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ABSTRACT'
L ;

i. i

i. |.

| 6 .

#-

The Integrated Protection System (IPS) Prototype Verification and Vali-
dation Program was a coordinated program that demonstrated that the

:

design objectives of the'IPS as described in RESAR 414 were met. Defi-
~

I

! nition of the design objectives and verificati.on program were provided

i in WCAP-9153,:"414 Integrated Protection System Prototype Verification
!

<

I Program," August 1977. WCAP-9153 was organized into two major parts:-

design p'rinciples and the verification program. These two major parts

|
were further subdivided to cover design and verification of the -!

hardware, sof tware -and the integrated system.'

!

,

! This document presents a summary of what the verification and validation

program covered in terms of hardware, sof tware and the integrated

f system. It also is representative of what the NRC/0RNL reviewed by the ;
,-

] ' technical audit process. ;
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1.0 INTRODUCTION .

O(y Westinghouse has designed an Integrated Protection System (IPS) which is
based on distributed digital processing technology. This design effort
was conducted in compliance with accepted industry and regulatory stan-
dards and practices. The design bases for the IPS have been presented
to the NRC in RESAR-414, which received a Preliminary Design Approval

(PDA) in November of 1978.
|
|

As a condition of the FDA, the NRC required that Westinghouse prove the

design of the IPS by submitting it to a verification and validation
program. Westinghouse's response to this condition is contained in
report WCAP-9513, "414 Integrated Protection System Prototype Verifi-i

cation Program". This report, issued in August of 1977, was organized
into two major parts which established the design principles and the
verification program that was used during the development, test and
operation phases of the prototype model. Design principles sections

i
were included for the prototype system, as well as its software and

|

|
hardware. Items such as program administration, documentation, design

I and development, and verification principles were addressed in these
s ections. The discussions of the verification program were also simi-
larly arranged fcr the prototype system, and its sof tware and hardware.
Items included within these sections were the program administration,

l verification methods, documentation, and acceptance criteria.
!
I

In order to conduct this verification and validation program, Westing-
house built a prototype of the IPS which consists of one complete chan-
nel set of equipment. All inputs from the field, control board and

I other channel sets are simulated as are the output loads of the system,
d The verification and validation program consisted of a series of inspec-

tions and tests, performed first on the individual hardware and software :

modules, then on subsystems. Finally, system level tests were performed
on the entire IPS prototype, to verify the correctness of its design.
This report describes the results of that verification and validation
program. An audit program, by which the NRC reviewed this verification
cnd validation program is also described.

.
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1.1 PROGRAM MANAGEMENT

The verification of the IPS prototype was conducted in such a manner to
assure independence of the design and verification processes. The man-
agement organization of the program is shown in Figure 1-1 which shows
that two Westinghouse divisions were involved, Nuclear Steam Supply
System supplier (NS) and the Actual Equipment Supplier (AES).

The NS provided the System Design Specification to the AES who produced
the detailed system design documentation. These detailed documents,|

which consisted of schematic diagrams, Equipment Performance Specifi-
cations and Software Performance Specifications, were developed from the

System Design Soecifications and were reviewed and approved by the NS to
verify consistent of the system design.

At the AES f acility, the design and verification effort was divided
among distinct teams -- hardware and software design teams and hardware

and software verification teams. After the hardware and software were;

designed and verified, they were integrated into the system where the
overall system design was validated by testing. This testing was per-
formed according to pr acedures written by the AES and approved by the
NS, the responsibility for final approval of the system test results
being the NS division.

1.2 SOFTWARE DESICN & VERIFICATION

The documentation produced during the design and verification of the IPS!

sof tware is shown on the left half of Figure 1-2. The software design

team led by the chief progranTner, produced the Software Performance

Specifications based on the System Design Specification. These docu-

ments were reviewed and approved by the NS division. The software

design team then produced the actual software and documented it by the
Software Maintenance Manual, which contains the source code listings,

relocatable object code and link loader output listings. The Software

Performance Specifications and the Software Maintenance Manual were
submitted to the verification team for design verification.

O
l-2
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Upon receipt of the Software Performance. Specifications the software-~

i
i

verification team, under the leadership of the chief verifier, produced
~

'

the Software Test Specification for each software subsystem and each

3
software module. This docy nent defined the inspections and tests that~

j ' would.be-'used. to verify the software subsystems and modules. The

i inspections performed for the purpose'.of verification were generally

j done at the-source code level, which.was usually'a high level, struc-~

| tured syntax language (some assembly language was used where close
interface to the hardware or strict timing concerns required it). Test-!

t

!. ing of the software was done'in a micorprocessor development system

f (MDS). For this verification, the software module under test was loaded
together with a code which simulated the module inputs and recorded the

;

j module outputs. In thest tests the inputs were exercised over their
entire ranges and all paths in the software module were executed. Soft-
ware verification was performed on a " bottom-up" approach where the;

{ lowest' modules were verified by themselves before being assembled into a

} 1arger software subsystem' for further verification. At the subsystem

! level, module interf aces and the flow of data through the modules were

) verified.

!Oj Any errors in the software which were discovered by the verification
1

j team were reported to the design team, along formr.lized channels, where

||
they were resolved. Other connunications between the teams, such as for

! clarification of the Software Performance Specifications, were also

| conducted procedurally using prepared question and -response types of

i' fonns. A record' of- all of these' error reports and communications is

j maintained by the chief progranner. A final record of the verification

! of each software module is provided in tSe Software Test Results Manual
i

{ dhich is. prepared by the verification team. This manual contains, in
addition to the error reports discussed above, a complete detail of the

j

test results.

j 1.3 HARDWARE DESIGN & VERIFICATION

! -

' The hardware was designed and verified 'by independent teams in a manner

- analagous to the sof tware development. As indicated in the right half#

LO
l-3
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of Figure 1-2, the hardware design is documented by Equipment Perfor-
mance Specifications, which contain the specific functional requirements
for each orinted card-design, and the Equipment Maintenance Manual which
includes detailed printed card schematics as well as the overall system
schematic wiring diagrams. These documents are reviewed against the
System Design Specification by the NS division to verify adequacy of the
design.

When the hardware design team was satisfied that the design of each

printed circuit card design was correct, they submitted samples of the
card, along with the design documentation, to the hardware verification
team. This vei ification team prepared test procedures as documented in
the Equipment Test Specification, and then executed those tests on vari-
ous sample cards to verify that the design met the requirements of the
Equipment Performance Specification. The results of these tests were
documented in the Equipment Test Results Manual, which was transmitted
to the NS division for approval. Again any design errors discovered by
the verification team were reported and resolved through formal, trace-

able channels. O
1.4 SYSTEM INTEGRATION AND VALIDATION

Upon the completion of the sof tware verification and hardware verifica-
tion, the two design branches were merged to form the overall system in
the design verification process called system integration. This task
was accomplished by the combined hardware and software design teams.

Checkouts were performed to determine that the system was functioning
prior to subjecting the system to v7.11dation testing. While these
checkouts were not conducted using ) redefined test procedures, any
errors found, either in software or hardware, were reported through the
formal channels set up for the verification of the individual modules.

When the design team was satisfied that the prototype was completely
integrated and debugged, the formal system desigr validation testing was
performed by a team which consisted of personnel from both the AES and

O

I-4
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NS divisions. The test procedures for the integrated system were writ-
ten by the AES from a test specification which was prepared by the NS
division. Responsibility for the approval of the test procedures and
acceptance of the test results' was held by the NS division. The docu-
mentation of the final system validation test is shown in Figure 1-2 as
the System Verification Manual. The integrated system testing included

O the functional verification of the individual subsystems and the overall
system response. This latter testing was performed by injecting com-
puter generated, multivariate transients into the system inputs and
recording its response.

1.5 NRC REVIEW BY AUDITS

At the completion of their review of RESAR-414, members of the NRC'

Instrumentation and Control Branch came to realization that a complete
j

detailed review of a complex safety system, such as the IPS, would

require too much effort to be handled by their normal review process.I

The NRC, therefore, proposed an audit process whereby Westinghouse was.

required to perform a complete formal design verification of the IPS
while the NRC conducted audits of the results of the design verifi-

O By the nature of this type of audit process, the auditors maycation.
4

probe as deeply as they wish into any area of the design verification,
as a result the supplier must perfonn the entire verification with
absolute rigor.

The NRC applied the audit technique to the IPS verification in order to
test this new approach to the regulatory review of the safety systems.
The NRC contracted personnel from Oak Ridge National Laboratories for
the audit reviews, and after the second audit the NRC staff did not
participate directly in the process. Reports were transmitted by ORNL
to the NRC af ter each audit to keep the staff abreast of the verifi-
cation program. Copies of these reports are included in the Appendix of
this document.

The results of this trial audit review pro;ess were favorable. From the
standpoint of the NRC, an indepth review of the IPS, part by direct
inspection the remainder by induction, was obtained with only a small

1-5
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expenditure of resources, a total of eight audits being held each last-
ing approximately two days. From the viewpoint of a vendor the audit
orocess is successful because it removes a large amount of the uncer-

tainty involved with the regulatory review process. Westinghouse hopes
to see continued use of this review technique in the future.

In another trial review process, the NRC requested that a representative
software sample be subjected to Software Sneak Analysis by the Boeing

Company. This was done on the Data Link Controller software with the
result that no errors were found in the executable code and only a few
documentation discrepancies were noted. A more detailed evaluation of

this analysis was sent to the NRC.

1.6 ONGOING EFFORT

The experience gained by Westinghouse in the IPS design verification
program has been valuable. It has reaffirmed the principle that ade-
quate design verification can be performed, with sufficient indepen-
dence, within the design or ,anization. In fact, internal verification

is superior to that which could be performed by an outside organization
due to the intimate knowledge of the system provided by the verification

team.

During the course of the IPS verification program, an interaction prob-
lem between microcomputer busses was noted. This problem only occurred
at elevated temper 4tures, therefore, it did not interfere with the sys-
tem verification testing, which was conducted at room temperature.
However, it did necessitate a redesign of the system hardware. The
design changes will be reverified in a program that will be adapted from
the principles learned by Westinghouse in the IPS design verification
program.

O

O
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~2.0 INTEGRATED SYSTEM VERIFICATION SU!HARY

-2.1' METHODOLOGY OF INTEGRATED SYSTEM VERIFICATION
-

.

2.1.1 TEST METHODOLOGY
-

It is the Westinghouse Nuclear Technology Division (NTD) practice that4

new equipment designs be verified to ensure that the equipment meets the
; requirements of the System Design Specification,

i
In order to minimize the number of test cases required for a total inte-
grated system test, it is necessary that a sufficient number _ and type of
prerequisite tests be conducted. These discrete tests are just as'

important as the integrated tests since, it is then possible to justify
the scope and depth of the integrated test.

j The system is designed from the top down, the system verification test-

| ing proceeds from the bottom up. This permits the proper operation of
j each sub unit of the system to be established prior to introducing into

more complex interconnections within the system thus localizing problems
;

j to the lowest rung on the hierarchial ladder of the system. Addi-
tionally, the bottom up verification approach allows for the concentra-
tion of the interfaces within the system rather than the content of each
sub unit at the later stages of the system verification testing.

For the series of tests described by the test outline referenced in the
,

System Design Specification, it is assumed that the following activities
,

have taken place and thus credit has been taken for them when designing
the tests.

! '

l. All hardware modules have been verified to operate in accordance'

Aith their Equipment Performance Specifications (EPS).

2. ~All software modules and processes have been verified to operate in
accordance with their Software Performance Specifications (SPS).

,

1 .

O
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3. The system has been functionally checked to ensure that signal paths
are in accordance with design documentation.

The test methodology defined by the referenced test outline begins with
a series of overlapping tests in which each successive test pick.; up new
portions of the system, while including portions previously tested to
ensure that both the new portion and the interf aces function correctly.
In general, at each step in the test process, the test cases will be
defined in such a way as to exercise the new portion to be tested and to
ensure that interfaces between the new portion of the system under test
and the preceeding portions are adequately verified. No attempt is made
to retest portions previously tested.

The scope of the hardware to be included in the system verification test
is defined in 'nCAP-9153 and includes one Channel Set, a Digital-Rod

Position Indicating Cabinet, an Integrated Protection Cabinet, three
Integrated Logic Cabinets and the Signal Selector. The remaining por-

tions of the system will be simulated using appropriate equipment.

The final set of tests is called the integrated system test and is con-
ducted with all prototype system elements connected together. These
tests are designed to verify two aspects of the total system. That the
correct outputs change state as required in response to particular test
cases, and secondly, that other outputs do not change state when they
should not. This will be accomplished by monitoring key systen cuputs
for the appropriate status.

2.1.2 TEST CASES

It is the Westinghouse NTD practice that test cases be defined for each
step of the system verification testing which will ensure that the
equipment being tested is exercised over its normal and abnormal range
of inputs in a way that assures its proper operation in an actual plant
situations.

O
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The test cases specified are appropriate to the intent of the test and
may be selected with the knowledge of prior test runs. In particular,

it is intended that where a series of overlapping tests is defined, that
the test cases selected for the latter test make use of the knowledge

,

gained from the earlier tests.

Test cases are defined with cognizance being given to the internal and
~

external architectural features. of the system. For-instance, if a cir-
cuit board or software module is used in several applications, a rigor-
ous test of only one board or module is required while for the others,
only a limited test, primarily to check interfaces, is made. This

approach will also be used where multivariable inputs to a portion of
the system occur. In general, the test cases are chosen so that one
variable is exercised while others are held at a nominal value related
to normal operating conditions.

For complex circuits, specifically the DNBR and KW/FT, and the Trip<

Logic Modules, additional test cases are selected to ensure that the
complex interactions within the circuits function properly.

O The test cases for the final integrated system verification test .are
selected to demonstrate that the system performs properly when subjected

to inputs reflecting the plant conditions associated with selected acci-
dents studied in Chapter 15 of the RESAR 414. The driving variables
involved in each accident are manipulated while the others are held

constant.

2.1.3 INPUT SIGNALS
4

The input signals used for the system verification test are simulated.'

The simulations are such as to reproduce the type of signal produced by
the actual sensor in a plant. Process noise or any other noise is not

-p be simulated as this will obscure the information that is being col-
lected, more specifically that the overall transfer function is in

,

accordance with the system design specification.
.

!O
;
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The two types of inputs used to exercise the system are steady state,
and dynamic. Both types will be used depending on the nature of the

information to ce collected. For instance, channels with nc time depen-
dent elements are adequately checked using slowly varying or incremented

signals to establish gain and bistable accuracies whereas channels con-
taining lead lag units, etc. are verified through the use of time vary-
ing signals whose dynamic characteristics are precisely known. Dynamic
input signals consists of ramps and steps (the latter being a special
case of the former). The rate of change and magnitude of these signals
is chosen to be consistent with the response of the channels being

tested. Steps are typically used to establish the time response of a
channel and its transient response generally while ramps are used to
demonstrate the correct system operation and signal polarity.

Tests are run t at demonstrate the proper operation of the system in
response to out of range conditions. These tests are designed to drive
the channels into saturation to ensure that the system responds in an

orderly and timely manner when the out of range condition is removed.

2.1.4 CONCLUSION

The overall approach to the system verification testing is based on a
systematic series of overlapping tests which progress from detailed-
checks of small elements of the system to more limited checks of the
total system. Test cases are selected to deal with the particular
aspects of the system under consideration and test inputs are chosen to
establish proper system operation for static and dynamic, normal an
out-of-range signals.

O
2.2 PRERE0VIS*TE INTEGRATED SYSTEM VERIFICATION TESTS

This section defines the objectives of each of the systen tests and
indicates the order required to perform each test to insure proper over-
lap testing. To show this overlap testing, it is necessary to define
the various stages in which the tests were categorized.

O
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Preliminary testing is a series of tests. on the Integrated Protection4

and Logic Cabinets, that tests the system on a component and subsystem
basis. In Stage 1, the verification of the interelation of the compo-
nents and subsystems is performed by testing the non-logic portion of

{ the IPS consisting of the process transmitter inputs, transmitter power
supplies, analog signal conditioning circuits, speed pickup input,;-

Nuclear Instrumentation System (NIS) input, A/D converters, Safety Grade

] Digital Rod Position Indicator (SDRPI) data link input, time dependent

i functions, bistables and calculations.

1
i

i In Stage 2 all of the devices tested in Stage 1 are activated again and
j continues through the interposing logic of the system up to and includ-

|
ing partial trips and ESF actuations. The Integrateo System Tests Cases
operate in the integrated system by simulating a series of plant acci-

j dent conditions and comparing system results against precalculated

| results for such. conditions. A more detailed description of Integrated
System testing is described in Section 2.4, a list of prerequisite and-

,
other various tests with a brief description follows:

;

!

2.2.1 PRELIMINARY TESTS;

:

; -2.2.1.1 IPC Preliminary Tests
1
4

| 1. General Tests

| The objective of this section is to perform tests on tables and cabinet
| wiring, calibrate cards and burn-in the system prior to starting the
; subsystem tests. These tests are:
.

a. Cables
.

!
(1)

a,c.e

!. o -
_

. -. . . - _



- - _ _ _ . _ _.

|

, - a,c.e-

(2)

O
|
|

|

. '

,

b. Cabinet Wiring " a,c.e

(1)

(2)

(3)

(4)
,

(5)

e

c. Cards
, a,c.e_

(1)

(2)

(3) g
(4)

--

G,
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| t

i

| - a,c.e j

i

j (5) !
!4 '

:

! ,

! !

{ (6) j
-, ;

! !
| d. Burn-In

'

a,c.e || -

:
'

(1)
!

I f
i

I! (2)
1

1 ?

..

-
| t

i 2. IPC Subsystem Tests |
r

} !

The objective of this section is to verify each identifiable sub- .

i
1
~ system made up of verified software loaded into verified hardware ;

prior to starting system verification tests. |i
!

!
1

|
The subsystem tests consists of the following: |

- a,c.e i
! (
i l

j '

; ,

!

4 .

:

|
'

.

|O
,

I

I

i

i

:

I

_

d
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The subsystems involved are:
,

a,c.e

(b)

|'| e
(e)

(f)

|:| e
(i)

._

-

2.2.1.2 ILC Preliminary Tests

1. General Tests

The objective of this section is to test cables and cabinet wiring,

calibrate cards and burn-in the system prior to starting the subsystem
tests. These objectives are similar to IPC General Test and are out-

lined below,

a. Cables
-' a,c.e-

(1)

(2)

e

2-85356A

:
i

(



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

i

i
i

-

| b. Cabinet Wi*ing "a.c.e
-

; _

| (1)
;

!
!

| (2)

i 9
1,

I (3)
1

(4)
|

I- .

l c. Cards a,c.e
~

: -

(1) ;

. .

'

(2)

h !

(3) !

.
4

1

(4)
,

. (5)
1 ,

| !
;
;

e m ,

1;

a,c.e ;d. Burn-In
,

;> - _

'; .

(2)
i ,

|
'<=

|
-

!. i

|*

i
,
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2. ILC Subsystem Tests

The objective of this section is to verify each identifiable sub-
system made up of verified sof tware loaded into verified hardware
prior to starting system verification tests.

The subsystem tests consists of the following:
- a,c,e-

O

O
-

-

The specific subsystems involved are as follows:

a. Comunications dus Controller

Objective
_

The purpose of the Comunications Bus Controller subsystem test f

is:

- a,c e
_

9
-

O
| 5356A 2-10
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!

, ,

r'

' ;

.i
i

~ a,c.e :
-

O !
.

I

i
r

!

!

O :

i

. t

I

i

O
- -

| b. ESF 2/4 Voting Logic
.

Objective

!

! The purpose of the ESF 2/4 Voting Logic subsystem test is:

| a,c.e~ ~

;

O
4
i

LG
:
i --

!
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. .

,

1

1

1

'

1

| a,c.e-

| (3)

| 9
!

1

!,

i

(4)

;
-

.

c. ESF System level Logic

! 9
j Objective
,

i
1

! The purpose of the ESF System level Logic subsystem test is:

I
~ a,c e-

! (1)
!

I

(2)

4

}

j (3)
: ,

1 |
a '

k

! I
i '

! (4) .

!
i

! O
:
:

1 (5) 1

0'
!

i

e

i e-

I 5356A '-'
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!

'

d.. ILC Demux/ Mux;
f
f

Objective '

i

The gurpose of the ILC Demux/ Mux subsystem test is:
'

,

(1)

1
,

k

i

O'

,

i

| (2) |
i :

! !

:

1

i (3)
'

!
1

i ;

O |
'

i
4 :
! !
i

.

i

' I

(4) :
1

|
3

i !
'

;

}

! (5)

O
(6)

i
L
l

! -.
, _

|

!
|

O 5356A
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e. Interposing logic

Objective

The purpose of the Interposing logic subsystem test is: a,c.e
_

(1)

O
|

(2)

(3)

(4)

_,

._

f. Power Interface

Objective

The purpose of the " Power Interface" subsystem test is:
_ a,c.e

_

:
1

(2)

5356A -

_

l

'
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, .

i i

!,;
t ,

;

| g. Maintenance Arming |
'

!

!Objective
'

,
,

4- !

1
f| The purpose of the." Maintenance Arming" subsystem test is: a,c e j

1. -

(

; (1)
i i

i.,

i

.

i i
I

\ ,

,

,

: >

! !
i ;

(3)
!

h. Auto Tester Arming

i

j Objective
!

)

) The purpose of the " Auto Tester Arming" subsystem test is: _ a,c.e
| ,_

|

(1)

;
e

! 9
.

! (2) .

|
1

-.-
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,

- a,c e-

(3)

O
:

;i

I

_

i. Auto lester

Objective
!

The purpose of the Auto Tester subsystem test is:
~ a,c,e-

(1)

(2)

i

(3)

;

(4)

g-

_

2.2.2 STAGE 1 TESTING

The objective of this section is to verify the operation of the non-
logic portion of the IPS consisting of the process transmitter inputs,

2-16
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t

transmitter power supplies, analog signal conditioning circuits, speed
! pickup input, NIS input, A/D converters, SDRPI data link input, time

.

dependent functions, bistables and calculations.

Operation of the Control Signal Selector is also verified during this
! stage.

O:
i All outputs are monitored continuously.

,

Stage 1 tests overlap with pre-requisite tests.

1. Static Test

; Objective

The purpose of the Static Test is:
;

$

a. To verify that process input accuracies under static conditions'

meet the established requirements.

O'

b. To verify that system scaling can be accomplished.
i

!

c. To verify system wiring up to A/D converter input, lead lag
input, rate lag input or bistable input; termination assign-
ments; A/D converter address assignments and signal polarities.
This establishes that the input / output relationship confirms
with the system drawings and that the software is functioning
correctly.

d. To determine the output loading effects (both internal and

external).

e. .To ensure that there are no excessive hysteresis effects between

O 0 and 100% full range.

'f. To verify all input and output data links are functioning
properly.

O
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2. Dynamic Tests for Analog Channels

Objective

The purpose of the Dynamic Tests for the Analog Channels is:

To verify the operation of all lead / lag functions and bistablesa.

implemented in hardware.

b. To verify that lead / lag and bistable outputs are input correctly
to other sub-systems.

To verify that the IPC Automatic Tester is receiving the feed-c.
back signals correctly.

d. To verify that the Control Signal Selector, Plant Computer, ILC
A and ILC B are receiving the status and trip signals correctly

over data links.

3. Dynamic Tests For ESC Channels

Objective

The purpose of the Dynamic Tests for ESF Channels is:

To verify the trip and reset accuracy of all bistables imple-a.

mented in software.

b. To verify that lead / lag, rate / lag, and bistable outputs are
input correctly to other sub-systems,

To verify that the IPC Automatic Tester is receiving the feed-c.
back signals correctly,

d. To verify that the Control Signal Selector, Plant Computer, ILC
A and ILC B are receiving the status and trip signals correctly

over data links.

2-18

5356A
-



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

4 |

|

4 Dynamic Tests For NIS Channels
:

i
i
' Objective
1

i The purpose of the Dynamic Tests for NIS Channels is: |
- :
,

To verify that the sof tware summators are calibrated properly,a.

i

{ b. To verify that software track / store is operating correctly.
i

To verify the trip and reset accuracy of all bistables imple-c.

i mented in software.
'

!

i
d. To verify that summator, track / store, rate / lag, and bistable

,

j outputs are input correctly to other subsystems.
1

i

! e. To verify that the IPC Automatic Tester is receiving the feed-

j back signals correctly.
.

f. To verify that the Control Signal Selector, Plant Computer, ILC

| A and ILC 8 are receiving the status and trip signals correctly
j over data links,

i
4

i 5. DNBR and KW/FT Subsystem Test Cases

!

|
Objective

The purpose of the DNB-KW/FT partial trips subsystem test is:

O.

a. To verify that the DNB-KW/FT subsystem is calibrated correctly.
i

b. To verify tnat the DN8 and KW/FT partial trip calculations per-
form' correctly given numerous static and dynamic test cases.

,

To verify the data flow from the DNS-KW/FT subsystem to the 1)c.
IPC Automatic Tester, 2) Signal Selector, and 3) Plant Computer.

5356A
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C. ,.ignal Selector Subsystem Test Cases,

O
Objective

The purpose of the Signal Selector subsystem test is:

To verify that the Signal Selector subsystem is calibrateda.

correctly.

To verify that the Signal Selector performs correctly given5.

numerous test cases.

