/m Vert 204A

o, Front 10 v/m Horz 202A

Front 10 v/m Vert 205A

.- Rear 10 v/m liorz 202A'*

Rear 10 v/m Vert 205A

Left side 10v/m Horz 202A

Right side 10 v/m Vert 205A

6,0 160-500 MHZ FRE0VENCY RyH

'6.1 Mount the log periodic antenna to the antenna tripod / coupler
assembly. Ensure that the antenna center-line is 59 1/2 inches from
the anechoic chamber floor and I meter from the Eagle 21 cabinet.

Connect the [ )b,c power amplifier to the antenna coupler
assmebly input.

6.2 Follow the test sequence discribed in Section 3 for each frequency
'* ~ run specified below:

'

Antenna Calibration
Cabinet Position Field Strenoth Polarization File

.

Front 3 v/m Vert 304A

Front 3 v/m Herz 301A-

Rear 3 v/m Vert- 304A

Rear 3 v/m .!orz 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-

0- left side 10 v/m Horz 302A
,

Right side 10 v/m Vert 305A
.

.-

C 117
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1

7.0 KEYING TESTS

The keying tests will be performed exposing the most susceptable side of ,.

the equipment as determined from the modulation tests. At least three
frequency 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 frequency dat. point. See figure 1 2 for
a keying test block diagram.

7.1 Obtain a data logger 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,e Control Computer.
Enter configuration data as prompted by the control computer.
Manually enter the frequency ano amplitude into the RF signal

'

generator usinc appropriate calibration file information. Manually
start the strip chart recorders, the tape recorder'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 point.

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

'
.

.

.
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. .,

(See figure 5-17 of WCAP test report)
.

..

.

O

..

*

'

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

<.

.
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'
.

(See figure 5-18 of WCAP test report)

.

.

.

.

Figure 1-2 Block Diagram of Radio Frequency '

Interference Keying Tests
,

.

0-
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8.0 ACCEPTANCE CRITERIA

* 8.1 Description-

'

The acceptance criteria for the Eagio 21 (IE Safety Related System) is'

that the system shall remain operational while exposed to radio frequency l

interference and demonstrate recovery upon removal of radio frequency
interference.

.

.

.

.

O,

..

.
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RADIO FREQUENCY INTERFERENCE TEST DATA

.

TARGET: (CABINET POSITION)
CAllBRAT10d FILE:

,

FIELD STRENGTH LEVEL: (Y/m)*

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

DATE:

TEST PERFORMED BY: _

REVIEWED BY:

TAPE NAME:
TAPE SET:

TAPE RECORDER START AT: (FDOT)

FREQUENCY: (MHZ)
(DATE)
(TIME)

EVENT DIG / INPUT
1 00 0011 (EXPECTED TRIP OUTPUT PATTERN)
2 11 1100-

3 00 0011

REMARKS:-

FREQUENCf: (MHZ),

(DATE)
(TIME)

EVENT DIG / INPUT
'

,

1 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
2 11 1101
3 00 0011

*
REMARKS:-

*

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

,

Figure 1-3, RFI Modulation Test Data Sheet

C-123
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RADIO FREQUENCY INTERFERENCE TEST DATA

TARGET: (CABINET POSITION) .-

FIELD STRENGTH LEVEL: (V/H)
TYPE OF ANTENNA: (LOG PERIODIC OR BICONICAL)
ANTENNA POLARIZATION: (HORIZONTAL OR VERTICAL)

'
-

DATE:

TEST PERFORMED BY:

REVIEWED BY:

TAPE NAME:
TAPE SET:

TAPE RECORDER START AT: (FOOT)

FREQUENCY: (MHZ)
(DATE
(TIME

(FIRST KEY CYCLE) (SECOND KEY CYCLE)
EVENT DIG [K-OFF) INPUT DIG [K ON] INPUT

(EXPECTED TRIP 1 00 0011 00 0011
OUTPUT PATTERNS) 2 11 1100 11 1100

'

REMARKS:

FREQUENCY: (MHZ) .

(DATE
(TIME

'

EVEHT DIG [K-0FF) INPUT DIG (K-0N] INPUT
1 00 0011 00 0011 ,

2 11 1100 11 1100

REMARKS:

FREQUENCY: (MHZ),

(TIME)
EVENT DIG [K-OFF) INPUT DIG [K-0N] INPUT

1 00 0011 00 0011
2 11 1100 11 1100

REMARKS:

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

Figure 1-4. RFI Keying Test Data Sheet

.

.

'

,
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%

ATTACHMENT A

FIELD CONNECTIONS AND SIMULATION

*
.

This attachment contains the following figures:
'.

o Figure A-1 Control Computer (s)/ Test Station Connections

See test procedure JPD-Ill687 0 figures B 4 through B 9 for input simulation
and input / output monitoring connections.

Cabinet Configuration Information:

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

Drawino Descriotion Drawina Number /Rev.
.