?.2.3 :T;GE 2 TESTING

The >bjective of this section is to verify the operation of the logic
port'on of the IPS.

The verification is conducted by exercising the sensor inputs and moni-

toring tne logic outputs for Reactor Trip and Engineered Safeguards
System and component manual actuations are also verified.Feat;res.

Operation of Automatic testers in IPC, ILC and ICC is verified during
this stage.

!

Stage 2 tests overlap with Stage 1 tests.

1. Logi: Tests for Analog Channels
!

!

Gbjectives
.

The ourpose of the Logic Tests for Analog Channels is:

a. -3 verify that the logic from bistable outputs and from manual
aushbuttons up to the inputs of 2/4 Reactor Trip Logic or 2/4

ISF Voting logic is functioning properly.

2-20
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|

| b. To verify that the IPC Automatic Tester is receiving the feed-
j back signals correctly.
4-
;

c. To verify that Plant Computer, IPC II, IPC III, IPC IV, ILC A
; and ILC B are receiving the status and trip signals correctly
: over the data links.

O'

| 2. Logic Tests for ESF Channels
i
!

Objectivet

!O
! The purpose of the Logic Tests for ESF Channels is:
1

! To verify that the logic from bistable outputs, reactor breakera.

j status contacts and manual pushbuttons up to the inputs of 2/4 '

Reactor Trip Logic or 2/4 ESF Voting Logic is functioningj

i properly.

b. To verify that the IPC Automatic Tester is receiving the feed--

; back signals correctly.
;

c. To verify that Plant Computer, IPC II, IPC III, IPC IV, ILC A
! and ILC B are receiving the status and trip signals correctly
'

over the data links.

!

| 3. Logic Tests for NIS Channels i

i
Objective

O The purpose of the Logic Tests for NIS Channels is:
'

i

a. To verify that the logic from bistable outputs, turbine status
contacts and manual pushbuttons up to the inputs of NIS High |
Voltage Power Supply Cutoff Logic, 2/f Reactor Trip Logic or 2/4

;

ESF Voting logic is functioning properly. ;

!

S356A 2-21

.

-re-, - - - - - ee- .ww , e , - . ,.-r , --, - , ---,nm e, -no,v---,-,-ne,,- e-- - -e ,--v,w--, , , , ,- , -



b. To verify that the IPC Automatic Tester is receiving the feed-
back signals correctly.

c. To verify that Plant Computer, IPC II, IPC III, IPC IV, ILC A
and ILC B are receiving the status and trip signals correctly
over the data links.

D. Logic Tests for DNBR and KW/FT Trips

Objective

The partial reactor trips have been tested during the DNBR and KW/FT

subsysten static and dynamic tests.

The purpose of the " Logic Tests for DNBR and KW/FT" partial trips is
to verify that the automatic bypasses of the DNBR and KW/FT partial
trips operate under the fellowing circumstances:

a. Low reactor coolant flow in the loop associated with the channel

set.

b. Failure of analog inputs to the DNB-KW/FT subsystem.

c. Failure of serial digital inputs to the DNB-KW/FT subsystem.

4 Recctor Trip 2/4 Bypass Logic

Objective

The purpose of the Reactor Trip 2/4 Bypass Logic is:

To verify the logic of the NTL and NTB cards directly,a.

b. To verify the operation of one 2/4 BYPASS gate within the Tria
Logic Computer with an exhaustive test (all 256 input combi-
nations).

5356A
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i
j

, . . . .

l
&

I,
To verify the operation of all 2/4 BYPASS gates for four testc.

! cases. And in conjunction verify the proper transmission of
1

|
partial trips and bypasses to Channel Sets II, III, and IV.

i

! 5. IPC Automatic Tester

! O
j Objective
|

|
The purpose of the IPC Automatic Tester verification is:

: O
To check that the local and MCB located IPC Automatic Tester| a.

| Panels are functioning. correctly.
:

i
; b. To check that the IPC Automatic Tester results are being printed
1

! correctly on the. local terminal and at the plant computer.
i
:

c. To check that the IPC Automatic Tester is testing the IPC under

normal conditions with no errors.

O
; d. To check that the IPC Automatic Tester can detect properly the
' following types of errors:
;

i
'

Channel Inaccuracy

Dynamic unit Time Constant Inaccuracy
Bistable Setpoint Inaccuracy
Logic Fault
Reactor Trip Fault
Reactor Trip Response Time

,

Abnormal Operation

6. ILC Train A Automatic Tester-

O.

Objective

The purpose of the ILC Automatic Tester Test is:

O
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a. To verify that with the ILC System set up for normal operation,
the tester functions properly transmitting the appropriate
(idle-mode) information to the plant computer and for local
displays.

b. To verify that the ILC Automatic Tester and the ILC Systein are
functional in the auto test mode and the appropriate test
results and other pertinent information are transmitted to the
plant computer and local displays.

lo verify that the ILC Automatic Tester detects errors pertinentc.

to idle mode and test mode coerations.

7. Control Signal Selector Automatic Tester

Objective

The purpose of the Control Signal Selector Automatic Tester
subsysten test is:

O
a. To verify that the Control Signal Selector Automatic Tester is

functional in the self test mode,

b. To verify that the Control Signal Selector Automatic Tester and
the Signal Selector (s) are functional in the auto test mode,

c. To verify that the Control Signal Selector Automatic Tester

detects errors.

O

O

#
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!

2.2.4 SYSTEM VERIFICATION ERROR REPORT SUMISRY

i

i

!
.

O
|
|

6
|

|

| !

I
i

!
I

ic
,

!

t
--

_

i

', It will not be attempted to detail every problem and solution in this sec- |

j tion, however, a list describing the problems is provided in this docunent

| and several random problems are listed in detail as examples of problem

| resolution.
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; The following section contains more detailed descriptions of several ran-
domly chosen problems from each of the categories discussed, as well as the
solution to these problems:

..a,c.e
.

.

i

1

ERROR REPORT NO.:

PROBLEM:

ACTION TAKEN:

ERROR REPORT NO.:

PROBLEM:

O'

ACTION TAKEN:

ERROR REPORT NO. :

PROBLEM:

ACTION TAKEN:

0-

-
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ERROR REPORT NO.:
,

jI- PROBLEM:

:

e i
i
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! |

i. !

! |

I O -

|
; ACTION TAKEN: |

|

k
!
1

i ERROR REPORT NO.:

i PROBLEM:
i
i

!
!

\ |

\
ACTION TAKEN:

i
!

l

!
'

i

|
ERROR REPORT NO.:

| PROBLEM:
i

1
'

ACTION TAKEN:

ERROR REPORT NO.:

PROBLEM:

,

. ACTION TAKEN: .
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ERROR REPORT NO.:

PROBLEM:

O
ACTION TAKEN

O
FRROR REP 0itT NO.:

PROBLEM:

ACTION TAKEN:

ERROR REPORT NO.:
'

PROBLEM:

O
ACTION TAKEN:

ERROR REPORT NO.:

PROBLEM:

ACTION TAKEN:

ERROR REPORT NO.:

PROBLEM:

ACTION TAKEN:

_
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ERROR REPORT NO.:

PROBLEM:
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2.3 INTEGRATED PROTECTION SYSTEM SIMULATED TRANSIENT TEST RESULTS
,

v 2.3.1 TEST OBJECTIVE

i

|
The final phase of the integrated system testing was the Simulated Tran-
sient Testing. The objective of these tests was to demonstrate that the
system is capable of responding to multivariate transients such as those

: the system would experience while performing its mission in the plant.
This was accomplished by simulating plant transients on a digital com-
puter, using safety analysis codes, recording those transients on an

4

analog tape recorder and injecting them into the system prototype;

through its normal inputs.
j

In' order to coordinate this validation of the system to its design
bases, the transients that were simulated were selected from the
RESAR-414 Chapter 15 accident analysis. In general, the conservative

assumptions and analysis, typical of reactor safety analyses, were not
-

adhered to for these simulated transients, rather, "best estimate" ,

analysis was used in that a single set of nominal plant parameters wasI

used for all of the transients and the initial conditions were nominale

plant values. This is consistent with the objective of this testing,
ie, to show that the system responds to realistic transients. However,
because_t_he assumptions for the generation of these transients are dif-
ferent than those of the safety analyses, the results are not directly
comparable. The results of these transient tests will be correlated to
the system design bases by comparison to the Limiting Safety Syste'm

It snouldSettings and accuracy requirements specified for the system.
be noted that due to the broad scope of this type of testing, it is not

O\ practical to test all functions of the Integrated Protection System.
The completeness required for total system validation is provided by the
individual channel function tests which were performed in the remainder

of the integrated systems tests.

O
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2.3.2 TEST CASE GENERATION
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2.3.3 DESCRIPTION OF TRANSIENTS

The following paragraphs briefly describe the transient test cases per-
formed including assumptions made and initial conditions. In each case,

the last digits of the paragraph number is the test case number.

2.3.3.1 Uncontrolled Rod Withdrawal From Low Power .

This transient is an uncontrolled power excursion caused by the continu-
ous withdrawal of the control rods. Although it is usually analyzed
with a subcritical initial condition, LOFTRAN is not capable of model-

ling a subcritical reactor core so the initial condition is taken as
1.0% nominal power. The transient is generated by ramping the reactiv-
ity insertion at 144 pcm/second. The expected actuations are the
startup NIS reactor trips.

2.3.3.2 Uncontrolled Rod Withdrawal From Full Power

This transient is similar to the previous one except that the initial
plant condition is full power and the reactivity insertion rate is 60
pcm/second. The primary protective functions are reactor trips on high
nuclear flux or a low DNB ratio.

2.3.3.3 Uncontrolled Rod Withdrawal, N-1 Loop Operation

This transient is like the previous except for the speed at which it
progresses and the f act that a reactor coolant is taken out-of-service
(pump shut off) as an initial condition, thus causing the DNB-KW/Ft.
module to be automatically bypassed. The initial power is 70% and the
reactivity insertion rate is 3.3 pcm/second.

2.3.3.4 Cropped Rod Group

This transient is initiated by the dropping of a control rod group into
the core (negative reactivity step of 1000 pcm) causing an imediate
decrease in reactor power af ter which the control system attempts to

2-36
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4

recover to the initial conditions. Due to the primary / secondary system ,

i

j power mismatch, _ the primary system temperature ard pressure drop ini-
tially. The primary protective action is the dropped rod reactor trip
which is: armed by a sudden decrease in power and trips the reactor if;

the power rises above the minimum value following the event by more than

O' "-

!
,

2.3.3.5 Partial Loss of Forced Reactor Coolant Flow
i

4

This transient is generatea oy tripping one of the reactor coolant-pumps
and allowing it to coast down. The initial power . level of the plant is;

i 100%. The protective action is the low reactor coolant flow reactor
trip.

,

2.3.3.6 Inadvertent Startup of a Reactor Coolant Loop'

I

! This transient is the startup of a reactor coolant loop from the N-1
loop initial condition (70% power). The consequent surge of cold water'

leads to a power excursion in the reactor.

4

2.3.3.7 Loss of External Electrical Load

This transient .is simulated by stepping the steam flow out of the steam
4

j . generators from its initial nominal value to zero a's would be the case

| . with rapidly closing turbine throttle valves. The steam dump system is
i assumed to be inoperative, thus, the primary and secondary system pres-

sure rise rapidly. The principal protective action is the high pres-
i surizer pressure trip.
{

i 2.3.3.8 Loss of Normal Feedwater

i This transient is simulated by stepping.the feedwater flow to all four

|
steam generators to zero. The intnediate effect is a f alling steam gen-

]
erator water level and an increase' in the reactor coolant temperature.

.due to the loss' of- heat sink.'

: O 2-37 i
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2.3.3.9 Excessive Feedwater at Full Power

Excessive feedwater, three times nominal to one steam generator, could
possibly be caused by a f ailed control system or valve. It in turn

causes a rising steam generator water level, which leads to a reactor
trip, and a cooling of the primary system, which causes an increase i
reactor power level due to the negative moderator coefficient of
reactivity.

2.3.3.10 Excessiva Load Increase

An excessive load increase, simulated by a 10% increase in steam flow,

causes the cooling of the primary system and, hence, the increase of the
reactor power. Protection is provided by the overpower reactor trip

functions.

2.3.3.11 Accidental Depressurization of the Primary System
.

Although LOFTR1N is not specifically designed to' handle tnis type of

( transient, it can be approximated by reducing the actuation setpoint for

| the pressurizer relief valves so that they effectively stick open. The

! principal protective actions are the low pressurizer pressure reactor
trip and safety injection, and the low DNB ratio reactor trip.

2.3.3.12 Accidental Depressurization of the Secondary System

Although it was in the original plans to perform this transient, it was
realized that it is, from the viewpoint of the integrated protection
system response, identical to either Test Case #10 or Test Case #15,
depending on the initial condition. It was therefore juoged to be
redundant and was deleted f rom the test plan.

O'
2.3.3.13 Comolete Loss af Forced Reactor Coolant Flow

l

This transient is generated in an identical manner to Test Case 55
fexcept that all four of the reactor coolant pumps are tripped and

allowed to coast down. For the injection of this transient' into the'

2-38 |
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prototype, .the flow signals from the. independent coolant loops will all

d be simulated by a single recorded channel. The primary protective<

functions are the low coolant flow and low pump speed reactor trips.

2.3.3.14 Small Primary System Break (LOCA)

The small LOCA is simulated or the purpose of these tests as a steam

generator tube rupture. The combination of this transient, the stuck

pressurizer relief valve (Case ell) and tne steam break (Case #15) span
the gamut of fluid loss accidents and exercise the safety injection'

actuation functions as well as related functions.

2.3.3.15 Small Secondary System Break

,

This transient is simulated as an eight inch diameter hole in the steam
piping which discharges to the containment atmosphere. The initial
c.ondition of the plant is low power level (1.0% nominal) to maximize the
effects of the cooldown. Again, safety injection actuation and its
related functions provide the principal protection.

2.3.3.16 Rod Ejection

The scenario of the rod ejection accident is that the housing of the
control rod drive mechanism on a high worth rod ruptures and the conse-
quent hydraulic forces thrust the rod out of the core. For this simula-
tion, the rod ejection is simulated by a 200 pcm reactivity step, how-
ever, LOFTRAN is not capable of modeling the concurrent loss of coolant
through the ruptured mechanism. This shortcoming was not considered to

,

be significant, though, because of the otner coverage of LOCA type tran-
sients. The principal protective actions for this transient are the

' reactor trips on hign neutron flux and hign rate M :hange of flux.

O'
'

2.3.4 ACCEPTANCE CRITERIA
j

i

As the simulated transients are injected into the integrated protection
system prototype, the response of the system is measured by recording
various actuation logic signals on strip chart recorders. These signals

| 2-39
| 5356A

. . .- .. . - - - - . - . - --- - .- . - . -



|

.

include system level actuation output, such as the reactor trip breaker |

actuation signal and the system level safety injection actuation, and
certain internal signals, such as the individual partial trip signals
that are the inputs to the Trip Logic Module. The acceptance of the
test results is based on a comparison of the actual measured first
occurance of the logic signal transitions to the predicted response of
the system.

It was determined in the development of the simulated transient test
plan that, due to the limited availability of test equipment, it would
not be practical to record the entire set of actuation signals identi-
fied for every transient case. Therefore, the subset of signals to be
recorded for each test case was selected based on Table 031.31-1 of
RESAR 414 This table indicates which of the protective functions of

the integrated protection system may be expected to occur '' the course
of a given transient. This basis for the limitation of the recorded
responses is justified by the concept that the purpose of this portion
of the system validation testing is to demonstrate that the performance
of the system is consistent with its design bases.

The acceptance review of the transient test results is a two step

process with the preliminary evaluation being based on the time of the
first transition of the recorded logic actt.ations relative to the start
of the transient. The observed elapsed times will be compared to
expected values which are derived from the simulc.ted transient data.
These exoected values are expressed as minimum and maximum evaluation

times, whose derivation is discussed below.
a,c.e

_ _

O
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The resulting acceptance criteria are listed for the recorded signals

i for each test case in Table 2.3.1 along with the observed values of the
:
1 event times.
|
.l

As was noted in'the Test Objective section, the measured responses of

the integrated system during the transient tests are not directly 'com-
para' le to the design basis transients analyzed in Chapter 15 ofb

! RESAR-414. However, the purpose of system validation testing is to

) demonstrate that tne system design meets its functional requirements.
j Therefore, the final acceptance criteria for the integrated system tran-

f. sient tests are based on the design bases documents for the Integrated i

! Protection . System. The fundamental requirement of the system is that it
S initiate certain actions when its inputs exceed prescribed limits. This

i requirement. forms the basis for the transient test acceptance criteria.
! The ACCEPT code, which calculated the preliminary evaluation range, was
I run again af ter the transient test results were known and the bistables

input values were printed .at the ' actual . t. ip times 'noted during the

i tests. . These inputs are then compared to limits derived from the system

[ design basis documents to. validate the system's functions. These accep-

! - tance limits are d'erived in the following manner. The Allowable Set-

[ \ .-point for each of tne bistables is taken from the Limiting Safety System
! Settings section'of the Technical Specifications (RESAR-414, Chap-

! ter 16). Th'en 'the specified cnannel accuracy is added to (subtracted
i

from) each of the Allowable Setpoints yielding the " Safety Limit."
;

!
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These channel accuracies, whir.h are taken from the 414 Standard Func-

tional Requirements, contain allowance for sensor error as well as the

inaccuracies of the cabinet located electronics. Since the sensors are
not a part of the integrated system prototype, no additional error
allowance is taken for the test setup. This acceptance analysis is
conservative in that it does not take credit for the response time
allowed f or each function. By the time the actuations of the system are
recorded, the inputs to the system have moved closer to the safety
limit. The actual response time of the system is not verified as a part
of these tests, rather it is measured by the IPC Automatic Test Sub-

Thesystem and verified daring the verification of that subsystem.
acceptance criteria generated in this way are listed in Table 2.3-1 for

each transient and bistable.

2.3.5 TEST RESULTS ANALYSIS
_.a,c,e
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TABLE 2.3-1 (cont.) {
,

Notes: ;

1. Measured trip or actuation occurred outside of calculated evaluation g
T |range.

|

l

2. No trip or actuation was predicted for this variable. !
1

3. Lack of maximum evaluation criterion indicates that trip or !

actuation may not occur.
!
,
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. TABLE ?.3-2
'

.

O:

KEY TO ACTING SIGNAL CODES'

1

Mnemonic Signal Units'

O;
CONTP Containment Pressure psig

i IRNIS Intermediate Range' Neutron Flux amps detector current

PPLL- Pressurizer Pressure, Lead / Lag psig
;

Compensated j

j PRZRL Pressurizer Water Level % of span

PRZR? Pressurizer Pressure psig
,

QKWF- Maximum Kilowatts per Foot kw/ft

QN16 N-16 Reactor Power Fraction of nominal
; RCFLOW Reactor Coolant Flow Fraction of nominal
;

RCPSPD Reactor Coolant Pump Speed Fraction of nominal

: RLNIS Neutron Flux, Rate / Lag Compensa- Frac. of nom, power

tion
;

*
i RX T-io Reactor Trip -

! SGLVL. Steam Generator Water Level % of span

SRNIS Source Range Neutron Flux Counts per secondi

O
TCLD Cold Leg Temperature F

0
TCLC Cold Leg Temp., Lead / Lag Compen- F

sated

TOTNIS Total Neutron Flux, Power Range Fraction of nominal
i

O

: O
.
,

;

.
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TABLE ?.3-2
-

KEY TO ACTING SIGNAL CODES
.

!
,

Mnemonic Sional Units

CONTP Containment Pressure psig'

IRNIS Intennediate Range Neutron Flux amps detector current

PPLL Pressurizer Pressure, Lead / Lag psig

Compensated

PRZRL Pressurizer Water Level % of span

PRZRP Pressurizer Pressure psig

QKWFT
Maximum Kilowatts per Foot kw/ft

QN16 N-16 Reactor Power Fraction of nominal
,

.RCFLOW Reactor Coolant Flow Fraction of nominal

RCPSPD Reactor Coolant Pump Speed Fraction of nominal

RLNIS Neutron Flux, Rate / Lag Compensa- Frac. of nom. power
i

tion
, * -

RX Trip Reactor Trip'

SGLVL Steam Generator Water Level % of span

SRNIS Source Range Neutron Flux Counts per second
O

TCLD Cold leg Temperature F
0

TCLC Cold Leg Temp., Lead / Lag Compen- F

sated

TOTNIS Total Neutron Flux, Power Range Fraction of nominal

|

O 1

'
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3.0 SYSTEM DESIGN SPECIFICATION SIM1ARY

In order to provide an overall definition of the System Design Specifi-
cation (SDS), Westinghouse Nuclear Technology Division (NTD) provides a
top level " Master Reference Document," to the Actual Equipment Supplier

(AES) and other interested groups. This " Master Reference Document,"
together with its listed documentation references, is the Westinghouse
NTD System Design Specification for the IPS Prototype. It includes

specifications, system drawings, standards and procedure guidelines for
manuf acture and testing for both the hardware and sof tware aspects of

the system.

The SDS is under revision control and the drawings and documents for the

base line design are listed in the Appendix of this document.

The AES receives the SDS when the purchase order is placed and any

changes to the SDS are documented by the purchase order documentation.

The drawings and documents submitted by the Supplier (AES) are con-
trolled at Westinghouse NTD by the purchase order policies and proce-

; dures and all records are kept in an auditable' file.

The SDS (as referenced by the " System Specification Master Refererce
Document," SD-IPLS-593, Revision 2) for the IPS Prototype, consists of

the following documents and drawings:

3.1 EQUIPMENT SPECIFICATION (E-SPEC):4

Westinghouse E-Spec 953230:
,

This E-Spec together with its listed references in Section 3.0 estab-
1

lishes technical and administrative requirements covering system related
' hardware phases of design, manuf acture and testing of the IPS. The
.

E-Spec contains specific requirements for:

,

3-1
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} 3.2 SYSTEM BLOCK DIAGRAM:
i

i
i Westinghouse Drawing 1218E17:

|

} This drawing represents the overall IPS architecture and its inter-con-

) nections. Specifically shown on this drawing are:
i a,c,e

:
)

i

.I
4
,

I

! O
i
j

i

i;
-

i e'
;

;
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3.3 COMPOSITE BLOCK DIAGRAMS
,

.

3.3.1 INTEGRATED PROTECTION CABINETS (IPC)
i

Westinghouse Drawing 8761096:

i

These drawings represent the implementation of the system functional
requirements, functional diagrams, flow diagrams, channel lists and;

Theother key documents for the IPC in both hardware and software.
. protection functions contained in the Integrated Protection Cabinets and
defined by these drawings are:

, a,c.e-
-

i

!

4

O.

,

4

h

4

|O |
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I

f
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i
i
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3.3.2 INTEGRATED LOGIC CABINETS (ILC)

Westinghouse Drawing 8761098:

These drawings represent the hardware and software implementation of the
functional requirements, functional diagrams and key document for the
ILC. The Train A Engineered Safeguard Features contained in the
Integrated Logic Cabinets and defined by these drawings are:

- a,c,i.

O
-

3.3.3 ILC INTERPOSING LOGIC AND POWER INTERFACE

Westinghouse Drawing 8763047

These drawings represent the implementation of functional requirements,
diagrams, system interlocks and electrical loads that the ILC control.
Complete definition .of all Train A load controls and position indication
are defined.

3.4 IPS MODULE LIST AND SPECIFICATION SHEETS

Westinghouse SD-IPLS-462

The Module Equipment List is a reference document. It provides listings

of all IPS hardware and sof tware modules by process function and phys-

ical location. All entries have unique tag numbers the.t match the

3-4
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:I

I i

!

Composite Block Diagrams. From this unique tag number, the following
additional reference information is provided in the Module Eauipment

,

List:>

Process Protection Function'

: Modt'le Description

Module Spec Sheet No.

Module Location

Purchase Order No.

Supplier
Drawing References

The Module Specification Sheets define the IPS nardware and sof tware
j

modules. Specifications for the various type modules typically contain
the following:

Module range

Engineering Units,

Module Accuracy.

Temperature / resistance conversion tables

Transfer functions
Tining
Alarm setpoints'

Algorithms
Definitions of variables

i Applicable Standards
i Documentation references

3.5 IPS SOFTWARE STANDARD:
.

Westinghouse SD-IPLS-590:4

l'

This Standard cefines the Westinghouse NTD requirements for the IPS'

Software. The areas defined by this Standard area:

O
:

'

|5356A
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Standard Scope

Administration Requirements

Design and Implementation

Verification
Documentation

Installation and Maintenance

3.6 IPS AUTOMATIC TESTING REQUIREMENTS

Westinghouse SD-IPLS-553:

This document provides the design basis for the automatic testing of the
IPS. The Protection Systm testing is divided into four classifica-
tions; automatic periodic test, continuous error checks, manual tests
and special tests. The contents of this document are:

Purpnse

Design Criteria
Automatic Periodic Tests
Continuous Error Checks
Manual Testing

Time Response Testing

Special Tests

3.7 IPS SYSTEM TEST GUIDELINES

Westinghouse SD-IPLS-582:

This document describes the integrated system verification test guide-
lines which are used as a basis for the System Test Procedure. It pro-

vides guidelines to verify that the IPS meets the Westinghouse NTD
requirements of the System Design Specification. The contents of this

1

i document are:
1

9
3-6
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Purpose & Objective

References

Prerequisites i

Test Methods & Practices !

Test Procedures
Acceptance Criteria

Functional Test Guidelines -

,

>

Setup Data for Verification Tests

3.8 REFERENCES

1. WCAP-9153; "414 Integrated Protection System Prototype Verification

Program."

2. WCAP-8899; " Westinghouse Model 414 Control System Signal Selector

Device."

3. WCAP-8897; " Bypass Logic for the Westinghouse Integrated Protection

System" -- Addendum 1.

4. Sketch -- Trip Logic System for 414 IPS SKJS-092977-I.

5. WCAP-8587; " Methodology for Qualifying Westinghouse WRD Supplied

NSSS Safety Related Electrical Equipment."

O

O
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4.0 HARDWARE VERIFICATION SUMMARY

The purpose of the hardware verification program is to ensure that the
equipment meets the performance requirements specified in the Equipment
Performance Specifications (EPS). The Actual Equipment Supplier's (AES)
hardware development group composes the EPS given design inputs from tne

O AEI's System Engineering group and Westinghouse NTD. The Westinghouse

NTO inputs are provided in, and taken from, the System Design Specifica-
tion (SDS) and participation by Westinghouse NTD ti, the AES product
definition meetings.

A standard format has been established for all EPS's and the performance
requirements for the hardware are contained in Sections 7 and 12 of each
EPS.

In this report, sections of each EPS have been provided to give defini-
tion of why the piece of hardware was developed and how 'it operates.

To obtain test results, Product Verification Test Procedures (PVTP) have
been established by the AES to test the performance requirements for

,

each piece of equipment covered in the EPS's, Sections 7.and 12. The
test results from the PVTP are then compared to the EPS. Any errors
found, discrepancies-between the EPS performance requirements and actual

test results, are recorded by a Request for Engineering Action (REA).
Standard formats have been established for the PVTP's and the REA's.

An identification of what hardware was verified, a sumary of the test
results and error incident reports and an EPS sumary and a PVTP sumary
are contained in this section of the report.

|

!

!
;

|

O !
4-1
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4.1 HARDWARE VERIFIED

Table 4.1 is a list, of what equipment was verified with reference to
EPS numbers, PVTP numbers and the verification status. The verification

status column entry is marked " passed" if testing has been completed and
test discrepancies, if any, have been corrected. The error incident
report summaries are in section 4.2 of this report indicating what
discrepancies occurred and the actions taken to correct these
discrepancies.

O
4.2 HARDWARE TEST PISULTS/ ERROR INCIDENT REPORTS

As shown in Table 4.1, all hardware has been tested, verified and
passed. For some equipment, during verification testing, errors were
found. These errors were documented in error incident reports (Requests
for. Engineering Action, REA) as well as the action taken to fix the
problem. In most cases, once the error was corrected, the verification
tests were run again and the test results recorded.

a,c.e

- O_

This section of the report provides summaries of the errors found and
the action taken to correct a problem. The errors are listed below in |
the order of the cards listed in Table 4.1.

1

1
.

O
4-2
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!
I~
:

!
; -~ a ,c .e
| EQUIPMENT:
i EPS N0:
1

PROBLEM:,
,

.

!
I

ACTION TAKEN:a

:

i EQUIPMENT:

| EPS N0:

! PROBLEM:
.

,

Pages 4-3 to 4-16 would appear
'

j ACTION TAKEN: blocked out in this format,
! therefort, are not being
'

printed to conserve paper.
I

j EQUIPMENT:
i

! EPS NO:

! PROBLEM:
'

i

.
ACTION TAKEN:

i

:

EQUIPMENT:
'

EPS NO: -

:
! PROBLEM:

i

:

| ACTION TAKEN:
;

! EQUIPMENT:

| EPS NO:
|

| PROBLEM:
!

'

ID :
ACTION TAKEN:

:

-
'

--

b
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e

(

| 4.3 CAC - ANALOG CONDITIONING CARD

! 9
| 4.3.1 QAC EQUIPMENT PERFORMANCE SPECIFICATION (EPS) 051177 SUMMARY

| DESCRIPTION
i
1

4.3.1.1 Equipment Purpose:

t _ -

4 a,c.e

!

! O
!

!

,

O
1

1

_ -

1

| 4.3.1.2 Equipment Description: i
i

i
; - -

a,c.e )

I

!
,

{
; _ -

! O
!

O
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1 i
, ->

1 ;

1
,

4.3.1.3 Salient Features
..

.

:

9 1.

.

-

. a,c.e ,

j

i
!

2. |
| !

9 ;

3.
'

!

|
|

4.

,

!

5.

6.
-

4.3.1.4 Groups Provided

~ ~ 'a,c.e

9

h

!

i
.

e |
, .

l
I
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_

!
r

9
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_ ~

a,c.e

O
- -

4.3.2 QAC PVTP 6821A68 SUMMARY DESCRIPTION

4.3.2.1 Purpose of Test

The purpose of these tests is to verify that the QAC card performs as j

specified by the equipment performance specification DS1177, Revision 3. I

4.3.2.1 Eouipment Tested
|

4.3.2.2.1 Identification

1. Westinghouse Industry Systems Division (ISD) series "Q" Analog
Conditioning card - 2840A86.

2. Serial number assignment:

ASSEMBLY STYLE REV NAME SN

2840A86 G01 B 1 QACS 825279

2840A86 G01 B 1 QAC5 825280

2840A86 G03 C 1 QAC11 822921

2840A86 G04 C 1 QAC12 817215

4.3.2.2.2 Description and Specification

Performance and environmental specifications are taken from Sections 7

and 12 of D31177 for the analog conditioning card.

| 4.3.2.2.3 Test Details

O
4-19

2612A

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



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

! General Approach
!
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: \

|

@
|

;

!
1

|
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!
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j |
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|
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1

|

1

|
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1
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4.4 QA0 - ANALOG OUTPUT CARD
|

'

| l

h
.4.1 -

|
4 QA0 EPS D51165 SLHMARY DESCRIPTION

1
!
t

l4.4.1.1. Equipment Purpose:
_ |

i
.

- a,c.e

O
,

I
-

'

_,

!
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a,c.e-

O|t

l

_
1-

4.4.1.2 Equioment Description:

|-

~ a ,c .e

|
, c

i i

i

|

hi

-

4.4.1.3 Salient Features

7 a,c.e-

1. ,

2.

:
{ 3.

4

5.

6.

7.

8.

-
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O
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,

i i

t i

; |

i ;

i

| 4.4.1.4 System Configuration
_ a,c,e_

,
-

)
!

]

!
-

-

| 4.4.2 QA0 PVTP 6821A62 SUMMARY'OESCRIPTION

! ()
1 4.4.2.1 Purpose of Test:
,

i The purpose of these tests is to verify that the QA0 card performs asl

3 specified by the equipment performance specification 0S1165 Revision 3.
!
!
! 4.4.2.2 Eauipment Tested:
!
i
1 4.4.2.1.1 Identification
i

1. Westinghouse ISO series "Q" ANALOG OUTPUT CARD; 2840A21j
i
i

2. Serial number assignment:

ASSEMBLY STYLE REV NAME SN

2840A21 G01 F 3 QA08 825896 ,

3

1 2840A21 G02 I 4 QA08 826659

2840A21 G03 J 4 QA013 826662

; 2840A21 G04 J 4 0A013 826666 !
4

.
2840A21 G07 F 3 0A014 318183

4

4.4.2.1.2 Description and Specification
,

J

i

Performance and environmental specifications are taken from Sections 7
3

and 12 of DS1165 for the analog output card.

4-22 ,

i
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4.4.2.1.3 Test Details |

,

General Acoroach
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f 4.5 QAI - ANALOG INPUT POINT CARD
t-

4.5.1 QAI EPS 051122 SUMMARY DESCRIPTION

I ' 4.5.1.1 Equipment Purpose
1 ;

i -,

.i
a .C ,e :

; ;

! r

I i

i
j !

O !'
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4.5.1.2 Ecuipment Description ,

I
'

|
- a,c.e-

,

i

I
<
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4.5.1.3 Salient Features
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- a,c.e
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1 4.5.1.4 System Configuration ;
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I 4.5.1.5 Operational Summary |
t i,

E M

4,C,0 ,

f
'

'

i

| !
i !
I f
I i

,
I

|

.I
|

I

O |
,

i
i

i

Oh 4

""

n APeeame ,

I

t -

| !
.!.

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



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

D**D "11 ~9~
dk foo o _:2

4.5.2 OAI PVTP 6821A60 SUMMARY DESCRIPTION

}
4.5.2.. Purpose of Test-

,.
.

,

,

I
I The purpose of these tests is to verify that the OAI card performs asJ

specif'ed by tne equipment performance specification DS1122 Revision 2.

4.5.2.2. Ecuioment Tested

4.5.2.2.1 Identification

1. Westingnouse ISD series "Q" Ana'og input point card. Analog input

;:: int card -- 2840A19.

2. Se-ial number assignment:
i

'

!
! ;5SEMBLY STYLE REV NAME SN

I'
*

:

I
2240A19 G01 K 3 QAI8 821971

2540A19 G05 G 2 OAI19 86115

! II40A19 G06 J 2 QAI27 809641

I 2340A19 G07 J 2 0AI28 818913
s

!

4.5.2.2.2 Description and Specification
i
j

Performance and environmental specifications are taken from Sections 7

| and 12 of DS1122 for the analog input point card.
,

O
:

!

|

i O
:
:
1

0
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4.5.2.2.3 Test Details

1 O
| General Approach
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4.6 OBI -- DIGITAL INPUT CARD

4.6.1 CB: EPS D51175 SUMMARY DESCRIPTION,

4.6.1.1 Eauipment Purpose

- -

a,c.e

O

- 4

4.6.1.2 Eauipment Description

.- -

S,Cse

-
.

O

G.
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i

4.6.1.3 Salient Features
-- a,c.e

2.

; O 3.
I

4

5.
|
!
2 6.

-

4.6.2 QBI PVTP 6821A63 SUMARY DESCRIPTION

I
4.6.2.1. Purpose of Test

The purpo.e these of tests is to verify that the QBI card performs as

,
O specified by the equipment performance specification 051175 Revision 2

$
1 i4.6.2.2 Eauipment Tested4

}
}

j 4.6.2.2.1 Identification

j 1. Westinghouse ISD series "Q" Digital input card -- 2840A80
|

| 2. Serial number assignment:

: O
| ASSEMBLY STYLE- .REV NAME SM

i

; 2840A80 G01 A 1 QBIl 811065

2 2840A80 G04 A 1 QBIl0 807191~

.
2840A80 G07 A 1 08I13 812581

;

2840A80 G08 A 1 08114 804838.

4

: O
4

4-292
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.6.2.2.2 Description and Specification

Performance and environmental specifications are taken from Sections 7

and 12 of DS1175 for the digital input card,

a.6.2.2.3 Test Details

^+meral Aporoach
a,c,e

-
-

O

O,

.

O
_

_

O
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j 4.7 0B0 - DIGITAL OUTPUT CARD

4.7.1 080 EPS 051174 SUMMARY DESCRIPTION
,

! '

|

| 4.7.1.1 Equipment Purpose '

1
,

- ,

a,c.e i
i t
l'

f :
! !

! i

T
A

|e ,
,

>

.. .

! :
i !

i j

i
I

|

i

!
!

!
. ,

;
I_

4.7.1.2 Equipment Description
I

6
_ _

4 a,c.e

; ;

4

;

j

t

,

.

i _ -

|

!
4 i

-

.

a

i 6 :

i

i :
!

i
1-

| @ ,
i I

: '

t \

I <

| |

t

i 8 |
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I
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'

t

4.7.1.3 Salient Features

-
-

a,c.e
.,
..

;

2'

O
3.j

:
i

4

5.

6.
,

4

|
J 4.7.2 0B0 PVTP 6821A64 SUMMARY DESCRIPTION
!
'

l
' 4.7.2.2 Purpose of Test

The purpose of these tests is to verify that the QB0 card performs as
specified by the equipment performance specification D51174 Revision 2.

I 4.7.2.2 Ecuipment Tested

| 4.7.2.2.1 Identification
i
t

1. Westinghouse 150 series "Q" Digital output card -- 2840A79

:
;

4 . Serial number assignment:
i
i

I
ASSEMBLY STYLE REV NAME SN

2840A79 G01 0 1 GB01 806468

2840A79 G01 0 1 0B01 807322
3

| 2840A79 G03 0 1 0B03 815273

|

|
4-32
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*
i
.

i
'

.

'

4.7.2.2.2 Description and Specification

Performance and environmental specifications are taken from Sections 7'

I and 12 of OS1174 for the digital output card. )
; r
'

1

4.7.2.2.3 Test Details
f

1
<

! General Approach

i --
i a,c.e

1 :

i ,

!
,

r

$ I
'

t
1 .

e

!
: t

1 :
! !

! ,

i :

|@ !

1

!

; !

;
,

t.

,

@
:

1

1
4

4
.

.

1

- -
;

!
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<

!
:

i

4.8 QCI -- CONTACT INPUT CARD

4.8.1 QCI EPS 0S1189 SUMMARY DESCRIPTION

4.8.1.1 Ecuipment Puroose

a.C,e

O

.

O.

- -

4.8.1.2 Eauipment Description

-

j a,C,e
i

O

O
:
i _-

O
! 4-3L
,

h

5123A
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4.8.1.3 Salient Features
~

a,c.e~
.

2);

'

3)

:

| 6)

7)

! -
- ,

4.8.2 QCI PVTP 6821A69 SUMMARY DESCRIPTION4

4.8.2.1 Purpose of Test

|
The purpose of these tests is to verify that the QCI card performs as
specifled by the equipment performance specification DS1189 Revision 2.

j 4.8.2.2 Equipment Tested

I' 4.8.2.2.1 Identification

A. Westinghouse ISD series "Q" Contact input card - 7379A06
4

8. Serial number assignment:

ASSEMBLY STYLE REV NAME SN2

O
-

7379A06 G01 C 2QCIS 818482

7379A06 G01 C 20CIS 818503

7379A06 G02 C 20CI6 824459

4.8.2.2.2 Description and Specification'

:

Performance and environmental specifications are taken from Sections 7
and 12 of 051189 for the contact input card.

4-35
1,
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!
'

'

i

I

1

:

4.8.2.2.3 Test Details O
General Approach

i

~

a,C,0~

0
1

i
:

O-
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,, I

|

|

|

|

O

4
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l
|
|

|
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|
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! 4.9 ODI - DIGITAL INPUT CARD

: @ |
J 4.9.1 _QOI EPS 0S1141 SUMMARY DESCRIPTION

]
'
; 4.9.1.1 Equipment Purpose

|
t

-
~ a,c.e_,

i

i
,

@
4

i

:

,

:
|

!
'

j .._

I
,

!. 4.9.1.2 Equipment Description
I
&

j a,c.e
:

.. . .

i
!

1

i
i
i

|
,!

!@- _ . .

i 4.9.1.3 Salient Features
?
!

-
, a,c.e
i 1)

| 2)

! 3)
! 4)
1

i. -

b

O'
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,

!

L- - a,c.e

[
6)

'

7)
- --

;

4.9.2 00I PVTP 6821A70 SUMMARY DESCRIPTION

4.9.2.1 Purpose of Test

The purpose of these tests is to verify tnat the ODI card performs as,

1

! Specified by the ecuir. Tent performance specification 051141 Revision 5. i

4.9.2.2 Eauicrrent Tested

4.9.2.2.1 Identification

A. Westinghouse ISO series "Q" Digital i put card -- 2840A13n

I

b. Serial number assignment:

O
ASSEPSLY STYLE REV NAME SN

I
' 2840A13 G02 3 30012 80660

2840A13 G04 8 300I4 80661

2840A13 G06 F 300111 809725 !

4.9.2.2.2 Descriotion and Specification'

Performance and environmental specifications are taken from Sections 7

and 12 of DS1141 for tne digital inp'ut card. |'

|

4.9.2.2.3 Test Details

| General Appecach i

i i

|
- ~

a,c.e j

. .

I
~

f
l-

5123A 4-38
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4.10 CMC -- MICROCOMPUTER CARD

I

4.10.1 CMC EPS 051139 SLMMARY DESCRIPTION'

!
|
' 4.10.1.1 Eauipment Purpose

-
_.

3,c .e

!
,

,

! -

I4.10.1.2 Eauipment Description i

._
-

a,C,e |

|
!,

1

|
i

|

O
,

a

!

O

_ _

O
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1

..

a,c.e_

,

O
!

f

I _
_

4.10.2 QMC PVTP 6822A39 SUMMARY DESCRIPTION

4.10.2.1 Purpo e of Test
,

!

) The purpose of these tests is to verify that the QMC card performs as

j specified by the equipment performance specifications 051139 Revision 2.

; 4.10.2.2 Equipment Tested

:

4.10.2.2.1 Identification

! A. Westinghouse 150 series "Q" MICROCOMPUTER CARD -- 2840A10

| B. Serial number assignment:

.i

ASSEMBLY STYLE REV MAME SN'

2840A10 G02 K 2QMC10 917809

2840A10 G02 K 20MC10 915186

O 2840A10 G02 K 2QMC10 830445
i

'4.10.2.2.2 Description and Specification

Performance and environmental specificaticns are taken from Sections 7
and 12 of ')S1139 for the microcomputer card.

J

O
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4

!
(
f ,

1 I

! ,

!
t

i

i
li

'

4.10.2.2.3 Test Details
,

8
,

1 General Approach :
,

i

j -

a.c,e
I (~

O
,

I
|

9
,
e
'

!

I
e

i

)
:

|

|

; O,

4

|,

! !

I

l i

>

!
,

i

1, 0
t

!

,

: O4
i ,

l i
4

4

4
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4.11 QMD - DATA LINK CONTROLLEk CARD

e |
QMD EPS 051173 SUMARY DESCRIPTION

, Equipment Purpose

~~ a,c.e-

O
,

!

!

!

!
!

|

|

|-

!
I i

! {
! '

i .!
!

1 |
4

i
4

:
. -._

1
1

4.11.1.2 Equipment Descriptiqn,'

""

a ,c .e'~

1

,

|e
|

--

:

; o .
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|

|

1 |

|
;

I
- ~

| a.c.e

! 9

O

O

{ 4.11.2 QMD PVTP 6822A41 SUMMARY DESCRIPTION

4.11.2.1 Purpose of Test

TN purpose of tnese tests is to verify inat the QMD card performs as
specified by tne equipment performance specifications D51173 Revision 3.

4.11.2.2 Eauipment Tested

4.11.2.2.1 Identification
I

| A. Westinghouse ISD series "Q" DATA LINK CONTROLLER CARD -- 2840A83

|

B. Serial number assignment:

ASSEM8Lf STYLE REV NAME M

2840A83 G01 '. 10MD25 901054

2840A83 G02 L 10MD26 831776

2840A83 G03 K 10MD23 901080

5123A 4 44
t
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i
. !

I

!
t

'4.11.2.2.2 Description and Specification

@ !
' Performance and environmental specifications are taken from Sections 7

, ,

I and.12 of D51173 for the data link controller card. |.

i

4.11.2.2.3 Test Details
i

General Approach I

a,c.e

!O t
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:
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1
,
t a,c.e
t -
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1
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:
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|
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9

!
!

*
,

.

|<

: 4.12 QME - MEMORY EXTENDER CARD |
i :

O-

4.12.1 QME EPS DS1166 SUMMARY DESCRIPTION [j

: i
:

| 4.12.1.1 . Equipment Purpose !

{ a,c.e-
_ .

,

i

i
: ,

T

!
'

;

i

i

i i

.

-

!
I

i

l

i

I

: O
-

;

,

4.12.1.2 Equipment Description
4 |

-
; a,c.e

1
:

1

I

!

!

\

;

i

;
&

i

I

|
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-

- a,e,c

1

:

I
!

!

! O
!
<

-

_

4.12.2 QME DVTP 6822A40 SUMMARY DESCRIPTION

4.12.2.1 Purcose of Test

The purpose of these tests is to verify that the QME cara performs as
specified by the equipment performance specification D51166 Revisien 2.

4.12.2.2 Ecuipment Tested

4.12.2.2.1 Identification

A. Westinghouse ISD series "Q" MEMORY EXTENDER CARD -- 2840A15

B. Serial number assignment:

ASSEMBLY STYLE REV NAME SN

O
| 2840415 Gol E 20ME8 815224

[ 2840A15 G02 F 20ME12 830350

| 2840A15 G04 F 2QME11 819996

O'

O
4 48
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T

<

!
.

I,:
! l

1
a

4.12.2.2.2 ' Description and Specification |

!
i

Performance-and environmental specifications are taken from Sections 7 |

| and 12 of 0S1166 for the memory extender card. ;

i
|

|

4.12.2.2.3 Test Details
i

l

General Approach )
a,c.e |
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I a,c.e .
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:
i

'4.13 OMS - TWO PORT SHARED MEMORY CARD,

1

'

4.13.1 QMS EPS DS1179 SUMMARY DESCRIPTION ;

i

! 4.13.1.1 Eauipment Purpose ;

t- .

i a,c.e-'
<-

!

i

|
t

1

'!

! l

! |
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I |
,

1

1
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'
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; 9
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i

j 4.13.1.2 Eautoment Description

- a,c.e-

:

I
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1
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s
i

| -

a,c.e~

! e
l

O

! O
t i

! |

|

|

| -
_

i

I

| 4.13.2 OMS PVTP 6822A42 SUMMARY DESCRIPTION

| O
f 4.13.2.1 Purcose of Test

The purpose of these tests is to verify that the QMS card performs as
specified by the ecuipment performance specification DSil79 Revision 2.

4.13.2.2 Eauipment Tested

4.13.2.2.1 Icenti#ication

O
A. Westinghouse ISD series "0" WO PORT SHARED MEMORY CARD -- 2840A80j

|
i

B. Serial numoer assignment:

ASSEMBLY STYLE REV NAME _$N

2840A80 G01 M 3QMS11 901464

2840A80 G01 M 30MS11 901465

2840A80 G02 M 10MS11 822169
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1
,

,
!

: 4.13.2.2.2 Description and Specification
.

|

. ,

Perfor. nance and ' environmental specifications are taken from Sections 7
'

and 12 of 051179 for the two. port shared memory card.

: '

! 4.13.2.2.3 Test Details ,

! i

; _a,c.e
~

| General Approach -

,

i 9
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i O
1
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1
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|
! 4.14 OPD OPP - 0-LINE CRATE PADDLE CARD l
>

i
\

i,
l

! 4.14.1 QPD, OPP EPS 051218 SUMMARY DESCRIPTION
|
t

! 4.14.1.1 Eauipment Purpose
a,c.e

| _

3
_

i

O
1.-

-

! 4.14.1.2 Eauicment Descriotion
| _

a,c.e
_

1

|

|

,

i
i

O
.

;

k

|

i

O'

O

,

! _

i

!
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1

!

!
i

| a,c,e-

. -.

l
' O

i

O
!

! O|
i

t

! (

!4.14.2 QPD, QPP ?VTP 7601A73 SUMMARY DESCRIPTION

i

l !4.14.2.1 Purpose of Testi

:

The purpose of these tests is to verify that the QPD, QPP card cerforms !

as specified by the ecuipment performance specification 05 1213 |

Revision 2.

t 4.14.2.2 Eauioment Tested
i

f |
'

} 4.14.2.2.1 Identification
\e '

|
i

A. Westinghouse ISD series 'Q' 0-Line Wraoper cards 2840A77 and

2840A40.
i
i

B. Serial number assignment:
\

| ASSEMBLY STYLE REV NAME |
t

!

| O|i
2840A77 G01 E OPPj

! 2840A77 G02 E OPP
i
! 2840A77 G02 E QPP

2840A40 G01 B QPD

2840A40 G02 3 QPD |
,

! 4-56
! l
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,

!
!

I
! .i

.
.

;

4.14.2.2.2 Description and Specification ,

;

: Performance and environmental specifications are taken from Sections 7 i

i
~ and 12 of DS 1218 for the 0 line crate paddle cards.
'

I
:

i

i, 4.14.2.2.3 Test Details
,

!- i
i '

| General Approach
a,c.e

t _

i
-

t

!O
4

e'
;

; @
1

i
i

!

!

.r

,

,

1

.

$ Q

t

.

*
t

m

I

; @
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!

4.15 OTB -- TIME BASE CARD

4.15.1 OTB EPS 051148 SUMMARY DESCRIPTION

4.15.1.1 Eauipment Purpose
_. a,c.e

_

|
|

O|
!

|
*

i

|

|

_
-

4.15.1.2 Eauipment Description;

"- 7 a,c e

i
|

O

O
I
i

|
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t
t
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4

_ a,c.e
.

-

j
1

i O
i
:

i O
1
e

I

O:

_
""

s

| 4.15.2 QTB PVTP 6821A61 SUMMARY DESCRIPTION
\
i 4.15.2.1 Purpose of Test

!

| The purpose of these tests is to verify that the QTB card performs as

j specified by the equipment performance specification G51148 Revision 2.