Terminal Block Wiring Diagram, 1-47043 PW 13, rev. 3E
'

P,rotection Set 4

Process Control Block Diagram, 1080408 sh. 10, rey, 11
,

'

Delta T/T System
AVG

Process Control Block Diagram, 1080408 sh. 34, rev 8

W.R. S.G. Level

Process Control Block Diagram, 1080408 sh. 38,1rev. 4

Pressurizer Liquid / Vapor Temp.

'

Process Control Block Diagram, 1080408 sh. 39, rev. 5

RHR Pump Discharge Temp - q

O,

O

4
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Process Control Block Diagram, 108D408 sh. 43, rev, 1
RCS Wide Range Pressure

Eagle-21 Schematic Diagrams, 1856E69 sh. 2, rev. 2
.

Rack 13 Protection Set 4 .
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' . . Figure A-1 Control Computer (s)/ Test Station Connections .
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ATTACliMENT B

TRANSIENT DATA RECORDING SYSTEM CONNECTIONS

,

~.

This attachment contains the following:

o Table B-1 Tape Recorded Data

o Table B-2 Data Logger Recorded Data

o Table 6 3 Strip Chart Recorded Data

.

.

.

*
-

.

e

.

.
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TABLE B-1
TAPE RECORDED DATA .

Channel Recorded Tag Terminal Terminal Buffer
# Signal # Block Connection Amplifier -

Hi to Sh Gain

1. Bistable Partial Trip ITS/4420 13M 3 4 .05

2. Bistable Partial Trip ITS/442G 13-M 1 2 .05

3. Bistable Partial Trip ITS/441C 13 L 1 2 .05

4. Bistable Partial Trip ITS/4410 13-L 3 4 .05

5. Bistable Partial Trip ITS/441H 13-L 7 8 .05

6. Bistable Partial Trip ITS/441G 13-L 5 6 .05

7. Contact Output ITY/441 13-M 5 6 .02

8. Analog Output E/l ITY/454A 13-G 4 5 6 10
"

9. Analog Output E/l ITY/441L 13-K 7 10 11 10

10. Analog input 1/E IPY/458Q 10*

11. Analog Output E/l ITY/441K 13-K 1 4 5 10

12. Analog Input 1/E IPY/408 20
**

13. Analog Output E/I IPY/408B 13-N 7 8 9 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.

t

. 1

.

.
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TABLE B 2
DATA LOGGER RECORDED DATA,

,

Channel Recorded Tag Terminal Terminal
# Signal # Block Connection'

.

Hi lo Sh

6. Analog input E/E INY/441B 13-C 1 2 3

7. Analog Input E/E INY/441A 13-C 4 5 6

9. Contact Output ITY/441 13 M 5 6

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

22. Analog Output 2/1 ITY/441L 13-P 10 11 12

23. Analog Output E/l ITY/454A 13-G 4 5 6

24. Analog Output E/l ITY/441K 13-P 7 8 9

25. Analog Output E/l ILY/502B 13-V 1 4 5

26. Analog Output E/l IPY/408B 13-N 7 8 11

27. Analog Output E/l ILY/503B 13-K 7 10 11

35 Analog Input 1/E IPY/458Q *

36 Analog Input 1/E ILY/502 +-

37 Analog Input 1/E ILY/503 *

38 Analog Input 1/E IPY/408 *-

_

,

'

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

'.

0

.
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l

TABLE B 3
STRIP CHART PECORDED

..

Channel Recorded Tag Terminal Terminal Buffer ***
# Signal # Block Connection Amplifier *

.

Hi lo Sh Gain

1. Function Generator Sig. N/A ** .05
2. Bistable Partial Trip ITS/442D 13M 3 4 .05
3. Bistable Partial Trip ITS/442G 13 M 1 2 .05
4. Bistable Partial Trip ITS/441C 13-L 1 2 .05
5. Bistable Partial Trip ITS/4410 13-L 3 4 .05
6. Bistable Partial Trip ITS/441H 13-L 7 8 .05
7. Bistable Partial Trip ITS/441G 13-L 5 6 .05
8. Analog Input E/E INY/441B 13-C 2 3 2.0

'

Sa. Keying Signal N/A **** .05
9. Contact Output ITY/441 13-H 5 6 .02,

10. Analog Output E/l ITY/454A 13-G 4 5 6 10

11. Analog Output E/I ITY/441L 13-K 7 10 11 10 -

12. Analog Input I/E IPY/458Q * 10

13. Analog Output E/I ITY/441K 13 K 1 4 5 10 -

14. Analog Input 1/E IPY/408 20*
'

15. Analog Output E/l IPY/4088 13-N 7 8 9 10

16. Analog input E/E INY/441A 13-C 4 5 6 2.0

* Measure current across 20 ohm transmitter test resistor. See figure B-4.
Monitor function generato 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 O to 1 transition.
Monitor analog input INY/441B for modulation tests. Monitor control****

signal to keying relay for keying tests.

.

O
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APPENDlX D

TEST EQUIPMENT LIST
*.

.
' Table D-1 describes the test equiptrent.

.
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TABLE D-1
TEST EQU!PMEN'i 15T ..-.
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TABLE D-1
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TEST EQUIPMENT LIST
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TABLE 0 1
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TABLE D-1
6. TEST EQUIPMENT LIST
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