!O
j 4.15.2.2 Equipment Tested
;
a

i 4.15.2.2.1 Identification
|

A. Westinghouse ISD series "Q" - ANALOG TIME BASE GENERATOR CARD;4

i 2840A19

| 8. Serial number assignment:
i

i
; ASSEMBLY STYLE REV NAME _SN

;

I 2840A20 G01 E 20TB1 817366

2849A20 G02 E 2QTB2 805624
,i

2849A20 G03 F 20TB5 824036
:

:

I
i

O
,
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:

i 5123A

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



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

! 4.15.2.2.2 Description and Specification

Performance and environtrental specifications are taken fecm Sections 7
;
.

and 12 of DS1148 for the Analog Time Base Generator Card.'

4.15.2.2.3 Test Details

General Approach

,

.

.

O,
,

! |

|

|

|

|

|

9'
:
1

|

|

O\- -
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! 8,C,e
~
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d,

,

4

1

9
i

4 ,

i i

!!

i

-
m

I

-

1

!

1

4

!

i -

1
a

l
j

i =

i

|

!

,

I

I

|

O

.

*
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,

;
;

d.16 NAI - ANNUNCI A'OR INTERFACE 2ARD

I 4.16.1 NAI EPS DS1973 SUMMARY DESCRIPTION

4.16.1.1 Eauipment Purpose

-
a,c.e

O\
>

-

_

4.16.1.2 Eauipment Description

| - -- a,c,e
I

!

|
|

G

-

4.16.2 NAI PVTP SUMMARY DESCRIPTION
,

|

4.16.2.1 Purcose of Test

The purpose of these tests is to verify that the NAI card performs as
specified by the equicment oerformance specification D51073.

4.16.2.2 Eauipment Tested

4.16.2.2.1 Identification

A. Westingnoup: ISD series "N" Annunciator Interf aced card -- 2838A88

O
4-62
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|
4

4

i !

I B. Serial number assignment:
,

O
ASSEMBLY STYLE REV NAME

: !

!

! 2838A88 G06 9 NAI
!

i

;

| 4.16.2.2.2 Description and Specification

i

! Performance'and environmental specifications are taken from Sections 7
\

-and 12 of DS1073 for the annunciator interface card.
4

!
: 4.16.2.2.3 Test Details
{
'l

I General Approach
t
.i

a,c.e
._

i

!

i

,

|
|
;

i

i
'

1

!
, ._ _,

I

|
1
,

i

s

i

i
:

'

.

4
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I

_ a,c.e
-

| 9
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Oi
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,
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I
I
i

.

I

_

_

i O

O

O
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l
1

.. .

i

| 4.17 NAC - ANALOG COMPARATOR CARD
:
:
.

| 4.17.1 NAC EPS 051102 SUMMARY DESCRIPTION

.

4.17.1.1 Equipment Purpose
. a,c.e

!

,

"

!t
+

| l

i !
; :
j !

j
'

_

1- 4.17.1.2 Equipment Description
; _ a.c..> -

:

!
! l

]
I

,

,

,

,
1

i

:
.

i G
|

|

|

: O
,

.

M
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G<

1
.

I
|-

4.17.2 NAC PVIP VR-76 SUMMARY DESCRIPTION

; I

4.17.2.1 Purpose of Test |

The purpose of these tests is to verify that the NAC card performs as
specified by the equipment cerformance specification D51102 Revision 3.

4.17.2.2 Eouipment Tested

4.17.2.2.1 Identif ic ation

A. Westinghouse ISD series "N" analog comparator card -- 2838A32

| B. Serial number assignment:
i

!

j ASSEMBLY STYLE REV NAME M
|

}

! 2838A32 G01 4 3NAC1 3906

2S38A32 G01 4 3NAC1 3907

| 2838A32 G01 4 3NAC1 3908

|
2838A32 G01 4 3NAC1 3909

4.17.2.2.2 Description and Specification
;i

)
|

Performance and environmental specifications are taken from Sections 7
.

I and 12 of 051102 for the analog comparator card.

4.17.2.2.3 Test Details
,
i

General Approach _. a,c.e
-

O

_
_ ,
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$

a,c,e
_

._

-_.

i

|

|
|

|

|
i

I

}

i
1

I

|

l
|

|
.
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4.18 NCI - INPUT CARD i

|

|

|

? 4.18.1 NCI EPS DS1071 SUMMARY DESCRIPTION |
:
r
i

4.18.1.1 Eauipment Purcose _ a,c.e

i

I
;

i

i
!
:
i
i

-,

-,

I
j a.18.1.2 Ecuipment Description
; - a,c.e_
l

I

' i

| 9
i

i
,

i

i
4

a

|

!
l
!

! O
-

-

4.18.2 NCI, PVTP VR 71 SUMMARY DESCRIPTION;

4.18.2.1 Purpor o of Test

| The purpose of these tests is to verify tnat the NCI card performs as
specified by the eq ipment performance specification D51071 Revision 2.

4-68
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! t
>

r
'

4.18.2.2 Equipment Tested

:
:

j 4.18.2.2.1 Identification
,

| A. Westinghouse 150 series "N" Input card

B. STYLE 2837A86G01 Revision 5

Assembly Drawing 2837A86+

Name INCI2 i

4.18.2.2.2 Description and Specification

:

Performance and environmental specifications are taken from Sections 7
and 12 of DS1071 for the momentary output card.; ,

!
t

j 4.18.2.2,3 Test Details

i
i

i General Approach _ a,c.e'
._

! G)
!

5

I

- .

4

I
i-

!

!
|
i
|. ,

2

i
!
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| 4.19 NCP -- REACTOR COOLANT PUMP SPEED CARD

i @ 4.19.1 NCP EPS 0S1188 SUMMARY DESCRIPTION
i

,

|

1 ;
1

4.19.1.1 Equipment Purpose ]
a,c.e |

I
_

'
i

)
l
i

. ,

,

l
i

! I
.

,

i
k

I
i

f

1

1

i |
.

,

I I

!O l
- ,-,

i4.19.1.2 Equipment Description
|4

- a ,c.e |
! ,

i

I.

i

I

, ,

! '

i i

:
i

!
1 _

i

!

LG ,
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i

| 4.19.2 NCP PVTP 6822A37 $UMMARY DESCRIPTION

4.19.2.1 Purpose nf Test
,

i

! The purpose of these tests is to verify that the NCP card performs as
specified by the equipment perfcrmance specification DS1188 Revision 3.

4.19.2.2 Ecuipment Tested

4.19.2.2.1 Identification

A. Westingnouse ISD series "N" REACTOR COOLANT ?tMP SPEED CARD 7379A05
'

8. Serial number assignment:

ASSEMBLY STYLE REV NAME SN'

:

7379A05 G01 C 3NCP3 905745

7379A05 G01 C 3NCP3 906746
I 7379A05 G02 -- NCP 906749

!

4.19.2.2.2 Description and Specification

Performance and environmental specifications are taken from Sections 7
and 12 of DS1188 for the reactor coolant pumo speed card.

4.19.2.2.3 Test Details

O
| General Approach

- --

a,c e

O

|
L -

O
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4.20 NDC - CONTACT INPJT CARD

4.20.1 NDC EPS 051196 SJMMARY UESCRIPTION
,

t 1
,

i
11

1 4.20.1.1 Ecuipment Purpose i

I. _
a,c.e ,

-

, '

t
'

|
'

,

O
I

l '

,

|

|

|

|

' |
|

|
-

_
'

4.20.1.2 Ecuipment Description

-- a,c,e

,

!

I

i

|
|

|

|
.

O
,

O:
,
F

,

i

r
i

,
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4.20.2 NOC PVTP 6821A79 SUMMARY DESCRIPTION

O 4.20.2.1 Purpose of Test

The purpose of these tests is to verify that the NDC card performs as
specified by the equipment performance specification 051196 Revison 3.

4.20.2.2 Equipment Tested
6

J.20.2.2.1 Identification

A. Westinghouse ISO series "N" Contact Input Caro -- 7379A04

3. Serial numoer assignment:

ASSEM3LY STYLE REV NAME M

7379A04 Col 0 INDCl 817086

7379A04 G01 0 INDC1 817084O 7379A04 G01 0 INDC1 817805

i

=

| 4.20.2.2.2 Description and Specification

!
i

Performance and environmental specifications are taken from Sections 7
,

!

and 12 of 051196 for tne contact input card.
!
,

'

4.20.2.2.3 Test Details

3eneral Approacn |
'

.

4

a,c.e ;
' - -

i
|

lO
;

!
-

-

,

O
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4.21 NIL - INTEGRATED LOGIC CARD

! O
,

-| 4.21.1 NIL EPS 051123 SUMARY DESCRIPTION
I

a

4.21.1.l~ Equipment Purpose
- a,C,e_

i

e
_ -
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- a,c.e
_

i
,

! O

i

| O~ -'
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4.21.1.2- Equipment Description
- a,c.e

_

O
,

O
,

1
4

9
,
t
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4.21.2 N:L PVTP 6322A38 SLMMARY DESCRIPTION

;

4.21.2.1 Purcose of Test

Tne purpcse of tnese tests is to verify :nat the NIL carc performs as j
'specifiea oy tne equipment oerformance specification DS1123 Revision .

i

|
1

i
' 4.21.2.2 Ecui pmen t Testec ;

i

94.21.2.2.. Iden ti fic a tion

A. aestingncuse ISD series 'N" :NTEGRATED LOGIC CARD -- 2840A05.

B. Serial numcer assignment:

ASSEMBLY STYLE REV NAME $N

2840A05 301 E 3 NIL 3 306623

:340A05 302 E 3 NIL 2 310462

2840A05 G03 E 3 NIL 1 320395'

4.21.2.2.2 Description anc Specification

i Performance and environmertal specifications are ta(en from Sections T
|

and 12 of DS1128 for tne i tegrated logic card.

!

4.21.2.2.3 Test Details'

O
General Approacn

t

-- -- a , c , e

O

_ _

O
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! 4.22 NMA - ANALOG MIXING AMPLIFIER CARD
,

i
j 4.22.1 NMA EPS 051104 SUMMARY DESCRIPT 0N
i

!

4.21.N1 Equipment Purpose _a,c.e

O
I

O,

t

t

:
!
'

O~
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4.22.2 NMA P','TP VR-67 SUMMARY DESCRIPTION
;

4.22.2.1 Pur:ose af Test

The purpose ,f tnese tests is to verify that tne NMA cara performs as
specified oy :ne equipment performance specification DS1104 Revision 2.

O
4.22.2.2 _E:.io: qt Testec

O
6

4-80

G79Qa
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f

i

;
a

I 4.22.2.2.1 Identification

:
'

i A. Hagan Series 7300 Mixing Amplifiers
Style 2838A34i Card (NMA) ---

,

| B. Serial Numoer Assignments - S/N 1524, 1525, 1526, 1527

'
-

l

i 4.22.2.2.2 Description and Specification
\'

Performance and environmental specifications are taken from Sections 7 |

() and 12 of 051104 for the analog mixing amplifier card.

i 4.22.2.2.3 Test Details
\

; \

| |

4

General Approach,

I
- a ,c.e-
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:
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| 4.23 NMO MOMENTARY OUTPUT CARD i
i

1

!

.,

| 4.23.1 NMO EPS DS1194 sgMMARY ;ESCRIPTION

i O,
4.23.1.1 Equipment Purpose |

|- a,c,e
,

,

|

|
|

i

|

_ _ O| ,

.23.1.2 Eauioment Description
,

;
i

-- a,c,e i

i I

i

|
i

|

1

- -

G:
|
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4.23.2 TO DVTP 5321A77 SUMMARY DESCRIPTION

4.23.2.1 surpose of Test

The purpose of tnese tests is to verify that the NM0 cara performs as
specifieo ay tne equipment performance specification 051194 Revision 1.

4.23.2.2 Equipment Tested

4.23.2.2.1 Identification

A. Westingnouse ISD series "N" Momentary Output card -- 7379A02.

B. Serial number assignment:

ASSEMBLY STYLE REV NAME SN

7379A02 G01 0 INM01 826099

7379A02 G01 0 INM01 826109

7379A02 G01 0 INM01 826120

O

O __ _ . .

4-83
oo w . .]. .a

5728A

|
_ _ _ _ - _ _ . _
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4.23.2.2.2 Description and Specification |

Performance and environmental scecifications are taen from Sections 7
and 12 of D51194 for the momentary output card.

4.23.2.2.' Test Details

General Approach
_a,c,e

O
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!
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l
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4.24 NQO QUA0 OUTPUT CARD _'

:
.

!- 4.24.1 NQO EPS 051187 SUMMARY DESCRIPTION
*

i

I 4.24.1.1 Equipment Purpose _ a.c.e
4

j
!-

4

i i

| :
i

: !
'

|

|
,

i
4

i
t

;

|
1

i

-
4

|' 4.24.1.2 Equipment Description . a.c.e
'

i

! ,-

It

i
1

!

4

: .-

; |
.-

A fuse is provided for each circuit.i

j
.

; ;

4.24.2 NQ0 PVTP 6821A73 SUMMARY DESCRIPTION
.

'

i
4.24.2.1 Purpose of Test.

,

i Tne purpose of these tests 'is to verify tnat the NQ0 card perforias as ''

specified by the eqt. . ment performance specification 05i137 Revision 2.I '

,

!

|

0
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,
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4.24.2.2 Eauipment Testea

4.24.2.2.1 Iaentification

A. Westinghouse ISD series "N" QUAD OUTPUT CARD, 2840A57.

B. Serial numcer assignment:

ASSEMBLY STYLE REV NAME SN

2840A57 G01 D 2NQO3 818108

2840A57 G01 0 2NQO3 818121 1
!

2840A57 G01 0 2NQO3 818117 i

!

4.20.2.2.2 Description and Specification
|

Performance and environmental specifications are taken from Sections 7 ,

and 12 of DS1187 for tne QUAD OUTPUT CARD.

4.24.2.2.3 Test Details

General Approach
_ a.c.e

|

O
f

' O
_

_

9
4-86
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! 4.25 NQP QUAD LOOPS POWER SUPPLY
!

!
! 4.25.1 NQP EPS 051005 SUMMARY DESCRIPTION
1

| |
.

4.25.1.1 Equipment Purpose,

_.a,c.e
_

1

1

i
4

i
)

i

: --

|

: 4.25.1.2 Equipment Description
_ a.c.e!

,

i

i

!

!
!

|0
i

I
,

-
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4.25.2 NQP PVTP VR-50 SUMMARY DESCRIPTION|

O
r 4.25.2.1 Purpose of Test

I The purpose of these tests is to verify tnat the NQP card performs as
specifiec oy tne equipment performance specification D51005 Revision 1.

4-88
|
| 67?M
:

5
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.

I

! i

j '4.24.2.2 Equipment Tested |
t

I
|

4.25.2.2.1 Identification 1
4

1'

} A. Quad Loop Power Supply (NQP) Card !

I B. 7300 Series, Style 2822A97G01

i Assenbly Drawing 2822A97

Serial Numbers DEN 05-08, 09,10
,

i

4.25.2.2.2 Description and Specification

!

Performance and environmental specifications are ta(en from Sections 7 i
,

! and 12 of 0S1005 for tne Quad t.oop " -ei Supply Card.
!

) 4.25.2.2.3 Test Details
;
,

General Approach
i

"'8,C,e'
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4.26 NQT - QUAD OUTPUT CARD

4.26.1 NQT EPS 051184 SUMMARY DESCRIPTION
'

4.26.1.1 Equignent Purpose
a,c.e

_

|

|

|

O
-

_

4.26.1.2 Equipment Description
- a ,c.e

-

-

-

4-90
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d

4.26.1.3 Salient Features
- a.C,e

-

O'

;
4

i O
i

O-

-
-

4.26.2 NQT PVTP 6821A78 SUMMARY DESCRIPTION
'

:

4.26.2.1 Purpose of Test

i 1

1

'

The purpose of these tests is to verify that tne NQT card performs as
specified by the equipment performance specification 051184 Revision 1.

4.26.2.2 Equipment Tested

:

4.26.2.2.1 Identification

A. Westinghouse 150 series "N" Quad 3 Amp 120 VAC output card -

7379A03.

i

B. Serial number assignment: ;

!

i

SN| ASSEMBLY STYLE REV NAME
- 1

,

| ;

!

7379A03 G01 D 2NQT2 828216

7379A03 G01 D 2NQT2 828224 1

7379A03 G01 0 2NQT2 828226

;

O 4-91

5728A
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|
4.26.2.2.2 Description and Specification

d

!

! Performance and eavironmental specifications are taken from Sections 7
;

|
and 12 of 051184 for tne Quad 3 Amp 120 VAC Output Card,

t

4.26.2.2.3 Test Details

.

General Approacn
a,c.e-

i

!

|

*
|

1

O';

1

-,

1

O
|

:

-
-

.
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I 4.27 ^ NRA - RESISTANCE TEMPERATURE DETECTOR (RTD) AMPLIFIER CARD

4.27.1 NRA EPS.DS1017 SUMMARY.0ESCRIPTIONS ;

I,

! - 4.27.1.1 Equipment Purpose
, a,c.e

_

i
!
J

l
1

-

-

4.27.1.2 Equipment- Des'cription
- a,c.e

-

* '
;

!

$ -

1

4

!

1

i
!
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O
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4.27.2 NRA PVTP VR-60 SUMMARY DESCRIPTION

4.27.2.1 Purpose of Test

I
:
! The purpose of these tests is to verify that the NRA cara performs as

specified oy the equipment performance specification 05 1017 Revision 2.

O
i 4.27.2.2 Ecuipment Tested
f

4.27.2.2.1 Identification
|

| A. Hagan Series 7300 RTO Mplifiers

(1) RTD knplifier Card -- --- Style 2837A15G02

For platinum and nickel probes - witn output signal
cnaracterizer.

O
B. Serial Numoer Assignments:

G02 RTD Mplifier Carcs - - - = - 5/N 177, 178 and 179

O

! O
1

4-94

5728A

i
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4

I

|

I-
i
i

4.27.2.2.2 Description and Specification
;

}i -
Performanca and environmental specifications are taken from Sections 7
and 12 of DS 1017 for the RTD Anplifier card, for. the memory extender

card.

i
: 4.27.2.2.3 Test Details
|
!
'

General Approach a,c.e

.

1

|
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!
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! 4.28 NTB BREAKER TRIP BYPASS CARD

| 4.28.1 NTB EPS DS1207 SUMMARY DESCRIPTION
}
.

4.28.1.1 Equipment Purpose
a,c e

_ _ ,'
i

| i
.

4

1

i
f

a

| _ _

4.28.1.2 Equipment Description

:

: The NTB is a special purpose card wnich is part of the Westinghouse 414
i

i IPS.
a,c.e

._ _

G
!

!

:
,

!

!
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4

|
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i
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| 4.28.2 NTS PVTP 6821A75 SUMMARY DESCRIPTION
|

J.25.2.1 Purpose of Test
|

The purpose of these tests is to verify that the NTB card performs as
specified oy the equipment performance specification DS1207 Revision 2.'

i 4.23.2.2 Ecuipment Tested
1

4.28.2.2.1 Iden ti fica tion

A. Westingnouse ISD series "N" Breaker T-ip Sypass card - 2840A98
j

B. Serial number assignment:.

i

! ASSEMBLY STYLE REV NAME SN

| 2840A98 G01 B 2NTB1 826086

O
'

2840A98 G01 3 2NTS1 826069

2840A98 G01 3 2NTB1 826072

4.28.2.2.2 Description and Specification

i

Performance and environmental specifications are taken from Sections 7
and 12 of DS1207 for the creaker trip bypass card.

4.28.2.2.3 Test Details

Genera' Approach
a,c,e

-

i

- _

| 4-98

5728A
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. a,c.e '

i

1

'

i

| 9
I
i l
I i

i t

! i

I

i

!
!

!
t

|

|9
4

i
!

1

!

:
i
1
i
i

9
-

i

! 4.29 NTL - SREAKER TRIP LOGIC CARD
4

i
1

4

! 4.29.1 NTL EPS 051202 SUMARY DESCRIPTION

i,
1 4.29.1.1 Equipment Purpose
i. a,c.e--

|

| 9
i
,

i~
!

--
4 _

j

1
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e

9'

'

- 4-99

e 5728A
1

1

!'
d

= w -e n-- w- p . .--r--o,.-niir--.%+,-..w,-we, -wmcym.-%.--.-.w.,e--w,.r..%-.,w.___.._. - ew .



_ _ _.. . . _ _ _ _ _ _ _ _ _ . _ _ _ . _ _ _ _ . _ _ . _ _ _ . _ _ _ _ _ _ _ _ _ _ _ __

4

!

4.29.1.2 Equipment Description
- 3,c .e

-

O

O

|
|

i

- |

~

,

4.29.2 NTL PVTP 6821A76 SUMMARY DESCRIPTION

O'
4.29.2.1 Purpose of Test

Tne purpose of these tests is to veri #y '. It the NTL card performs as
specified oy tne equipment performance specification DS1202, Revision 2.

|

4.29.2.2 Equipnent Tested |

4.29.2.2.1 Identification

A. f ISD series "N" areaker Trip Logic Cara - 2S40A99 Revision C
|
,

I
j B. Serial number assignment:
|
|

! ASSEMBLY STYLE REV NAME SN

1

2840A99 G01 C 2NTL2 826575
4

9
4-100
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1
,
,

;

I:

I
..

!
i 2840A99 G01 C 2NTL2 826576 i

i 2840A99 G01 C 2NTL2 826577 I,

|
i '

i

I 4.29.2.2.2 Description and Specification,

O-

! Performance and environmental specifications are taken from Sections 7
'

|

and 12 of DS1202 for tho bre:ker trip-logic card.

.

g . 2,.2.2.3 res m t.iis
:
i

i General Approacn
;
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,
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!

4.30 M-BUS
i
.|

4.30.1 M-5US EPS 031178 SUMMARY DESCRIPTION
,

4.30.1.1 Ecuipment Purpose
_

_ a,c,e

|
1 I

b |
,

I

:
: I

!
l

!

-

4.30.1.2 Ecuipment Description
_ a,c.e

'l

i

|

O':
I

i

|

!

i

:
1

i

1 O
-

4.30.2 M-SUS ?VTP SUMMARY DESCRIPTION

This information will ce provided in a future revision of tnis document
as part of tne reverification process.

O
1

| 4-102
1
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4.31. UNIVERSAL INPUT /0UTPUT BUS (U108)

IG 4.31.1 010B EPS DS114A SUMMARY DECRIPTION
,.

|
:
'
,

>

4.31.1.1 Equipment Purpose
_ ,,g,, ,

i
i

l

|

|

I

|h
: i

!
! |

|

i
>

|
- .

f

4.31.1.2 Equipment Description I

: i

i ..c.. :
, _

i e
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i
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l
|

a.c.e_

!

|
\

O

4.31.2 UICB PVTP SU'' MARY DESCRIPTION

This information aill De provided in a f atare revision of this Joc .. rent
as part of the reverificatien process.

4.32 0-LINE/7300 SERIES P0 DER SUPPLY

i

i 4.32.1 POWER SUPPLY EPS DS1203 SUMMARY DESCRIPTION

4.32.1.1 Equipment Purpose

9

- _

O.

;

I

! a-104
!

{ 5728A

!
I
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:
1

!

|

4.32.1.2 Equipment Description _
a,c.e

_

,

6

|

!

O
:
|
t

O i
.

t
1

i
i ,

i i

,

|.
|

.

|
|

'

O
,

i
!
!

e

i
i
!

9
,

!

!
I

O
- -

h

'

O
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_
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4.32.2 ?0aER SUPPLY PVTP SUMMARY DESCRIPTION O
Inis information will be provideo in a future revision of tnis cocumnt

as part of the reverification program.

4.33 SOURCE RANGE MODULE (SRM)

4.33.1 SRM EPS SKRMP80177 EQUIPMENT SUMMARY DESCRIPTION

4.33.1.1 Eauipment Purpose
-

- a ,c .e

_
,_

4.33.1.2 Equioment Description
_ a,c,e |

-

6:

I
'
,

|

|
.--

4.33.1.2 Satient Features
-

._ a,c,e

G:

_
-

4-106

572SA
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i

_ a,c.e

!

' O
j

-

:
1

1

!O '

!
>

! !

!O_ _

!

4.33.2 SRf4 PVTP T-925870 TEST SUMMARY DESCRIPTION

4.33.2.1 Purpose of Test

i

The purpose of thesa tests is to verify that the Source Range Module

| performs to the functional requirements of System Specification

SKRMP80177 Revision 1.
'

;

I) 4.33.2.1 Equipment Tested
. t

The IPS Nuclear Instrumentation System Source Range Module - DWG.

i 1061E19 G01 Serial No. 0001 ,

i

;

I Reference Documents:
4

e
1

Source Range Preamp Assy 6079074

fi Source Range Preamp Card Assy 1061E21

NIS Module Assy 1061E19414

Module Power Card Assy 1061E06 .

j Log Pulse Integrator Card Assy 1061E11

Post Amp / Disc. Card Assy 1061E20'

Wiring List 2383A22

4.33.2.3 Test Details.

t

O'

4-107

5728A-
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i

General Approach
a ,C ,e

._
._

O
.

4

! O

; ,

.

O
,

4

I

l'

,

1

~

|
t

O
4-108

,

6

5728A
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e

i
i

! ;
*

4

_ a,c.e ,

i
-

;

9 ;

!

!

9
,

!

!

9 !
(

i

!

! !
! !

|
-

-
,

4.34 INTERMEDIATE RANGE MODUl.E (IRM)

!

| 4.34.1 IRM SKRMP 80177 EQUIPMENT SUMMARY DESCRIPTION

9 !
|

4.34.1.1 Equipment Purpose
_ 8,C,e

- ,
!

i

1
:

! -
; -

1

|
4.34.1.2 Equipment Description

_,a,c.e'
_

!

! 9
:

U
!

!

9
,

-
_

9
4-109 |

5728A
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| f

;

I

|

4.34.1.3 Salient Features
._

a,c.e

| O
!
|

O

i

!

. _ ,
,

.

i 4.34.2 IRM 2333A66 TEST SUMMARY DESCRIPTION

!

i

i 4.34.2.1 Durpose of Test

The purpose of :nese tests is to verify tnat Intermediate Range Module

| performs to tne functional repuirements of System Specification

| SKRMP80177 Revision 1.

4.31.2.2 Equipment Tested
:
,

The IPS Nuclear Instrumentation Intermediate Range Module, - DWG

1061E19 G02 Serial No. 91

Reference Documents:

IR Module Assemoly 1061E19G02

| Module Power Assy 1061E06

| Wire List 2333AS4

Log Level Amplifier Assy 1061E15G01

0
4-110

477Aa
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, t

! !

I i

! |

|
,

Westinghouse PWRSD Spec.. Sheet No. _NIS-5 Tag NY35A1

Westinghouse NICD Level II Specification SK 92277.01
j

| ' og Level Amp Design Justification SK JS-10-14-77 i
'i.

| I
i
' 4.34.2.3 Test Details

Oi
4 General Approach: ,

ja,c.e
-

|

1
,

|
4 ;

:
|
!

. ,

-I

'

,

i |,

|

|

O 1

;

:
.I -

; O -

,

!

.
-

O
4-111j.
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i

I I

i

i
|

4.35 POWER RANGE MODULE (PRM) O
|

\

| 4.35.1 PRM SKRMP 30177 EQUIPMENT $UMMARY DESCRIPTION

|

|

4.35.1.1 Equipment Purpose

.,

f

!
- O-

4.35.1.2 Eauisnent Descriotion
:l _ a,c,e
;

.__

!
i

l
|

I

:

! O
_

_

4.35.1.3 Salient Features
._ a,c,e

'

!

|

O
| _
| -

O
4-112
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!

|
a,c.e

_
_

!

! O_ . -

;
'.

PRM PVTP 2383A67 TEST SUMMARY btSCRIPTION
| 4.35.2

t
,

!

4.35.2.1 Purpose of Test

'

The purpose of these tests is to verify that the Power Range Module
1

performs the functional ; equirements of SKRMP80177, Revision 1.

4.35.2.2 Equipment Tested
;

4

The IPS Nuclear Instrumentation System Power Range Module - DWG.'1061E19'

| G03 Serial No. -001.

:
Reference Documents: |

:<

Power Range Module Assembly 1061E19 |
4

t

Power Range Module Wire Data List -2383A25

; Power Range Amplifier Assembly 1061E26

f
s.

Module Power Supply Assembly 1061E06

|
Shorting Plug 3377C40G01 !

!
!
; |

! '4.35.2.3 Test Details
!

{
:

: General Approach: a,c.e
I.

,
_

|
~

O
;

O.

-
_

: O
4-113

<

5728A ;

t.

4
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._
_ a,c,e

i

i O
.,

: O
i

I

I

O
i

!

!
,

!

i

O
i

_.

I 4.36 N-16 POWER MONITOR MODULE I
i

|

I

4.36.1 N-16 POWER MONITOR EPS SKRMPB0177 EQUIPMENT SUMMARY j

i DESCRIPTION

|

4.36.1.1 Eauipment Purpose
_ a,c.e

_

O:
,

_ _
'

O
4-114

5728A
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$

| !

i :

I

! 4.36'.1.2 Equipment Description
,

,,g,, j

|e- |
'

! >

! !
|- i

5

l

!
!

l
|

!@ !
'
, -

-

t.
,

| 4.36.1.3 Salient Features .

g,c,,i -

i.
-

!

!
J

:

!
!

!

F

i
1
J

1

i
L

le
-

,
._

1

4.36.2 N-16 POWER. MONITOR PVTP T-925871 TEST SUMMARY DESCRIPTION

- 4.36.2.1 Purpose of Test
t

|
The . purpose of ~ these~ tests _ is to veri _fy that the N-16 Power .tnitor
Module performs the- functional requirements of SKRMP80177, Revision 1.

i e
1 4-115

: 5728A
.
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'

i

;

i

!
i

4.36.2.2 Equipment Tested
.

I
i
J Tne IPS N-16 Power Monitor Module - DW3. 1061E19 G04 Serial No. 001

! Reference Documents:
4

!
i

! Module Assembly 1061E19

Printed Wiring Assemoly 1061E42
,

| Wire List 2383A24

i

i 4.36.2.3 Test Details

General Approacn:
.,. _ a,C,e

!

I

I
t

; e
i

!
;

!

! O
I

|
|

|
|
|

1 0

- -

4-116

6779A
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,

!

I

!

a,c.e
,

-
,

a

O
i

e
i

_

|
~

4.37 SOURCE RANGE PREAMPLIFIER (SRP)

4.37.1 SRP EPS SKRMP80177 EQUIPMENT SUMMARY DESCRIPTION,

:

|
'

4.37.1.1 Equipment Purpose '

~

|

| -
. _

4.37.1.2 Equipment Description a,c.e
_

'l
I

l

i

|
|

O
!
i

.

| 4'.37.1.5 Salient Features
{ a,C,e_

"
!

J

\O -
_

4-117
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,
_ _ _

,

_ a,C,e
_

O

4.37.2 SRP PVTP T-925870 TEST SUMMARY DESCRIPTION

4.37.2.1 Purpose of Test _

ine purpose of tnese tests is t, verify tnat tne Source Range
Preamplifier performs to the functional reauirements of System
Specification SKRMP80177, Revision 1.

4.37.2.2 Equipment Tested

The IPS N; clear Instrumentation System Scarce Range Preamplifier - DWG.

60790~l G01 Serial No. 0001

Reference Documents:

Source Range Preamp Assy. 5079074

! Source Range Preamp Card Assy. 1061E21

414 NIS Module Assy. 1C51E19 |
'

Module Power Card Assy. 1061E06

Log Pulse Integrator Card Assy. .J61 Ell

j Post Amp / Disc. Card Assy. 1061E20

I Wiring List 2383A22
i

O1
4.37.2.3 Test. Details ;

i

|
General Approach

a,c e
_

: i
| |
I i

I I

| L -
'

Q!
,

4-118

5728A j
i

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



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

_ a,c,e

|

|
|'

|

O
I

!
|'
I

O
|
| |

| |

|

|

|

l
|

|

O I
f
!,

,

!

r
.

|

)-

i

4.38 HIGH VOLTAGE POWER SUPPLY MODULE (HVPSM)

4.38.1 HVPSM EPS SKRMP80177 EQUIPMENT SUMMARY DESCRIPTION }

O t

i

;!
'

4.38.1.1 Equipment Purpose
_. a,c.e .|i -

|
,

1

0
|!-

.

I

O
.

4-119
|
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4.38.1.2 Equipment Description

_

_ a,c.e

|

O
'

,

!
-.

-

4.33.1.3 $alient Features
_ a,c,e

|

' O

-

4.38.2 HVPSM PVTP 2383A74 TEST SUMMARY DESCRIPTION

The purpose of tnese tests is to verify that the Hign Voltage Power
Supply Module performs tne functional requiremer,ts of SKRMP80177.

4.38.2.1 Equipment Tested

j

j The IPS Nuclear Instrumentation Sabsystem, Hign Voltage Power Supply

] Module - DWG. 1061E34 G01 Serial No. 0001

1 e
} Ref erence Documents:
1
i

Source Range Preamplifier 6079D74G01

Source Range Module 1061E19G01

Interraciate Range Module 1061E19G02

4-120
.
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i

,

i

Power Range nodule 1061E19G03

i Power Monitor Module 1061E19G04

High \'oltage Power Supply 1061E34G01'

I

i

4.38.2.2 Test Details-

| General Approae: a,c.e
! -
: -

1
:

i

|
,

a

I

|

..g

.,

I

?

t

i

.

k

*

i

|

4-121
;
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;

V

'

4 ,
' _ a,c.e

_

O.
i ;
! !

l

|
.

|
-

.

4.39 SAFETY GRADE DIGITAL R0D POSITION INDICATOR (SGRPI)
i

4.39.1 SGDRPI EPS ES-9553230 EQUIPME.T SUMMARY DESCRIPTION i

O;.

I,

4.39.1.1 Ecuipment Purpose |
_. a,C,e ;

(~ |<

1

~

l

4.39.1.2 Equipment Description
,, a,c,e

.

O

_
-

:

.

O
4-122

;
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_

!.

!
I a,c.e i

| ||
~

| !

!

i
!

i
i

!
,

: i

i e
!

j

!

:

!
i

!
i

I

9'

,

1
:

i

!

l
: -

!
-

| 4.39.2 SGORPI PVTP T-925873 TEST SUMMARY DESCRIPTION
!
l

J 4.39.2.1 Purpose of Test

;

!
The purpose of these tests is to verify that the Power Range Module

!
performs the functional requirements of Engineering Specification 953230

,

| Revision 0.
:

4.39.2.2 Equipment Tested .

i

f The Safety Grade Digital Rod Position Indication System - DWG. 1061E35

Serial No. 0001
.

|

|
|

4-123 j

|
e , ., n .
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i
i

! Reference Documents:

Temperature Sensor Assembly 6080067

| Data Cabinet Scnematic 1061E35
i
;

4.39.2.3 Test Details

i

General Approach:
; _ a,c.e

-
;

O

O
>

m

$'

O
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i

f
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r

!
:

|
:

|

i
1

.
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!
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a

1

i
!

i
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Ble . 1
: '

HARDWARE VERIFIED
,

t-
1 i

j Mnemonic Equipment Name EPS Number PVTP Number Verification,Statys . ;

I- a,c.e

QAC Analog Conditioning Card 051177 6821A68

j QA0 Analog Output Card 051165 6821A62 }
I

'

QAI Analog Input Point Card DS1122 6821A60
s
i QBI Digital Input Card 051175 6821A63 ;

QB0 Digital Output Card 051174 6fl21A64'
,s ,

QCI Contact input Card D51189 6921A69

QDI Digital Inpet Card DS1141 6821A70 -|
2 |-

QMC Microcomputer Card - 'DS1139 6822A39'

! QMD Data Link Controller Card 051173 6822A41 |2

l l
h QMB. Micro Bus Buffer Card Not Available Not Available

| QME Memory Extender Card D51166 6822A40 ;2

2
QMS 2 Port Shared Memory Card DS1179 6822A42

.

! QPD,QPP Q-Line Crate Paddle Card 051218 7601A73 .!
I t

j' QTB Time Base Card 051148 6321A61 i

I
-NAI ~ Annunciator Interface Card 051073 Not Available '

!
NAC' . Analog Computer Card 051102 VR-76*

NCI Input Card DS1071 VR-71

j NCP Reactor Coolant Pump Speed Card 051188 6822A37- ,

| NDC Contact Input Card DS1196 6821A79

i Nil Integrated Logic. Card 0S1128 6822A38 |

I i

j NMA Analog Mixing Amptitude Card DS1104 VR-67 :
- -

s
.

I

!

!
. . . -_ - . . - - . . .- _- - - _ _ . - . .-
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1

IABLE 4.1
liARDWARE VERIFIED (cont)

Mnemonic Equipnent Name EPS Number PVIP Number Verification Status
_ a,c.e

NMO Momentary Output Card 051194 6821A/7

i NQO Quad Output Card DSll87 6821A73

fiQP Quad Loop Power Supply Card 0S1005 VR-50

i NQT Quad Output Card 051184 6821A78

f HRA RfD Amplifier Card 0S1017 VR-60

! NTB Breaker Trip Bypass Card US120/ 6821A75

NTL Breaker Trip Logic Card 051202 6821A/6
1

! M--Bus micro-bus 051243 Not Available ,

t

M4-Bus M ic ro -bus DS1244 Not Available

1

i U10B Universal I/O Bus DS1144 Not Available
I
i

I) N/A Q-1ine/ 7300 Ser ies Power Supply D5120i NoL AvaiIable

N/A Source Rarige Module SKRMP80177 T-925870

N/A Intermediate Range Module SKRMP80177 2383A66
'

N/A Power Range Module SKRMP80177 2383A67

- -

,

i
!
;

# # # G G G G
:

_ _ _ _ _ _



O O O OE4.1 O O O
IIARDWARE VERIFIED (cont)

Mneman ic Equijnent Name EPS Number PVTP Number Verification Status
_ a,c.e.,_

N/A N-16 Power Range Module SKRMP80177 T-925871

N/A . Source Range Pre-amplifier SKRMP80177 T-925870

N/A liigh' Voltage Power Supply SKRMP80177 2383A47

N/A Safety Grade Digital RPI ES-953230 T-925873

-__

N/A - not applicable
NOTES:

1. This information was not available at the tine of printing and will be supplied in a future
revision of this document as part of the reverification process.

2. These cards are tested at room temperature only. All are undergoing modifications that will
correct problems resulting from operation at higher temperatures. A future revision of this
document which will cover the reverification process will- include all testing done on the
modified boards and will include information on the new Mx-Bus and QMB card which are part of

these modifications.

__ _ _ _ _ _ __
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I5.0 SOFTWARE NRIFICATION SUMMARY

The purpose of the sof tware verification program was to demonstrate that
I the IPS sof tware peformed the function defined by the Sof tware Perfor-

mance Specification (SPS), to review protection system sof tware with
,

! respect to its testabilty, and to generate documentation sufficient to
j accommodate independent second party review.
!,

) The Actual Equipment Supplier (AES) writes the SPS given design inputs
from their sof tware development group and Westinghouse NTD. The

Westinghouse NTD inputs are provided in, and taken from the System
Design Specification (SDS) and participation by Westinghouse NTO in the
AES sof tware development meetings.'

,

| ?. Standard format has been established for all SPS's and the performance

requirements for the sof tware processes are contained in two areas. The
I first area is the top level process SPS which defines the overall sub-

system perfomance; the second area is the lower level process SPS which
,

defines a specific process through sub-system decomposition.
1

In this report, sections of each top level SPS have been provided to
give definition of the purpose and the services performed by the process.

,

i i

To obtain test results, Scf tware Test Specifications (STS) have been
established by the Supplier (AES) to test the performance requirements
of each Sof twarc Performance Specification (SPS). The test results from
the STS are then compared to the SPS. Any errors found, discrepancies-

between the SPS, its code and the actual test results, are recorded viav,

a Verification Error Report Form. The error report form states what the
,

error or discrepancy was and what was done to correct the problem. A
,

standard format was established for the STS's and the format of the
v' error report is consistent because it is a standard form.

This section-contains a summary of what sof tware was verified; summary
)

.of the test results and error incident reports; an SPS sumary and a STS
p/,

(, s umary.

5-1
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5.1 SOFTWARE VERIFIED

Table 5.1 i s a table of major sub-system sof tware that was verified.
For each major sof tware sub-system, the table references mnemonics,
process names, SPS numbers (see note), STS numbers (see note), and the

verification status. The software error incident rescrt summaries are
in section 5.2 of this report, detailing all software test discrepancies
found and actions taken to correct them.

; NOTE: The SPS and STS numbers given in table 5.1 recresent blocks of

numbers assigned to each major sub-system. Not all consecutive
numbers are used in these block assignments. See sections

5.3-5.14 of this report for complete listings of all SPS's and
STS's.

5.2 SOFTWARE TEST RESULTS/ ERROR INCIDENT REPORT _5

As shown in table 5.1, the IPS all sof tware has been tested and verified
as meeting specifications. F & some software processes, during verifi-
cation testing, errcrs were 'ound. These errors were documented in
error incident reports (Verification Error Report (VER)) as well as the
action taken to correct the problem. This section of the report sum-

marizes the errors found and the action taken. The errors are listed in
the order of the major sub-system listed in table 5.1.

SOFTWARE

SUB-SYSTEM: System Support Modules 7ER NO: 007

SPS NO: SP50009 _ a,e.e
i

PROBLEM:

i e
_ _

5-2
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a,c.e
- ~

ACTION TAKEN:

REFERENCE: . . .

._-. _

SOFTWARE

SUB-SYSTEM: System Support Modules VER N0: 022

SPS N0: SPS0013 a,c.e

PROBLEM:

ACTION TAKE:

REFERENCE:
_

SOFTWARE

SUB-SYSTEM: System Support Modules VER NO: 026

. SPS NO: SPS0037 a,c.e
, __

PROBLEM:

| ACTION TAKEN:

REFERENCE:

SOFTWARE

-SUB-SYSTEM: DNBR-KW/FT Partial Trips Process VER NO: 003-

.SPS N0: SPS0228 a,c.e

PROBLEM:

-ACTION TAKEN:

9 REFERENCE:

5-3'
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i

1

|

|

'

O
SOFTWARE'

I

SUB-SYSTEM: DNBR-KW/FT Partial Trips Process VER N0: 004'

1

! SPS NO: SP50230
_

a ,c e
__

PROBLEM:.i

4

|
: ACTION TAKEN:
1
.i

| REFERENCE:
_,

.

SOFTWARE

SUB-SYSTEM: DNBR-KW/FT Partial Trips Process VER NO: 008

SPS NO: SPS0229
a,c.e

_

PROBLEM:

!

| ACTION TAKEN:

REFERENCE:
-

SOFWARE

SUB-SYSTEM: DNBR-KW/FT Partial Trips Process VER NO: 009

.
SPS NO: SPS0215 a,c.e

PROBLEM:

O
ACTION TAKEN:

'
REFERENCE:

- -

SOFTWARE Engineering Safety Features

SUB-SYSTEM: Partial Trios Process VER N0: 011

SPS N0: SP50335

5-4
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,

| W._ [^
j'; ,y.

! )
:
It
i a,c.e
; -.

PROBLEM:
!
!

!

| ACTION TAKEN:

i

i
'

i

!

i G
i

i REFERENCE:
;

__.

i.
! SOFTWARE Engineering Safety Features

f SUB-SYSTEM: Partial Trips Process VER NO: 012

! SPS NO: SPS0335 _.a,c.e
_

PROBLEM:

@
,

:

; ACTION T/ KEN:

1

)'
REFERENCE:,

!
-

!

SOFTWARE ' Engineering Safety Features,

I SUS-SYSTEM: Partial Trips Process VER NO: 023

t SPS NO: -SPS0300 _ a,c.e-
;

PROBLEM:

1
1

!

!
i

,-

L
5-5

4

i
. .



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

!
/

a,c,e

ACTION TAKEN:

i
,

REFERENCE:
_

_

SOFTWARE

SUB-SYSTEM: Trip Logic Computer Process VER N0: 001
a,c.eSPS N0: SPSO424, SPSO425

_
_

PROBLEM:

i
i
i ACTION TAXEN:
|

O
REFERENCE:i

-

SOFTWARE

SUB-SYSTEM: Trip Logic Computer Process VER NO: 020

SPS N0: SPSO410 a c.e
PROBLEM:

O
i

ACTION TAKEN:

REFERENCE:
1

i

! SOF74ARE IPC & ILC Communications

f SUS-SYSTEM: Bus Control Process VER NO: 013

| SPS N0: SP50611 ~ a,c.e
! PROBLEM:
!

- _

|
'

5-6
,

1

|
.

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

|

;

|
_ a,c.e

_

f ACTION TAKEN:

:!

! REFERENCE: _

,

i

SOFTWARE IPC & ILC Communications ,

SUB-SYSTEM: Bus Control Process VER NO: 014

i SPS NO: SP50613 - a,c .e
1 _

'
PROBLEM.

: O !
ACTIO ' TMEN:

t
REFERENCE:j

_

_

! SOFTWARE IPC & ILC Communications

; SUB-SYSTEM: Bus Control Process VER NO: 015
!

SPS NO: ,SPS0613 _ a,e,e
i

PROBLEM:

O>

ACTION TAKEN:

REFERENCE:'

_,-

.

SOFTWARE IPS & ILC Comunications j

SUB-SYSTEM: Bus Control Process VER NO: 016
,

_
c.eaSPS NO: ._SPS0612

PROBLEM:,

ACTION TMEN:

REFERENCE: -
_

O
,

O |.

1

i 5-7-
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i

!

!

!
,

SOFTWIRE IPC & ILC Comunications
VER N0: 017

SUB-SYSTEM: Bus Control Process

SPS NO: SPS0612 - a,e.e
_

PROBLEM:

O'
!

!

|

ACTION T/*EN:

REFERENCE: _

_
:

|
| SOFT,4ARE IPC & ILC Communications

SUB-SYSTEM: Bus Control Process "ER NO: 018
f a c.e
| SPS NO: SPS0612

I PROBLEM:
1

I

,

i

I ACTION TtF_N:

1

'

REFERENCE: -

_

SOFTWARE IPC & ILC Comunications

i SUB-SYSTEM: Bus Control Process VER NO: 019
I

_ a,c.e
{ SPS N0: _SP50612

'

f PROBLEM:

Oi'

ACTION TAKEN:

O
!

! REFERENCE: -'

5-8-
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|

!

<

!'

!
!

SOFTWARE IPC & ILC Comunicationsj

| SUB-SYSTEM: Bus Control Process VER N0: 021
,

'
1 a,c,e
! SPS N0: SPS0615 -

i
.

! PROBLEM:

! ',
'

;

:
5

j ACTION TAKEN:
i

|
.

I REFERENCE:
-

: _

!
;

| SOFTWARE

! SUB-SYSTEM: IPC Automatic Tester Process VER N0: 025 a,c.e'

! SPS NO: SPS0721
1

PROBLEM:
]

!@
:
1

! ACTION TAKEN:
i

!
i
I REFERENCE:
- _

SOFTWARE

SUB-SYSTEM: IPC Automatic Tester Process VER N0: 035

SPS 30: SP50722 a,c e

i PROBLEM:
!

!
Y

i

k

! ACTION TAKEN:
,

I

!
.

! REFERENCE:

i 5-9
i

!
4

, , , _ , . - - - - .
__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ -



._ _ _ ___ _____ _ _ _ ____ _ __ _

! e
i SOFTWARE
I
j SUB-SYSTEM: IPC Automatic Test'r Process VER NO: 036
.

a,c.e
SPS NO: _SPS0752 _

PROBLEM:

ACTION TAKEN:

REFERENCE: ,

,_,

;
i

SOFTWARE i

SUB-SYSTEM: IPC Automatic Tester ? ocess VER NO: 033

: SPS NO: __SPS0753 -a,c,e
!

PROBLEM:

.

ACTION TAKEN:

REFERENCE:
-

-

SOFTWARE;

| SUB-SYSTEM: IPC Automatic Tester Process VER NO: 030

SPS NO: 3PS0754 a,c.e

PROBLEM:

ACTION TAKEN:
1

1
_ -

;

SOFTWARE

SUB-SYSTEM: IPC Automatic Tester Process VER NO: 028

SPS NO: SPS0755 a,c,e
! q-

} PROBLEM. i

!
'

ACTION TAKEN:
:

}

| REFERENCE:

5-10
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1

I
1

SOFTWARE

SUB-SYSTEM: ILC Automatic Tester Process VER NO: 029

SPS N0: SPS0755 a,c.e |
1

-

l
PROBLEM:

l

I!

ACTION TAKEN:

REFERENCE:
_

_

SOFTWARE !

SUB-SYSTEM: ILC Automatic Teste'. Process VER N0: 032

SPS N0: _SP50755 _ a,c.e i

PROBLEM:

ACTION TAKEN:

REFERENCE:
-

-

SOFTWARE

SUB-SYSTEM: IPC Automatic Tester Process VER N0: 034

SPS N0: SP50755 a,c e

PROBLEM:

ACTION TAKEN: |
REFERENCE:

_
.

O I

O
5-11
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i

9:
I SOFTWARE

I SUS-SYSTEM: IPC Automatic Tester Process VER NO: 031
.

a,c.e
| SPS N0: SPS0757 _

~ ~

PROBLEM:

ACTION TAKEN:

REFERENCE: _
-

,
|

SOFTWARE |
\

SUB-SYSTEM: ILC Automatic Tester VER NO: 024 i

SPS N0: SPS0922 a,c,e

PROBLE?i:

i
.,

ACTION TAKEN:

REFERENCE:
--

SOFTWARE

SUB-SYSTEM: ILC Automatic Tester VER N0: 027

SPS NO: SPSO932 a,c.e

PROBLEM:

ACTION TAXEN:

REFERENCE:
_ _

i

| SOFTWARE
'

SUB-SYSTEM: Control System Signal Selection VER N0: 005

SPS NO: SPS1122 a,c e

i PROBLEM:
1

I
'

|

- -

5-12 ;

i |
I |

-_-_ -_-_---. - --- ,--- ,._n.---w,....-n-r,_..-._,,,,,,__,,,,,_,n-,,,_,,,.-__n.-~ _,-.,_nn--w,



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

,

r

i

i

a,c.e

O
~

_.

ACTION TAKEN:'

,

l

REFERENCE:a

.

O
-'

-

:
! SOFTWARE

i SUB-SYSTEM: Control System Signal Selection VER N0: 006

.! SPS N0: _SPS1115 _ a,c e

PROBLEM:

!

i

4

:

ACTION T/ KEN:
.

!

| REFERENCE: _
|

:

SOFTWARE

SUB-SYSTEM: Control System Signal Selection VER NO: 010

t SPS NO: SPS1165 _ a,c.e
,

PROBLEM:
,

ACTION TAKEN:

! REFERENCE:
_

_

5.3 SYSTEM SUPPORT MODULES

The System Support Modules are used throughout the major sub-system

processes. In most instances, the pu. pose or description of each module
,

is in its title. Because there are numerous System Support Modules, not

all nodules will be described in this suinmary. The modules that have
been selected are the ones that perform in a functional manner. The

,

; selected modules are sumarized in Section 5.3.1. A complete listing of
all Sof tware ?erformance~ Specifications for the System Support Modules'

' is as follows:

.

5-13
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!

i

i

!
!

!

i
i

!
l SYSTEM SUPPORT MODULES
!

!

- a,c.e
_

1

:
1
1

1

| O
t

i

!

t
3

i
t

! O
t

;
,

O
!

J

O

O
i

,

j
.

.

,

O
4

5-14

; 4696A

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



s .,.x.. _ s - - - s -. -- __ ._ a..-_ - ..a _._ _ a

4

,

4

1

a,Cet
_

_

i

i

i

1

I
i

|

4

4

,

t
.
l
l
1

1
!

i
1

4

4
4

4

i
1

4

.

1 -

: _

1

e

i:

4
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8,C,e
,

-

|

.

O
;
:

O

O
,

e

i

I

o

|

O

O
.

*
no

O'
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,

'
t

; 1
'a,c.e

; _
|*

,

i

i

|

:
i

-

!

<

t

i

i

!

1
4,

I

i
,

|

:

!

i

I

i i

I |

;

i
-

4 .

1

:
a

l 5.3.1 SPS0001 - 0063 SUP9tARY DESCRIPTION
:

1

The following modules have been selected from the system support modulesi

;

to be discussed:
|):

i
i

1 5.3.1.1 SPS0023 - Process Raw Analog Input Data (PRWAID[
4

| A. ABSTRACT
i
:

' This procedure processes raw analog input-data.
:

i.

i

! 5-17
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4

i i

! l
: I
t 1

i i

$ |
1 l

1

3. SERVICES PE3f0RMED

_.a,c,e

i

e

_
_

:

5.3.1.2 SPS0025 - L 3adiac Controller Outout Configuration

Procedure (Leadlag)

A. ABSTRACT
,

This procedure computes the output of a leadlag controller or lag
controller.

;

3. SERVICES PERFORMED

-

- a,C,e

O
;

;

I

; O

,

1

- _,,
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,.

1

I

!

;

5 . 3.1. 3 ' SPS0026 - High Setpoint Comparators Output

|
Caluclation (COMPHI)

A. ABSTRACT

f This procedure determines the output of a comparator-like high setpoint

! for a given input, considering the deadband.
.

.

,
1

,

! B. SERVICES PERFORMED

.,a,c.e-

i

!
*

4

i

!

:
I

& 1

-- |O 5.3.1.4 SPS0030 - Two Out of Four Partial Trip /8ypass !
'

'
!

A. ABSTRACT

This procedure returns logical values of a-partial trip comand and an
alarm comand to the caller based on a 2 out of 4 vote of the four
parti .I trip and four bypass inputs.

_

SERVICES PERFORMED8. -;
_ a,c,e

!

.

!

: O

O4

5-19
'-

-

4696A' -|
i

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



_. . -_ _ __ _ _ _

_ a,c,e
_ O

_

_

5.3.1.5 SPS0032 - Ratelaa Controller Output Comcutation Procedure

(RAGELG)

A. ABSTRACT

This procedure computes the output of a ratelag controller
e

\; ,

_ a,c,e $}3. SERVICE 5 PERFORMED

|
_

i

ei
!

- _

5.3.2 ST50001 - 0063 SUMMARY DESCRIPTION

The following STS's correspond to the system support modules aoove.

5.3.2.1 ST50023

A. NAME

Test specification for " PROCESS RAW ANALOG INPUT DATA" (PRWAIJ)
;

|
i

l

l

O
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4696A

|
. . . - . - . - . . . . . - _ - . . . . - - . . - - . . - - - .. .. .--. - ,,.. ,,.. . --.- -.-...-.- _ - , -



-__ _ __ _.,___ _ _ ____.-______ ________ __ _ _ __ _ ___.._._.._.._ _ _ _ _ _ _ _. _ _ _ . .

l' .

!'
1 .t

'

t
.- ,

! B.- ABSTRACT |

~I

! This module calculates the integer representation of a raw analog

; input. This module also determines the hardware status -(Normal, I
a

!
i problem)' and- the sensor status'(Normal, overrange).

O :
>

j C. TEST ENVIRONMENT .

;

a,c.e ,

,
. ,

Oi
!

!

i
I

i
t
i

i
1

1
i
|

.

i

O'

i

|
.

!
!

!

}-

0t
4

\O
,
' - amm i

|

|

0
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. _ - _ __. _. . -. - . _ .

.

I

D. METHODOLOGY OF TEST INPUT GENERATION
_. a,c,e

__

O

O

I,

i

-

_

: E. REFERENCE:

|
;

Date and Revision .rvei of STS-

|

March 19,1979 Rev. 01

Date and Revision Level of SPS

|
Decemcer 15, 1978 Rev. 01

5.3.2.2 STS0025 O
| A. NAME

;

Test Specifications for Leadlag Controller Output Computation Procedure

LEADLG

B. AS$ TRACT

This module computes the output of a LEADLAG controller or LAG

controller
5-22
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1

|

I
,

C. TEST ENVIRONMENT |

-
a,C,e

1

|

4

s

l

!

| |

I
,

I

)

i

!
I

i

'

i
t

4

!

l

|

I

,

- -

D. METHODOLOGY OF TEST INPUT GENERATION

_ a,c e
-

4

5

I

I

|
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i

a,c,e
~

O
-

-

E. REFERENCE:

,

Gate and Revision Level of STS

March 19,1979 Rev. 01

Date and Revision Level of SPS

December 15, 1978, Rev. 01

5.3.2.3 ST50026

OA. NAME

,

Test Specifications for COMPHI - High Setpoint Comparator Module

B. ABSTRACT

This procedure determines the output of a comparator with high setpoint,

considering deadband.'

C. TEST ENVIRONMENT
'

a,c.e
_

_.

O
|
|

J
~

None
5-24
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1.

|

4

y.

3

8,C,8
__

O

O

O

- .

D. METHODOLOGY OF TEST INPUT GENERATION
_ a,c.e

_

O

,

,

1-

! O

O
_ _

4

0
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?

\ |

f
__ a,c,e

O!
.

O
i

|
_.

E. REFERENCES:

Date and Revision Level of STS

Marcn 12, 1979, Rev. 01

iDate and Revision Level of SPS i

March 10,1979, Rev. 01

5.3.2.4 ST50030

A. NAME

Test Specification for two out of four partial trip / bypass logic ;3Y2C>F4)

B. ABSTRACT

The procedure being tested returns logic values of a breaker trio com-

.
mand and an alarm command to the caller based on a 2 out of 4 vote of
the partial trip and bypass inputs. It accomplishes this by use of a

look-up table, and consequently, can be verified using BOOLEAN (logic)
i
! .

expressions.

O
,

5-26

i

4696A
i

t_.__.. - ._ _ . . - - , . _ _ _ . - - - , _ - _ - - _ _ _ . . _ _ _ _ - . . - _ - _ _ _ . . _ _ _ _ _ _ _ _ _ _ - _ _ - - _ _ _



. _- . ..a _ - - - - _ = . . . . - _ _ . _ _ . . ~. - - - - -- - . - --- - ., ---_.-. - -. - - --- - ~ .. .. .-. ~.~ - -

I

I

< .

|
'

l

lTEST ENVIRONMENT

G _C. ,

8,C,e |

!

r' i
i

! >

l !
, i
,

|

!
!

;

4

h I

)
'

4

I
1

e

i

4

)

!

|O
1

a

|
.

1
4

4

k

j
.,

i

i O
.

!

d
1
.

O

4

~
'

5-27

4696A

,,...__4 _ _ . . . , - - . . .- _ . _ ., ~ . ._._ _ _. . . . . . _ _ , . . _ _
_ _ . _ __ _ . _ _ _ _ _



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

,

D. METH000u0GY OF TEST GENERATION a,c.e
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E. REFERENCE

Date and Revision Level of T
:

j December 20, 1978 Rev. 01
'

i

)Date and Revision Level of SPS
i

December 15, 1978 Rev. 01

5.3.2.5 5T50032
i

A. NAME
i

|

Test specification for RATELAG controller output computation procedure

(RATELG)'

i
! 3. ABSTRACT
:
i

| This procedure computes tne outpJt of a RATELAG controller

O:
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E. REFERENCE

O4

Date and Revision Level of STS,
;

March 14,1979 Rev. 01

6Date and Revision Level of SPS,

December 15, 1978 Rev. 01

5.4 NUCLEAR INSTRUMENTATION (NIS) PARTIAL TRIPS PROCESS (NISTPL)

5.4.1 SPS0100 SUMMARY DESCRIPTION

A. ABSTRACT

Process Description - This process evaluates the nuclear int'crumenta-

tion subsystem partial trip outputs. It provides the pl'.nt signals

data and other intermediate calculated results to the comunications
bus shared memory for access by the automatic tester and the plant

computer.

Nuclear Instrumentation Subsystem Description - The primary function of
the nuclear instrumentation subsystem (NIS) is the protection of the
reactor core by monitoring of the neutron flux and generation of appro-
priate trips and alarms for various phases of reactor operating and
shutdown conditions. It also provides a secondary control function by
indicating reactor status during startup and power operation. The,

subsystem's logic is contained in the integrated protection cabinets.

The nuclear instrumentation subsystem monitors the reactor pcwer from

the source range through the intermediate range and power range up to
i200 percent of full power output. This is accomplished by means of
!

thermal neutron flux detectors located in instrument wells in the
primary shield adjacent _ to the reactor vessel. The system provides

,

indication, control, and alarm signals for reactor operation and,O protection, as follows: |
S-35
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}

Source Range

The four source range channels use proportional counters. Neutron

flux, as measured in the primary shield area, produces current pulses;

1 in the detectors. These pulses are apolied to solid-state preampli-
;

|
fiers and are then transmitted to solid state amplifiers and

| discriminators located in tne integrated protection cabinets. i

,

These channels provide source range flux level information, reactor |
'

trip protection, and alarm signals to tne reactor control and protec-
tion system. They are also used at shutdown to provide a reactor
containment alarm for any inadvertent increase in reactivity.

|

:ntermediate Range
!

I
Four intermediate range channels utilize four compensated ionization

chambers. Direct current from the ion chamber is transmitted to solid
! state logarithmic amplifiers in the integrated protection cabinets. O!
l These channels indicate the intermediate flux level and also providei
1

| high neutron flux slarm signals and trip signals. The channels also

f provide a permissive signal to allow manual initiation of a source
range level trip bypass (BLOCK), and removal of the nigh voltage from
the source range detectors when the flux level is in the intermediate

j

| range. The permissive signal automatically reactivates the source

| range channels on decreasing flux level.
s
!

Pcwer Range

I Four sets of power range measurements are provided, one for each

; protection channel set. Each utilizes four individual uncompensated

ionization chamber currents.

The high neutron flux rate reactor trips, included with the power rang

j protection system, provide core protection in the event of a dropped

| rod bank or in the event of a rod ejection.
.

5-36

!

4696A
,

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



,
M dw wm u-WN w Am gu Asmm - ph m.m. m-mu - - ' - - - -- - m ess e 4*m.mww awde . h m .me mew a-w--esm-a-*a A-a --i+-r

4,C,e
-

N

O

O

O

|
|

|

<

|
|

O |
1

-|

|

|
I')

! |
,

1

k
i
|
|

O'

|
i i

O |
;

,

M M

O !.1
' ' 5-37 !'

1
I

I4696A i
i
6

'

i
-+

-w-e, w ---.=--- - ---.-. ---- - _ .-
-

.



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

a,c.e
--

-

O
!

O)

J

.I
I

i

|

O

O'

O

1
-

.

!

|

1

l

5-38 |
1

4696A
l
1

|

. . . - _ __. . , _ _ _ _ _ _ . _ . _ . , , . . . _ _ _ _ _ _ _ _ , _ _ _ _ _ _ . _ , _ _ _ _ , _ _ _ _ _ _ . _ _ _ . , _ _ _ _ _ _ . _ , _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ._ _ _ _ , _ _ __



.--___,a..h___-_...aa,ma wa a. ae aea m,m___ _. _, ,aaaa, aa. . .,. ,,,,am__ u _,. __c_,. - _, - __._____- -

! a,C,e_

- c

i

!

|

t
:

I.

b

,

<

,

I!
I

i
i

I

4

!

]
1
i

.

!.
.

!
i
!

[

i

i

|
i

|

!
t
|

|

-

5-39<-

4696A

|
1
1

L.--..--....,, . . . . _ , . _ _ - - . - - - . . . . , . . , , - ~ . . . . . , _ _ . . , _ . _m.._.._ _ - - - ..._. . _ _ . - , - - - - . . . ----_!



_. _ . _ . . _ . . _ _ _ _ . - _ ..-,___ _ - - . _ _ . _ _ - . _ _ _

i

_ a,C,0

|

|
|

O'

O
.

|

1

|

,

i

_
-

C. NUCLEAR INSTRUMENTATION (NIS) PARTIAL TRIPS MODULES

a,c.e
-

O ||
.

9
- _

O
l 5-40
|

4696A

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



__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . . . _ . . . . _ . _ . _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _

,<

l
!
.

i
,1

a,c.e'

O 1
,

!.
'

. i
,

1. |
,

.

|
_

_

5.4.2 STS0100 SUMMARY DESCRIPTION

A. NAME

Test Specification for NIS Partial Trips Process - NISTP;. |

B. ABSTRACT
;
'

1

! This process evaluates the nuclear instrumentation partial trips
outputs by monitoring neutron flux level from source range through
intermediate range and power range up to 200 percent of full output ;

|
,

power. It also provides indication, control, and slann signals to thei

Conr1unications Bus Shared Memory for use by the Automatic Tester and ;

the P1 ant Computer.
j
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I C. TEST ENVIRONMENT
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E. REFERENCE

Date and Revision level of STS

March 6,1979 Rev. 01

Date and Revision Level of SPS,

January 9,1979 Rev. 01

5.5 DEPARTURE FROM NUCL EATE BOI'.ING (DNB) AND KILOWATT PER.

FOOT (KW/FT) PARTI AL TRIPS PROCESS (DNBRKW)

5.5.1 SPS0200 SUMMARY DESCRIPTION

A. ABSTRACT

This subsystem calculates the DN3R and KW/FT partial trips. It also

provides calculated information, passed-on information and status infor-
mation to the communications bus.

B. SERVICES PERFORMED
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5.5.2 ST50200 SUMMARY DESCRIPT10f4

4

A. NAME

Test Specifications for DNBR KW/FT Partial Trips Process (Dt4KWFT)

8. ABSTRACT

This process consists of nineteen calls to external procedures. Six of

j the calls are performed during restart time, and the remaining thirteen

! calls comprise the executior. loop.

!

!
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5.6 ENGINEERED SAFETY FEATURES (ESF) PARTIAL TRIPS j
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: 5.6.1 SPS-0300 SUMMARY DESCRIPTION

i
4

!0
! 5-55
|

4696A

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



A. ABSTRACT

The ESF process monitors the plant signals and provides initiation of
protective functions upon approach to abnormal plant conditions in a
nuclear power plant. The plant signals represent measured temperature,
pressure, fluid flow, fluid level in tanks or vessels, or pipes asso-
ciated with primary and secondary plant and related systems.

This process calls on several external procedures which are developed to
specifically monitor and generate the status of the above plant signals.

The calculated ESF partial trip status data is provided to the ESF logic
computer of the Integrated Logic System via data link. This process

provides the plant signals data and other intermediate calculated
results to the communications ous shared memory for access by the
automatic tester and the plant computer.

B. SERVICES PERFORMED
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: 5.6.2 STS0300 SIM1ARY DESCRIPTIud
!

A. NAME
I

I

; Test Specification for 'ESF' Engineered Safety Features Process.
: :

8. ABSTRACT i
|

1

1

The ESF Processor is part of the IPS. It monitors and processes primary
,

plant data (e.g. temperature, pressure, flow, level, etc.), and trans-
,

mits partial trip and bypass signals to the integrated logic cabinet!

l based on these and other plant signals.
|

| C. TEST ENVIRONMENT .
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l 1. Overall Environment r
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5.7 TRIP LOGIC COMPUTER, GLOBAL TRIP AND TRIP ENABLE PROCESS

5.7.1 SPSO400-0402 SUMMARY DESCRIPTION

A. ABSTRACT

The main function of the trip logic module subsystem is to operate the
pair of reactor trip breakers associated with the channel set in which it
resides. The logic used to trip the breakers is two out of four partial
trips with bypass. In nrder to do this, it receives partial trip requests

from the protection modules in this and (via data links) the other three
channel sets. It also receives manual bypass requests from switches and

automatic bypass requests from the automatic testing subsystem, from this

and the other three channel sets. It is also responsible for transmitting

partial trip and bypass information, via data links, to the trip logic
computers in the other three channel sets. In addition to these tripping

functions, it performs in-line self testing, and provides status, error
and trip sequence information to the communications bus processor for
transmission to the automatic tester and the plant computer.

B. SERVICES PERFORMEC

1. Trip logic computer .
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O
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| Truth table of the trip enable function
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Trip. sequence information consists of three first out trip indica-|

tors which are reset and recalculated when the logic initiates a
trip of the channel set's trip breakers. Breaker trip first out

indicates whether the trip was initiated by the partial trip logic,

! the global trip logic, multiple global byp?ss, or ot'rer (manual trip
or malfunction). Partial trip first out indicates which of the trip '

logic units was first to become tripped. Global trip first out
indicates which of the partial trip fanctions was first to activate
the global trip.

; O
TRIP LOGIC COMPUTER MODULES ,,c,,
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5.7.2 ST50401-402 SUMMARY DESCRIPTION

A. NAME

Trip Logic Computer Process

B. ABSTRACT

The trip-logic computer is composed of two main processes, the Global

Trip process and the Trip Enable Process represented by ST50401 and

STS0402 respectively. The following pages will outline both processes.

5.7.2.1 STS0401 DESCRIPTION SUMMARY
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A. NAME

Global Trip Process (GTPROC)'

i

4 B. ABSTRACT

This subsyste'n calculates the global trip and operates the global tripJ

relay. It calculates the partial multiple bypass trip alarm. It moni-
tors tne bypass status, the tripping status and the f ailure status ofO the trip logic hardware, the data links, and the trip enable processor.
It determines trip sequence first-out information. It provides status
and trip sequence information, via the comunications bus shared memory,
to the automatic tester and to the plant computer. It provides status

information, via data links, to the trip logic computers in the other
three channel sets. It provides trip logic status as a digital output
to the engineered safety features and nuclear instrumentaticn
subsystems.

C. TEST ENVIRONMENTj

1. Overall Environment
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i D. METHODOLOGY 0F TEST INPUT GENERATION
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5.7.2.2 STS 0402 Description Summary

A. NAME

Test Specification for the " Trip Enable Processor" (TRIPENA).

B. ABSTRACT

The process, TRIPENA, calculates the partial enables and outputs them to

the trip logic hardware, It also passes them to the global trip pro-
cessor via shared memory and then to the cocinunications bus for use by
the plant computer and automatic tester. It calculates the multiple<

bypass trip enable based on information from the data links and from the
global trip processor. This is output to the multiple bypass trip
enable relay and, via shared memory, to the global trip processor. It

outputs from the serial port a test character which is used by the

global trip processor to monitor the continuity of the breaker trip
circuits. It performs error checking on the data link messages from the
other three channel sets and does in-line testing of the trip enable
processor, error information is passed through the trip enable / global

j trip shared memory.

C. TEST ENVIRONMENT
|

1. Overall Environment a,c,e
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2. Other modules that must be present
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D. METHODOLOGY OF TEST INPUT GENERATION

.

1. Type of Input Expected
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2. Type of Test Input
a,c.e_
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5.8 DATA LINK CONTROLLER PROCESS

5.8.1 SPS0500 SUMMARY DESCRIPTION
i

A. ABSTRACT

Tnis subsystem is for tne communication of data over an asynchronous,
simplex, medium speed data link. This subsystem also provides for

f buffer management in a snared memory environment.
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-5.8.2 STS0500' SUMMARY DESCRIPTION

O A. - NAME

Test'Specif' tion -for QMD Subsystem - QMOMN :

3. - ABS' RACT .T

Tnis subsystem is for the communication of data over an asyncnronous,

' simplex, medium speed data link. This syosystem also provides for Duf-
fer management in a shared memory environment.

C. TEST ENVIRONMENT
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5.9 INTEGRATED PROTECTION CABINET COMMUNICATIONS BUS CONTROLLER

PROCESS (CBCIPC)

5.9.1 -SPS0600 SUMMARY DESCRIPTION

A. ABSTRACT,

;

This subsystem moves data among snared mem1 ries. The snareo memories

{ are with both function microprocessors ano ata link controllers.

B. . SERVICES PERFORMED
i . a,C,0-
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C. INTEGRATED LOGIC AND PROTECTION CABINET COMMUNICATIONS BUS CONTROLLERr
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d 5.9.2 ST50600 SUMMARY DESCRIPTION f

: !.

,

A. NAME

!
Integrated Protection.Caoinet Communications Bus Controller (IPCCBC) |

4

3 i

4 I
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. _. _

B. ABSTRACT

O.
This process performs its function by calling sucordinate external pro-
cedures. The function of the communication ous controller is to move

This data can 'e moved directly fromdata among the snared memories. o

the shared memory of one functional microprocessor to the shared memory
of another, as is the case in the data moved to the Automatic Tester or

it can;be data moved tc the shared memory of a data link controller as
for PAMS, tne Signal Selector and the Plant Computer. In addition to
the general function of moving data among shared memories, tne IPC
communications bus controller processes analog inputs for the signal
selector device and reports status information of the nuclear analog
channels. Tnis information is. retrieved from analog and digital input
cards cn the U108.

The Automatic Tester can direct the CBCIPC to send a test message

instead of the IPC message whenever it outputs to the Plant Computer.
Then for a specified number of times each message sent to the plant
computer will be the same message from the tester. At restart all
snared memories are cleared (set to zero).

C. TEST ENVIRONMENT

1. Overall Environment

_ a,c.e
_

-

_.

2. Other Modules That Must Be Present
_ a,c.e

_

-
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; 3. Input Data
_ a,c.e.-
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4.. Output Data __ a,c.e
|

.

,

_
-

D. METHODOLOGY OF TESl INPUT GENERATION

i

1. Type of Input Expected _ a,c.e
__

l

1

_
-

2. Type of Test Input . a,c.e
_

_

3. Reasoning Benind Choice __ a,c.e
-

,

,
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! -April 6, 1979, Rev. 01
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i,

. Date and Revision Level of SPS,
!

I March 1, 1979, Rev. 01

5.10 INTEGRATED PROTECTION CABINET AUTOMATIC TESTER PROCESS

.

5.10.1 SPS700 SUMMARY DESCRIPTION
1

; A. ABSTRACT

l
4

j The purpose of the IPC Automatic Tester is to perform an automatic,
i periodic test on that portion of the protection system cont.ained within

the Integrated Protection Cabinet. Sinulated input signals are injected
,

j into the protection modules and the functions of tne various IPC sub-
| systems are tested to verify that the reactor trip request and ESF
4

actuation requests are generated correctly. Operator interface is
,g through tester control panels in the results center and tne IPC, tnrougn

| plant computer print-outs, and, optionally, through a local keyDoard/
! printer device connected to the tester processor. The structure of the ;

tester process includes a real-time synchronization routine, routines to,

handle data transfer between the tester and several data link proces-
sors, a routine to handle results data transfer, ano test sequencing

j routines. The test sequencing routines control the execution sequence
i of all the individual test routines. Test feedDack from the IPC modules
1

; is primarily via communications Dus shared memory. Test results are
i 1

| reported primarily througn the communications bus shared memory, thence,

| ultimately, to the plant comp 0ter.

i

B. SERVICES PERFORMED4

l f) 1. Introduction - Integrated Protection Cabinet Functions
v a,c,e

_ _

'

-
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3... Operator Control of the Automatic Test
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4 Automatic Tester Subsystem Architecture j
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TABLE 10 MAJOR TEST SEQUENCES O
,,

, -. 8.C,e

1 -

l

2 -

3 -

O
4 -

5 -

6 -

7 -

8 -

9 -

_ W

|

O
|

|

9

5-162
4706A

__ _ _ _ _ _ _ _ _ - . . . - - - _ .-., ..-- -.__ _. ..- _ . . _ . . . , , - . - . . - . .



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

s

!

| C. INTEGRATED PROTECTION CABINET AUTOMATIC TESTER M00VLES
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5.10.2 ST50700 SUMMARY DESCRIPTION
:

A. NAME

| Test specification for Integrated Protection Cabinet (IPC) Automatic
Tester PTPROC.

B. ABSTRACTj

:

! The purpose of the IPC Automatic Tester is to perform an automatic,
periodic test on that portion of the protection system contained within

: the Integrated Protection Cabinet. Sinulated input signals are injected
into the protection modules cid the functions of the various IPC suo-

{ systems are tested to verify tnat the reactor trip request and ESF
actuation requests are generated correctly. Operator interface is

| througn tester control panels in the results center and the IPC, througn
1

plant computer print-outs, and, optionally, through a local keyooard/J

j printer device connected to the tester processor. The structure of tne
tester process includes a real-time synchronization routine, routines to1

nandle data transfer between the tester and several data link proces-

] sors, a routine to handle results data transfer, and test sequencing
l routines. The test sequencing routines control the execution sequence
i of all the individual test routines. Test feedoack from :.ne IPC modules

is primarily via communications bus snaped memory. Test results are
reported primarily through the consnunications Dus snared memory.

4

i

1 C. TEST ENVIRONMENT

i 1. Overall Environment
{ _ a,c,e.- ,

!
!
|

_ _
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_ a,c.e
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! ;4. Output Data
.; a,c.e
i

-
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-

,

I

! D. METHODOLOGY OF TEST INPUT GENERATION
I
! 1. Type of Input Expected a,c.e
1

! e-

I -

| 2. Type of Test Input _. a,c.e
i
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'3. Reasoning Behind Choice a,c.e
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5.11 INTEGRATED LOGIC CABINET 2/4 BYPASS V0 TING PROCESS (VP20F4)

-

'

i

j 5.11.1 SPS0800 SUMMARY DESCRIPTION
:

i

| A. ABSTRACT
4

h

|
This process receives pertial trip and bypass status information

j from the four integrated protection caoinets over four optical data

f
links.. It combines the status information in a 2/4 bypass calcula- ;

tion and outputs tne results to the interposing logic of tne inte-
grated logic caninet. In addition the process will output directly-

some unvoted trips that are associated with its own cnannel set and
some logic resets and arms to reset interposing logic latches at the

,

end of an automatic test and arm interposing logic during the
4

| automatic test.
;

!
'
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5.12 INTEGRATED LOGIC CABINET AUTOMATIC TESTER PROCESSg
b

5.12.1 SPSO900 SUMMARY DESCRIPTION

A. ABSTRACT

This process performs in-line tests, initialization of QMD's ano QAC's,
an Al/A2 comparison, and a eneck of the panel for test initiation. If a

test is requested, tne process proceeds to test a specified cabinet nalf
I or both cabinet halves in sequence. To test tne interposing logic,

selected datalink signals are injected ano tne resulting interposing
logic output signal is compared to internally stored signals. To test
the two-out-of-four voter logic all permutations of the trip ana bypass
status information for all selected bits are injected and tne resulting
interposing logic testpoint value is compared to an internally calcu-,

lated value. All test results are reported to the communications ous
snared memory after each individual test. After the completion of all
interposing logic tests and all 2/4 tests, the interposing logic latches

[] are reset and the test results are reported to tne panel. If the panel

reset actuation is detected during the automatic test, the signal injec-
tion / result comparison logic is bypassed, tne interposing logic latches
are reset, and the test is terminated.

,

B. SERVICES PERFORMED

J

1. Introduction - Integrated Logic Cabinet
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i 5.12.2 ST50900 SUMPARY DESCRIPTION

1
1

A. NAME

,

| Test Specificaticn for " Integrated Logic Cabinet Automatic Tester" Pro-

cess (LTPRCS).
4

4

B. ABSTRACT

This process performs 1) tne standard in-line confidence tests, 2) com-
,

i
' parisons of the outputs of the redundant ILC nalves (called the Al/A2

comparison) and, upon initiation by the operator via the integrated
logic test panel, 3) automatic tests of the integrated logic and the
two-out-of-four voter logic (2/4).

O
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D. METHODOLOGY OF TEST INPUT GENERATION
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5.13 MAIN CONTROL BCNID/ INTEGRATED LOGIC CABINET MULTIPLEXING j
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5.13.1 SPS1000-1004 SUMMARY DESCRIPTION |
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t The primary function of this subsystem is to carry information from (to)i
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i 5.13.2 STS1001 THRU 1004 SUMMARY DESCRIPTION
l-

i
*

A. NAME

!

Main Control Board / Integrated Logic Cabinet Multiplexing.;

1
I

'
E. ABSTRACT

O:
The multiplexing process is composed of four sub-processes; Main Control
Boird Multiplexing Process (MCBTWO); Main Control Board Multiplexing

Process (MCBONE), Integrated Logic Cabinet Processor Master Process

(ILCMTR) and Integrated Logic Caoinet Processor Auxiliary Processes !

| (ILAUX1,ILAUX2). Tnese are represented in STS 1001 tnru 1004 respec-
' tively and is outlined in the following pages.

! O
:
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5.13.2.1 STS1001 SUMMARY DESCRIPTION

j A. NAME
|

i

Test Specification for " Main Control Board Processor Two"'

i B. ABSTRACT

! This subsystem inputs an image of tne command status, outputs an image
'

of the response status, transmits tne input iraage to integrated logic'

i

| cabinet master processor, ILC(M) and receives tne response status from

j ILC(M).
i

1

: C. TEST ENVIRONMENT
,

;

1. Overall Environment
,

- a ,c.e
; -

-
-

.

2. Other Modules that must be present.

i
~

a,C ,e~

1

$

;

.

O

O
-

-

O
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<

'
,

!

3. Input Data
-' a,c.e-

'
,
t

|' F

! i

|
!

O |
'

:

|
,

t
.

1 >
'

9 !
1

1

,

,

t

.

I

i

O
-

,

k

i

1
4

1 $

a ;

i '

4

4

4

3

:
1

i i

j
'

< -L

!- 4. . Output Data
a , c e -- [

-
-

L e ;

.
.

b

c

9

-,d

_.
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; - -' a,c.e<

i !
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'
e

i

)

! e:
i
>

|

: 1

1,
1

'

!

! e:
i

,

! l

i

|
--

I 0. METHODOLOGY OF TEST

J

j

! 1. Type of Input Expected |
' 1

a,c.e l
-

1 -

4 i

| |
1 i

l

e!i
t

!

i
4

-; -

I
'

2. Type of Test Input 4

-
- a,c.e

!

I

i.

--

i 3. Reasoning Behind Choice
:

8,C,eI
-

""

i

! O
4

{
,

d

,

manM

1
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d
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f E. REFERENCES:

i
Data and Revision Level

,

15 Maren 1979, Rev.'01 ,

Date and Revision Level of SPS >
1;
'

-4 January 1979, Rev. 01

i '

5.13.2.2 STS1002 SUMMARY OESCRIPTION

A. NAME
4

,

| Test Specification for " Main Control Board processor One"
i

i

B. ABSTRACT
,

!

|
| This subsystem inputs an image of the consnand status, and transmits the

input image to the integrated logic cabinet master processor, ILC(M).4

C. TEST ENVIRONMENT
,

1. Overall Environment

_ - a,c.e
' ~ ,

;

2. Other Modules That Must Be Present
~" 'a,c.e-

O

1 .

!O |
|

|-

O
5-203

c7cna

. _ . . _ _ _ _ _ . _ . _ . _ _ _ . . _ . _ . . _ _ . . _ . , _ _ _ . . _ _ . . _ _ _ _ . _ _ _ . _ . _ _ . . _ _ _ .



.

-

3. Input Data

~

a,c,*~

O
.

O

_.-

4. Output Data
_.a,c.e-

1

I

i
i

O|
!

l
i

! D. METHODOLOGY OF TEST

1. Type of Input Expected
- - a,c.e

O
~

aus"

5-204
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1
i

! a,c.e
i

i O -
-

:
;2. Type of Test Inputj - a,c.e t)

-.

!O~ .

'

i

! 3. Reasoning Behind Cnoice

- __.

- a ,c.e

]

L -
,_

i

i E. REFERENCES:

2

Date and Revision Level of STS,'

| 7 March 1979, Rev. 01

'a

f
Date and Revision Level of SPS,

'

{ 8 January 1979, Rev. 01

|
I 5.13.2.3 STS1003 DESCRIPTION SUMMARY
i

i

! A. NAME

!

! Test Specification for " Integrated Logic Cabinet Connand Processor
;

Master".i

i

B. ABSTRACT-

This subsystem inputs command information from the data link processor,
and outputs it to the auxiliary processors and to the field. This suo-
system also inputs response information from the field and the auxiliary ,

processors, and outputs this information to the communication processor i

,

and the data link processor.
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C. TEST ENVIRONMENT
4

J

1. Overall Environment a,c,e-

d

,
--

4

i

-

I

: 2. Other Modules That Must Be Present
-'

]
a,c.e

i e~

,
-

M

f 3. Input Data
~

|
a,C,e'~

i

I.

! O
I

i

f

i

:

1

1 ,

i <

i

O'

O

l

_-
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1

I

Ii

'

1

|

4. Output Data |' -. a,c.e'

i

'
-

|

I

1

@ |
|
|

|

|

|

D |
|

|

|

|

|

|

|

,

.

W

l

t

I
l

L

|
'

! ,

l
'

i

<

|

4

'
I

i
<

q

!, G '

1
f
1

|
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1
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!
i

j

i

I ' a,c.e
,

1

i
i
'
a
i
i

! O
]
i

1
1

1

{ 0. METHODOLOGY OF TEST

i
1

1. Type of Input Expected
- ~ a,c.e

j

,1
-

j

| 2. Type of Test Input
~

; a,c.e-
,

i
:

-

3. Reasoning Behind Choice
1

~~ a,c.e

J

!
j

!
! E. REFERENCES:
i
!

| Date and Revision Level

j 8 March 79, Rev. 01
.

I
| Date and Revision Level of SPS
4

| 6 January 79, Rev. 01

.|

4
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5.13.2.4 STS1004 SUMMARY DESCRIPTION |

| A. NAME

,

Test Specification for " Integrated Logic Cabinet Processor Auxiliary".

'

.

| B. ABSTRACT

This subsystem inputs command information from tne ILC (M) Processor and
outputs it to the field. This subsystem also inputs response informa-
tion from the field and outputs this information to the ILC (d)
Proce'ssor.

C. TEST ENVIRONMENT
I
1

|

|
1. Overall Environment

' - a,c.e-

|
-w

; 2. Other Modules That Must Be Present
;

) '-
- a,c.e

1

|

I
*

i -

_
|

3. Input Data |

~'

; a,c.e-

)
,

.

|0 -
-

-4. .0utput Data-

i

~
- - ---- ~~ - ._ _ _ . _. . __ _ _ _ _ _ .,__. _ . ... __ __ 8,C,e

O
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D. METHODOLOGY OF TEST

1. Type of Input Expected
- a,c.e-

O
!

-
--

i 2. Type of Test Input

- -

a,c.e

|
-

-

3. Reasoning Behind Choice

- a,c.e

j _ _ .
-

_ . . .
_ _

i

E. REFERENCES:

Date and Revision Level of STS
12 March 79, Rev. 01

Date and Revision Level of SPS,

9 January 79, Rev. 01

5.14 CONTROL SYSTEM SIGNAL SELECTION DEVICE

5.14.1 SPS1100 thru 1102 SUMMARY DESCRIPTION
_

a,c,e

l

O|
|

|A. ABSTRACT
i

This subsystem initializes and starts the signal selector process. It

receives control signals from all four Integrated Protection Caoinets.

5-210
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t

I. ii
,

i
: ,

i
j It tnen calls the proper subordinate selecting procedure, depending on

| the number and type of input control signals from the protection cabi- ;

| nets. The subordinate selecting procedures compare eacn group of redun-

f dant signals and screen out those which are determined to be unaccept-

| able in comparison to the other signals. The numoer of valid signals, I

f their values, and their average are passed on to the control channel.
'

Alarm BITS are set for single and multiple signal invalidation. The
next cycle of control signals is received, and tne comparison and vali-

' dation sequence is repeated.

B. SERVICES PERFORMED

\ -
g a,c,e-

',

i

i
.

I
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!O
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4
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;
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i
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; 5.14.2 STS1100 thru 1102 SUMMARY DESCRIPTION
i

.! A. NAME:

i

f
Control System Signal Selection Device

i
! B. ABSTRACT:
;

l
j The Control System Signal Selection process is composed of two subpro-

cesses; Control Signal Selector process and Control Signal Selector
j
2

Tester Process. These two subprocesses are represented by STS1101 and

STS1102, respectively and will be outlined in the following pages.

j j

! 5.14.2.1 STS 1101 Summary Description
:

!

A. NAME:
*

'
,

i Test Specification for the Control Signal Selector Precess (SIGSEL).
I

!O
B. ABSTRACT:

!
i

l This subsystem initializes and starts the signal selector process. It
:
;

receives co.ntrol signals from all four Integrated Protection Cabinets.

]| It then calls the proper subordinate selecting procedure, depending on
1 the number and type of input control signals from the protection caDi-:

- nets- The subordinate selecting procedures compare each group of redun-
.

:| dant signals and screen out those wnich are determined to be unaccept-'

f
able in comparison to the other signals. The number of valid signals,

|
their values, and their average are passed on to the control cnannel.
Alarm bits are set for single and multiple signal invalidation. The
next cycle of control signals is received, and the comparison and vali-*

dation sequence is repeated.

.

1

! O
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C. TEST ENVIRONMENT

1. Overall Environment
-

a,c.e

O
-

_

2. Other Modules that must be Present,

- a,c.e-

,

i

!
4

~

i

j 3. Input Data (General)
i

~
j a,c.e-

:
4

i

}

! O
:
4

i
i

i

I
i

4

$

!
!

! O
4
i
f

|
l
i

,

*

!

t
! - -

( O
5-216

5758A

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



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

_

)
,

!
,

t
i
r
,

- a,c.e-

:

9 :
i

i

O
,

|

f

O |
|- .

4. Output Data (General)
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i D. Methodology of Test Input Generation
1
i
s

i 1. Type of Input Expected
a,c.e |j -

| |

i l
i
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i 2. Type of Test Input
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3. Reasoning Behind Choice
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! E. REFERENCES '

: ,
,

Date and Revision Level of STS
t

l'
j February 25, 1979, Rev. 01
,

! i
1 ;

i Date and Revision Level of SPS
!
'

4

j J suary 5, 1979, Rev. 01

4 5.14.2.2 STS1102 SUMMARY DESCRIPTION

i O
'

j A. NAME:

k

|
Test Specification for Control Signal Selectro Tester Process (SELTST)4

,
. ,

i i
1

,

i B. ABSTRACT: i
; ?

i

The process, SELTST, initializes and starts the Signal Selector Tester j
4

process. The execJtion loop of this process has two primary test 'unc- ||
:

1

f
tions. The first function is the in-line, or passive, test. This test
is based on the fdct that the signal selector ~ device is actually two'

,

redundant devices, each of which is ~ performing all of the signal selec-
1

i
tions. Since each of these devices is receiving tne same inputs and
operating on them with the same algorithm, they will achieve the same

j- result.. The in-line test will continuously compare the outputs of the
.

,

J
~

If. a' discrepancy is found in tne outputs, then an
|-

'two signal selectors.
alarm is actuated to notify the operator of a signal selector malfunc-

:

tion. A light on tne automatic test panel is also activated.

:
.
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i

The second test function is the automatic, or operator initiated, test.
Upon initiation by tne operatur, via tne automatic test par el, tnis test
will inject simulated process signals by replacing the data links coming
from the integrated protection cabinets. The automatic test will demon-
strate that single signals can be rejected and revalidated and tnat pair
of signals can be rejected and locked-out from revalidation per tne
signal selector design basis. Each redundant selector may be tested
separately while the other provides data to the plant control system.
The test results function also initiates a sof tware reset of both signal
selector processes.

C. TEST ENVIRONMENT

1. Overall Environment
- a,c.e-

'"

8 S.

a,c.e

-

-

3. Input Data
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D. METHODOLOGY OF TEST INPUT GENERATION
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LE 5.1

TABLE OF MAJOR SUB-SYSTEM SOFTWARE VERIFIED

Process Name SPS Number STS Number Verification Status
_ a,c.e

i MNEMONIC System Support Modules SP50001 - STS0001 -
SPS0063 - ST50063 ,

.

NISTPL Nuclear Instr. Partial SPS0100 - STS0100 -*

| Trips Process SPS0125 STS0125
.

DNBRKW Departure Nucleate Boiling SPS0200 - STS0200 -'

kilowatt /ft Partial Trips SP50232 STS0232
,

i ESFPTP Eng. Safety Features SPS0300 - STS0300 -

t Partial Trips Process SPS0336 STS0336 ,

L
'

GLOTRIP Trip Logic' Computer SP50400 - STS0400 -

L TRIPENA Process ' SPSO454 ST50454m
'

| QMDMN Data Link Controller SPS0500 - STS0500 -
Process SPS0551 STS0551

|

CPCIPC IPC a ILC Connunications SPS0600 STS0600 - i

i, CBCIPC Bus Control Process SPS0650 STS0650

IPCSTP IPC Automatic Tester SPS0700 - STS0700 -
Process SPS0758 STS0758

VP20F4 ILC 2/4 Bypass Voting SPS0800 - STS0800 -
Process SPS0824 STS0824

,
'

]
ILCATP ILC Automatic Tester SPS0900 - STS0900 -

SPS0944 STS0044

! MCBILCM MCB/ILC Multiplexing SPS1000 - STS1000 -
SPS1036 STS1036

{
i SIGSEL Control System SPS1100 - STS1100 -

! SSTEST Signal Selection SPS1166 STS1166
_ _

|

|
,

.. - - _ _ _ . -
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6.0 APPENDIX '
.
(

6.1 NRC/0RNL Technical Audit Reports

i
4

j' N0TE: - Portions of the information and figures originally supplied !
! by Westinghouse NTD appears as attachments to .the following |

|

: NRC/0RNL reports. Some of this material has been retyped
4 for purposes of clarity and replaces the originals. Other
!

- than retyping handwritten or poorly copied material, no
other alterations to these reports were made. ;
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Leo Beltracchi
Instrumentation 5 Controls Systcas 3 ranch

h. Division of Systcas Safety -
%/ Office of 'ucicar Reactor Regulation

U. S. Suc1 car F.c;ulatory Consission- .

Washin;; ton DC 20555y

Dear Leo: . .

.

. Audit of Westinghouse Verification and Validation Activities for RSS.AR-414_

On January 23-25, 1979, I participated in the audit visit to the Westinghcuse
~ISD Division in Pittsburgh, Fennsylvania. This letter is to serve as a for-al
coccunication of cy verbal ' sue ary presented to you during our v.ceting of
January 24 My major points are surcarited as fo11cus: ,

1. The Westinghouse personnel were very ecoperative in providing information"
,

in a highly organited und efficient canner. In addition to making the

job casier, this cooperation, I feel, provides for a more accur' ate
;

; assessment of the VGV activities on .this prsject.

2. The cost striking deficiency in the V5V activity was the lack of
. formality in the independent verification of the software perfornance

" specifications. Tnis lack of for=ality, in particular, resulted in-

nonstandard procedures by vari ~ous specification reviewers. In cddition,
.

the notations and terminology for depicting inconsistencies or errors
was the choice of the individual raviewer and therefore difficult to
follow. The lack of documentation was evidenced *sy the difficulty
e:chibited by ene reviewer in atte=pting to recenst uct the review
process which had been conducted' only four or five conths ago.

:
3. The above discrepancies sad. deficiencies appear to have been reco.;nited

.
~

~

in part by _later preposed revisions to the procedures and the formality
of the content of the software specification decu=ents. Tnis recains

;
- .to be reviewed at a future date. Mcwever, the draft docu=ents that ,

' have been informally submitted indicate that the majority of these !

probic=s will be handled in future revisions to the procedure.'

* 1
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j The above represent :ny sura:ary observations. In the event more
'

j particular details are required to substantiate these assertions,
I would be able to provide these on request.|

-

Si|1cerely,

7,bfg):
3

f .| .
-

| J. 8' Sullock
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rm MEMORA;10UM FOR: R. M. Satterfield, Chief, Instrumentation and Control.

i ) Systems Sranch, DSS
.,,

FROM: L. Beltracchi, Instrumentation and Control Systems
Branch, DSS.

M. SrinNasan, Sectica Leader, Instrumentation and'

THRU:n -

Control Systcms Scanch, DSS -

I *

-
v

SUBJECT: AUDIT OF RESAR-414 I:lTEGRATED PROTECTIO:1 SYSTEM
DEVELOP::ENT JA::UARY 23-25, 1979

'Surrmar'y
. .

.

The objective of the audit was to complete cur evaluation of ;iCAP 9153'

/Ref. 2/ and to evaluate varification activities associated with the
specifications of the design. The audit p12n, agenda, and the review

The overviewguidelines are presented as ' enclosures to this report.
' material presented by '.-|estinghouse in sport of the audit is contained
in enclosure d.r j

s

Our evaluation concluded that NCAP 9153 /Ref. 2/ does not adequately
'lestinghcuse stated thatrepresent the verification activities audited. .-

the report would be revised to reflect the verification activities.
Should the revised WCAP 9153 properly reflect these verification activities,
we anticipate that we would approve the report.

~ Our evaluation of the verification of the Freliminary Software Specifi-
-

cations to the System Design Specifications concluded that a verifica-

|
tion was conducted. Our concerns were that informal procedures for
the identification of discrepancies could be ais-interpreted and thus;

!
result in the introduction of errors in the design. However, as stated

in our consultants report prcscntsd in enciesure 5, we noted that this
, [s] discrepancy has been recognized in part by proposed revisicns to the
| procedures to document the final softuare specificaticns. '|e will.

U
evaluate the adequacy of the corrective actions in a future audit of
the Final Software ?erfor.c.ance Specifications.

,,

'

( ') . Contact:
,

(- L. Beltracchi '

X27233 ,

.

-
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Our audit also evaluated the independence of the verification personnel !

with respect to the design personnel. 'cle concluded that an adequate
,

degree of independence existed as the specifications were <j2r. crated by
i

the '!estinghouse Industry Systa.m Division and ;2rc verified by parsonnel
.

~

frora 'Jestinghouse's !!uclear Division.

Additional audits will be requit ad to cor.plete the staff's avaluation of-

the verification and validstion activities for the RES.U-414 :nte;ratad
' Protection System. Details of the current audit are presented in
enclosure 1. A list of audit attandees is presentad as enc!csure 6. ;

1,

-
.

.j. . . .

. .
. . . 1.-

-
-- 1.. Beltracchi !

.

.

Enclosures:
. . , - - s. ..

. ::.

As stated
, _

.
_

'

cc: S. Hanauer . ,
.

R. Satterfield -

M. Srinivasan
<

P. O'Rielly 1=

J. Jcyce ~

. . J. B. Bullock M) .

: *..
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ENCLOSURE 1 i .

) W
v

Audit Details

The staff, assisted by a consultant,1 conducted an audit of the
/

(V development activities of the RESAR-414 Integrated Protection System) .
'

..

The audit was conducted at the Westinghouse Industry System(IPS).

Division, located in O'Hara Township, the State of Pennsyvania.
p
(.) The audit was started on the morning of January 23, 1979 and was cerpleted

'

on the morning of January 25, 1979. Our consultants evaluation of the

audit is presented as enclosure 5.0.
m

.

.
'

._The RESAR-414 IPS is a safety system whose design is based on ,aicro-
' ~

processors and digital components. The staff's prelimir.ary evaluation~

"of this design is presented in our Safety Evaluation' Report /Ref.1/.

A description of Westinghouse's program for functional verification

of the RESAR-414 IPS is presented in WCAP 9153 /Ref. 2/.
.

The purpose of the audit was to cceplete the staf f's evaluation of
.

~ WCAP 9153 and to conduct an evaluation of specification verification
_

activities. A plan and agenda for the audit were prepared by the staff

(Enclosure 2) and were forwarded to Westinghouse on January 17, 1979.

The purpose of forwarding the plan and agenda was to allcw Westinghouse
(5f

)
time to prepare and assemble the specific information and personnel'#

required for the audit. The guidelines that the staff used to audit the ,

p .

,,/

1The consultant was Mr. J. 8. Bullock, Oak Ridge National Laboratory

.

*

.
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verification activities are contained in Enclosure 3. These guidelines

related to the design, construction, and operaticn of reactor protection

systems, were used by the staff in conducting the audit..

January 23, 1979

The audit began with a brief overview presentation of the IPS Design.,

and Verification Program presentad by 'iestinghouse. The slides used

during the presentation are contained as enclosure 4.1. The staff

stated its objectives for the audit as presented in enclosure 2.
_ . , .

-

In a discussicn of WCAP 9153, Westinghouse presented enclosure 4.2.

This enclosure defines the design, development and verification activities
~'

for both the hardware and the software for the IPS. This enclosure -

'

also provides an over/iew of the activities discussed in WCAP 9153.

In cur audit of specifications and verification activities, the staff
,

limited its efforts to the evaluation of the System Design Specifica-
._

.- --
-

, tions (SDS), the Preliminary Software Performance Specifications (SPS),

and the Equipment Performance Specifications (EPS). In the discussion
: .. .

on the System C2 sign Specifications, Westinghouse presented enclosure
~

4.3 and enclosure 4.4. In discussing enclosur.e 4.3, the methodology
.. -

.

for generating and verifying the System Gesign Specifications was ex-
i

plained. Westinghouse's iluclear Division generated functional require- |

ments, ' logic diagrams, and engineering flow diagrams as components of

the SDS's._ Enclosure 4.4 is the System Specification Master Reference

Document. The 'SDS's serve as the documented specifications 6f a purchase

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

*

.

.
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.

order between the Westinghouse Muclear Division and the Westinghouse Industry

System Division. The Westinghouse Industry Systcm Division is responsible
,

for completing the design and fabricating the IPS. Westinghouse stated that('N, -

I!he verification activities for the SDS's consisted of a review for

similarity of requirements with requircments for other plants and the use
~

of design reviews to verify specifications of new cereponents. _As a(~x
\ |

methodology, we fcund it acceptable and procceded to evaluate its'

impicmentation. ' estinghouse stated that the Preliminary Sof tware.

Perforiance Specifications were generated by the Industry Systam Division
,

.
and were verified with respect to the SDS's Oy the . aclear Division."

- - - _ , . - .

, ,

The staff selseted the pressurizer pressure signal as a signal to audit

'le concentrated our evaluationand trace through the components of the IPS. -

on the verification activities associated with the sof tware and hardware

used to process the pressure signal. At our request, Westinghguse

defined the dccumentation associated with the pressure signal. The.

-
documentation consisted of the E-Spec, syst:a bicck drawings, the SPS's

~ ~

' and the EPS's. In evaluating the SDS's, we learned that WCAP 8397,

Addenda 1/Ref'. 3/ was in practice a part of the SDS's but was ncwhere

. uniquely defined as part of the SD5s. We noted this'as a procedural
(~ .

(.j deficiency in the SDS's. However, we diu verify that time and error

budgets for the pressurizer pressure signal were documented in the SDS's

and appeared reasonable in value.
- .
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Our audit continued by tracing the pressurizer pressure signal thru the

OfGR and K.t/f t functions within the IPS. We also audited the processir.g

of the pressurizer pressure signal through the ESFAS.
,

n e/aluating the procedures by which the SPS's were verified with

respect to the SCS's, we requested that several '.lestinghouse personnel

who perfor.ned the verification present hcw the specificaticns we.e

verified, illustrate how discrepancies . vere identified and define the

means by which these discrepancies were conveyed to the spacification

designer, After several presentations, we concluded that a lac'k of

uniformity existed in the designation of discrepancies, Our concern ..as

,

-that < poorly designated modification could be misinterpreted and thus

result it. an error to the design of the IPS. Our evaluation also noted
~

that a change procedure did exist and was being used. ]estinghouse stated

that the Final Software Performance Specification would cont'ain all
.

.

jdentified revisions and contain more technical information thati the pre-

- liminary specifications. The staff did no aluate the Final Software
- --

; .

Performance Specifications at this time but will do'so at a later date.
/

. Also, see our consultants report, enclausre 5)., _
_ , - -

*

(

Uur audit also noted that WCAP 2153 did not reflect the scope and depth'
.

of the specification verification activities for the design. Although

_

we detected procedural deficiencies, considerable evidence existed in-

the form of documentated discrepancies to conclude that a substantial

verification effort had occured. tiestinghouse recognized the deficiancy
..

.

. e

o
_

.
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in WCAP 9153 and stated that the report would be revised and redccketed.
.

Should the revised WCAP 9153 properly reflect these verification activities.

we anticipate that we would approve the report.
.

( \

LJ -

January 24, 1979
.

.

The staff cocpleted the audits of the SPS's and the EPS's on January 24th.
~

(') As a matter of doccaentation ccnvenience, we have reported our total evalu-
LJ

ation of the SPS's in the previcus section titled January 23, 1979. Our

evaluation of the verification activitied for the I?S's are discussed in
. .

'the subsequent paragraphs. -

~

.

*
. - - - -- - -- - -

We conducted our evaluation of the EPS's and verification activities

in the same manner as cur evaluaticn of the SPS's. '|e reque:ted that

verifiers of EPS's present the specifications verified, illustrate and

discuss discrepancies identified and discuss the resolution of the discrepancies

Westinghcuse stated that the EPS's were. generated by ISD and were ' verified

,.
by the fluclear Division. In evaluating the EPS's, .-;e noted that they

.

could not be verified to the SDS's. The decomposition of the SDS's to the

EPS's contained an intermediate step which consisted 'of block diagrams of

the major subsystems. The subsequent deconposition of the block diagrams
' - -

,m . . .. . . -

() resulted in the EPS's. Westinghouse stated that the block diagrams were
_

verified to the SDS's and that' the EPS's would be verified at a later step

in the development. We also noted that this decomposition and verification

( ) were not defined by the overview presented by enclosure 4.2. Westinghouse
N-

. . . __ : -

_. . __ .
.
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stated that enclosure 4.2 would be modified for both hardware and sof tware

to reflect the actual decomposition and verification activities. He

understand that the revised version is to be incorporated in WCAP 9153.
,

'

.

The verification activities associated with the design of the hardware

for processing of the pressurizer pressure signal and the reactor coolant

pump speed signal were evaluated. The verification of the ISD system level

drawings for these signals was conducted by the ."uclear Division. He had

the verifier discuss the processing of the subject sigr.al and describe

how he idantified and documented discrepancies.The resolution of

discrepancies were presented as revised system level drawin,gs. Eased

on the system level drawings, documented discrepancies, and resolution to

descrepancies evaluated, we concluded that the verification activities of
'

the system level drawings to the System Design Specifications . tere in

conformance with the guidelines presented in enclosure 3. The' staff will

evaluate the verification activiti,es associated with the EPS's at a .

future audit. -

.
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(2) REVIEN MEETI::G HA:2 CUTS OF 12/1/73, 12/15/78

. .
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_
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-- AUDIT EQUIPMEtiT PERFOR"A';CE SPECIFICATIC::S

(O
'

-

)

DEFI?!E VERIFICATION ACTIVITIES-

EVALUATE DISCRE?AiCY ICE::TIFICATIC: A !D RESCLUTIC?!-

'

EVALUATE QUALIFICATICN OF VERIFICATI0:1 TEAM
.

-

.

EVALUATE INDEPE :DENCE OF QUALIFICATI0:1 THAM-
.

EVALUATE C0::F0F"A|lCE TO VERIFICATION GUIDELINES-

P.M. '- JA;1UARY 2'4,'1979
- ~ '

~~

STAFF CAUCUS
~ ~~~~~~

--

.

SUP. MARY MEETI!G WITH WESTINGHOUSE INITIAL RESULTS OF AL'DIT--

*

_

DISCUSS WCAP 9153, .--

~

VaV EFFORTS A;!D SCHEDULE -

INDEPE!:DENCE
-

PROGRAM FOR MODIFICATION AFTER I:lITIAL QUALIFICATION
.

. s

EVALUATION
,

,
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ENCLOSURE 3

YERIFICATION AND VALIDATION GUIDELINES
.

The Verification and Validation (V and V) program plan will define and
f]J .

% describe the activities presented belcw:

1. The program plan shall define the steps within the development

O of the digital computer based safety system. - .
'

,

V
2. The program plan shall define the verification activities for each

step of the developnent.

3. The program plan shall define and describe the tools utilized for

each verification activity. The verification tools shall be independent

from the design, development and qualification tools used for the project.

The tools may consist of analysis tools, test teols and evaluation tools.

4. The program plan shali define the documentation required to record

the results of verification activities. All discrepancie's resulting frca

verification activities are to be documented. The resolutien of the

discrepancies shall be auditable by an indescndent party.
.

5. The program plan shall define the validation activities for the
!*

_

project. .
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ENCLOSURE 3*

,

.

-

ine pr:,; ram t.'.an shall d3 fine and des ribe tools uti,lind for eachr _s .

c.
| ;

6,J
validation activity. The validat.i,cn 1:ois shall be indepsdent frecn

tr.t develcpent-jools used for de. project. Ex:eptions to this re:uirt-
,

mer.t . ust be justified by the applicant.,

(v) m-

,

The program plan shall define the documentation required to rec:rd7.

the results of validation activities. All discrepancies resulting
p -

from Se validation activities are to be documented. Tne resolution( -
'~'

,

of the discrepancies shall be auditable by an indepandant ,carty.
.

Tne program plan shall define and describe the inde' pendent and*

8.
'

comb. etent organization selected to parform the verification and vali-
.

'

dation activities. Tne indepindence of the selected organization shall
.

be justified in terms of its management, personnel, analysis tcols,

test tools, and financial arrangements with the safety system develop-

E.entorganizations. The independent organization shall be further des-*
1

I

cribed in terms of the qualificaticas of personnet to perform the
--

verification and validation activites. ,

!

|

The program plan shall define a schedule for the verification and9.

validation activities. The applicant's development schedule for the(q I

w.-) safety system shall also be defined. The schedule sequence between

development activities and the verification and validation activities |
.

.

. .
- . .

.
.

(~~T shall also be defined. *
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O
1.0 PURPOSE:

The purpose of this System Specification Master Reference Document
N is to provide definition of the System design documentation that

EP'a'RSD uses (in conjunction with the prototype purchase order
documents) to specify, manufacture and test the 414 Integrated
Protection System Prototype.

"

2.0 SCOPE:s

This " Master Reference Document," together with its listed documenta-
tion references, is the E P'a'RSD System Specification for the 414
Integrated Protection System Prototype. It includes specificaticus,
system drawings, standards and procedures for both the hardware and
software aspects of the System.

3.0 DOC" MENTATION REFERENCES:

The System Specification, for the 414 Integrated Protection System
Prototype, consists of the following:

A. Equipment Specification (E-Spec):

E E-Spec 953230:

This specification together with its listed references

in Section 3.0 establishes technical and administrative
requirements covering system related hardware phases of
design, manufacture and testing of the 414 IPS. Specifically,
this contains:

'
~

a,C,e

A

m

f%
U . -

* .

, , _ , __ . ___. y -.v-, 4* ' -4' - * ' - ~ '""' C



3.0 DOCUMENTATION REFERE' ICES: (Continued)

B. System Block Diagram:

E Drawing 1218E17:

This drawing represents the overall Integrated Protection
System architecture and its inter-connections. Specifically
shown on this drawing are:

- a,C,e"

O

~

C. Co osite Block Diagrams:

1. Integrated Protection Cabinets;

E Drawing 8761D96:

These drawings represent the implementation of
the system functional requirements, functional
diagrams, flow diagrams, channel lists and other key
documents in both hardware and sof tware. The
protection functions contained in the Integrated
Protection Cabinets, and defined by these drawings are:

-

~ a,c e

O

O

O
--

.
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t
i

I
:
I
a

3.0 DOCUMENTATION REFETENCES: (Continued) ,
'
,
.

4 C. Composite. Block Diagrams: .a,c.e
If

*
"

i
!
!

i

?

I
!

l

-

; _

1

| 2. Integrated Logic Cabinets;
I

W Drawing 8761D98:
4

_

} These drawings represent .the hardware and sof tware
;

implementation of the functional requirements, functional'

diagrams and key docunents. The Engineered Safeguard
,

Features contained in the Integrated Logic Cabinets
(Train A), and defined by these drawings are:

~ a,c.e*

a

i
;

<

I |
1

'

1
1

|.
'

i
1 t

,-

4 3. Integrated Logic Cabinets Interposing Logic
| . & Power Interface;
|- .

-

|
These drawings represent the implementation of

j . functional requirements, diagrams, system interlocks
and electrical loads that the Integrated Logic

}
i Cabinets control. : Complete definition of all Train A
[ load controls and position indication 'are defined. |

1 i

;
4

:

}c
I~
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O
3.0 DOCUMENTATION REFERENCES: (Continued)

D. Integrated Protection System
Module Equipment List
Module Specification Sheets

W SD-IPLS-462

The Module Equipment List is a reference document. It

provides listings of all Integrated Protection System hardware
and sof tware modules by process function and physical location.
All entries have unique tag numbers that match the Composite
Block Diagrars. From this unique tag number, the following
additional reference information is provided in the Module
Equipment List:

Process Protection Function

Module Description

Module Spec Sheet No.

Module Location

Purchase Order No.

|
Supplier

Drawing References

|
The Module Specification Sheets define the Integrated Protection

' System hardware and software modules. Specifications for the various
| type modules typically contain the following:

Module range

Engineering Units

! Module Accuracy

Temperature /resis cance conversion tables

Transfer functions
Timing

Alarm setpoints

Algorithms

| Definitions of variables

Applicable Standards

Documentation references |

.

O
- -

. .
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4

|

1

3.0 DOCUMENTATION REFERENCES: (Continued)

1

E. . Integrated Protection-Syutem Software Standard: |
I

'W SD-IPLS-590:
-

,

.

This Standard defines the 3?WRSD requirements for the! '

p IPS Software. The areas defined by this Standard are:
i

Standard Scope i

4

Administration Requirements i4 '

i

Design and Implementation
i
' Verification

j Documentation

Installation and Maintenance
h . ,

F. Automatic Tes ting . Requirements :
,

} W SD-IPLS-553:

This document provides the design basis for the automatic testing e

4

of the Integrated Protection System. The Protection System ,
,

; testing is divided into four classifications; automatic periodic
*

- test, . continuous error checks, manual tests and special tests.
The contents of this document are:

'.

Purpose

{.
Design Criteria -

Automatic Periodic Tests"

\
| Continuous Error Checks

! Manual Testing
a

{ Time Response Testing
I Special Tests .

!
J

| G. System Test Guidelines,
1 (414 IPS Verification Test Outline); ;

i

W SD-IPLS-582:
L

l

| This documentLdescribes the system verification test
guidelines which are used as .a basis for the System Test!

! Procedure. It provides guidelines to verify that-the IPS-
meets the y?WRSD requirements of .the System Specification.'

The contents of this document are:'-

)
! Purpose '& Objective Test Procedures

j References Acceptance Criteria
i'

l
Prerequisites Functional Test Guidelines

f: ~

Setup Data for Verification TestsTest Methods & Practices

_ ._.=_.a. .. - - _ . . _ _. . - . _ _ _ _ _ _ . , _ , _ _ . _ _ . . _ , . _ . _ _ _ , . _ _ _ _ _ , . . ,
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N _.s

Leo Beltracchi
Instrumentation 5 Ccatrols Systems 3 ranch .,_.

( s Division of Systeas Safety
V Office of Nuclear Reactor Regulation

U. 5. Nu 1 car Kcgulatory Cemmission
Washinsten, DC 20555

Dear Lec:
.

Audit of Westinghouse Verification and Validation Activities' for RES?R-41.t

On January 23-25, 1979, I participated in the audit visit to the ?.estinghcuse
ISD Division in Pittsburgh, Pennsylvania. This letter is to serve as a for al
connunication of my verbal summary presented to you during cur meeting of
January 24 My major points are sumarized as follows:

,

4 1. The Westinghouse personnel were ve'ry cooperative in providing information
in a highly organi:cd and efficient manner. In addition to making the
job easier, this cooperation, I feel, provides for a more accurate
assessment of the V5V cctivities on this project.

-

2. De cost striking deficieacy in the VSV activity was the lack of
. formality in the independent verification of the software performance

~

specifications. This lack of for=ality, in particular, resulted in
. nonstandard precedures by various specification reviewers. In addition,

the notations and terminology for depicting inconsistencies or errors
was the choice of the individual reviewer and therefore difficult to
follow. The lack of documentation was evidenced by the difficulty
exhibited by one reviewer in attempting to reconstruct the review

('~'} process which had been conducted only four or five conths ago.
N. d ..

- 3. ne above discrepancies and deficiencies appear to have been recognized
in part by later proposed revisions to the procedures and the formality
of the content of the software specification documents. n is renains

_
.to be reviewed at a future date. Mcwever, the draft docu=ents that

( '3 have been informally submitted indicate that the majority of these
'n/ problems will be handled in future revisions to the procedure.

-

- . . ..

. .

ee . .

- -
.

.

. -
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The above represent ny sur:::ary observations. In the event :.,o r e |

particular details are required to substantiate these assertions, ,

j I would be able to provide these on request.-

!i

Sincerely,

8 .

*
-

f J..B'. Sullock
i
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May 2, 1979
!

!
I

R. M. Satterfield, Chief
Instru=entation and Control Systems Branch;

Division of Syste=s Safety
Office of Nuclear Reactor Regulation

!

U.S. Nuclear Regulatory Co=sission
*

Washington, 2C 20535
,

i Dear Sir:

i Trip Recort on Westinghouse RESAR-414 V5V Audit-2

Based on our telecon of March 7,1979, it was understood that ORNL would
assume primary responsibility for planning and conducting the second V5V

j audit of the Westinghouse RESAR-414 design. Consequently, a proposed date
and agenda was prepared and transmitted to NRC and Westinghouse (See Attach-'

; ment #1).,
,

he audit was conducted by J. B. Bullock, E. B. Johnson and W. H. Sides of;

ORNL with L. Beltracch'. serving as a observer for the NRC staff. The
,

complete list of attendees is given in Attachment #2.

.

Recommendations

1) We feel Westinghouse neeis to provide a docu=ented description of the V5V
philosophy and its inpleu c .:ation for the RESAR-414 hardware codules. The
description should also address the procedures for qualifying, controlling
and using standard or spe:ial test software packages needed for hardware V5V.

2) Future revisions of the procedures manual for preparing a software test
specification should incluct. : ore specific detail on units notation, and
criteria for branch and ron;;t testing of each software module.

i

Scoce

The scope of the audi: was to review the ec= position, activities , and plans
of the Westinghouse independent verificatica and validation teams for both
hardware and software.

DUPLICATE DOCUMENT

Entire document previously
entered into system under:

. h, [h.
./k

ANO

No. of pages: j
l

- _ _ _ - _ - - - - . - - ----v~ , - - - - , , - - -e- -, c- - - - - - ,
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R. M. Satterfield 2 May 2, 1979

Audit Su==ary

The audit was conducted in the sa=e basic format and at=osphere as the
previous V5V audit perfor:ed by the NRC staff (See Memo from L. Beltracchi
to R. M. Satterfield, Re: Audit of RESAR-414 dated April S, 1979).

Detailed minutes are showm in Attach =ent 13. The highlights are su=mari:ed
as follows. During the review of the software V5V efforts and team qualifi-
cations, descriptions of the background and experience was presented by the
=anagement personnel. We cencurred with their judg:ent that suitably
qualified people had been assigned to the V5V task.

No major problems were noted in the software V5V effort relating to
software test specification (STS) development. However, during our discussions
of the detailed procedures to be followed by each teas =e=ber when
preparing an STS, we noted that a few itens were not for: ally listed in the
procedure pide, such as the important criteria of 1) full range testing
of all inputs, and 2) extent of testing, including testing of all branches.
These criteria were being used, however, by the chief verifier when reviewing
and approving each STS. It was also noted that the conventions of notation
of number type or numerical base were not for ali:ed nor closely followed
by all teas =e=bers. These problems, although not ajor, should be corrected
in future revisions of the procedure manuals. (See Reco=mendation No. 2)

The hardware review resulted in a need for better understanding of the
Westinghouse position on hardware V5V. Unlike the software V5V team the
hardware group has apparently based their approach to the verification task
on the " black box" philosophy. The degree of independence from the design
group maintained by the V5V team was also difficult to ascertain. (See

Recoc=:endation No.1)

A second concern was generated by the de; te and manner in which " test"
software is used for the hardware verif;.:stion. Because of the digital
nature of the hardware boards, it is r.aturs.1 to rely on software packages
for =any of the input data generation and cutput results operations. However,
this software =ust be treated like late:cto y test equipment with respect to
quality control, accuracy, calibration, et:. We were not able to assess this
latter aspect during this audit however _; will be covered in a fuT.are audit.

The subject of independent software snuh analysis was discussed with the
understanding that Westinghouse would c:. sider the :atter during the next
two weeks.

Sincerely, f ig a p
]O k~Ov &,/ [ C[f ~;, A JL a n nw,

J. B. Sullock

cwl

Attachments
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July 9, 1979
I
| R. M. Satterfield, Chief
i Instrumentation & Controls System Brancht

Division of System Safety
! Office of Nuclear Reactor Regulation'

U.S. Nuclear Regulatory Commission
; Washington, DC 20555
i

; Dear Sir:

TRIP REPORT ON WESTIMGHOUSE RESAR 414 V&V AUDIT - 3
i

On June 6-8 1979 the ORNL V&V Audit Team completed its Technical Audit 4
of the RESAR 414 protection system. Listed below are the detailed minutes

4

of the audit including a summary and recommendations,

j Summary and Recommendations

! The audit was conducted in the same fomat procedure as previous V&V audits
with no major serious problems encountered. All outstanding items frem

,

'

previous audits as noted below have been adequately resolved by ccmcitments
frc.m Westinghouse to incorporate the indicated changes as additions to their
procedures. A few outstanding items were generated as a result of this audit.
However, they do not appear to be major issues and they are excected to'

resolve during the course of the next audit. Tentative plans for scheduling
an audit of the integrated system test plans were made for the week ofJuly 23,1979.

J

Minutes of Technical Audit of Westinchouse V&V, June 6-8, 1979

The V&V Audit Team, consisting of J. 8. Bullock, E. B. Johnson, and W. H. Sides !of ORNL, met with Westingnouse personr.e1. Mr. John Gallacher of W-NTD presicedO for Westinghouse. Meeting attendees were introduced (see Attachment I for
attendance lists for each of the three days).

Mr. Bullock presented the scope of the audit, which was the review of out- I

standing items from the second audit and the revie.1 of verification test
'

results for both hardware and software. The agenda as modified durine the
meeting is shown in Attachmen

tir. G. W. Remley of ' -ISD revi DUPLICATE DOCUMENTd
Wcstinahouse to design verifia~

module structure, generation c
modules, Entire document previously

entered into system under:

ANO
g

No. of pages
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August 13, 1979
i

R. M. Satterfield, Chief .

- Instrumentation and Control Syste=a Branch
Division of Syste=s Safety

,

Office of Nuclear Regulatory Regulation
U.S. Nuclear Regulatory Co=sission
Washington, DC 20555

Dear Sir:

Trip Report on Westinghouse RESAR-414 V&V Audit #4

The fourth RESAR-414 V6V audit was conducted at E-NID in Monroeville,
Pennsylvania on July 23-24, 1979.

Ihe V67 Audit Team, consisting of J. B. Bullock, E. B. Johnson, and W. E. Sides,

( of ORNL, cet with Westinghouse personnel. Mr. John Gallagher of E- ED
presided for Westinghouse. Maeting attendance for the two days is listed
in Attachment I.

Mr. Bullock presented the scope of the' audit, which was the review of
outstanding ite=s from the third audit and the review of the Integrated
System Test Specifications. ""he agenda as =odified during the =eeting is
Attach =ent II.

Ocen Ite=a frem the Third Audic

One of the two cuestanding itas: from the previous audit was the proce. dure' used for generating the expected results that are a part of the Sof tware
i

Test Specifications (STS). ;5. ;6tovsky of E-ISD presented an exa:ple of 1

the calculations of the e:ge:ted results for the DNBR Test Specification.
The Audit Team concluded that the concerns it had expressed in this area
during the revious audit had ieen resolved.

The second outstanding ites frc: the previous audit was the'Eardware
Test Procedures and Iest Result ' - ^

l
been obtained for the QM cards,
completed. Because the Test Re DUPLICATE DCCUMENT
to the Audit Team, this re=ains I

entered into system under:

sNo 7?ersne 4/9 -

.

No. of pages:

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

R. M. Satterfield, Chief 2 August 13, 1979

Review of Integrated Syste= Test Specifications

The Audit Team began the review of the Integrated System Test Specifications.
The specs were based on a draf t Westinghouse document "414 Integrated

" Protection System (IPS) Verification Test Outline." This document was
produced by ' -NTD as a part of the System Design Speci.fication (SDS) . Af
discussion ensued regarding the =ethodology for for=ulating the integrated
system tests. It was Mr. Bullock's view that the integrated system should
be tested using input variables which s1=ulate plant operating conditicas.
It was Westinghouse's view that the integrated system should be tested
agaiist the SDS. Discussion continued regarding the =ethedology used to
for=uiate the tests contained in the Verification Test Outline. It is the
Westinghouse view that, since the SDS are generated from the integrated system
functional requirements imposed by the plant performance require =ents, testing ,

'

the integrated system against the SDS is sufficient, and testing by plant
s'mulation is unnecessary. Mr. Bullock indicated, however, that =ulti-variable

,

iaut testing using si=ulated plant input variables may be required to verify
th integrated system can perform the intended safety functions. It was |
reso=sended that Westinghouse consider writing a docu=ent that would describe
their techodology and philosophy for integrated system testing for use,in
future audits. I

I
.

Because of a lack of DNBR test case data, a supplemental audit was planned j
for early Septe=her to continue review of the system test cases and procedures I

and of the QM card test results analysis. The Audit Team requested to be |

present for so=e of the integrated system tests, which will probably occur
! in October. Westinghouse agreed to inform the team of the task schedule.

It is estimated that the final audit will probably occur about January,1980.

We obtained copies of the folicwing draf t docu= ants during this audit visit, |

however, because of the large quantity and the detailed nature of the infor=ation, |
Iwe have elected not to include copies of the nacerial with this report.

Copies can be readily made available by writin;; or calling the undersigned.
The docu=ents are:

1. 414 Integrated System Verification Test Outline Rev. 0 8/78
2. Product Verification Test Procedure '..icrocomputer QMC 5/79

Please feel free to call us if you have any further questions on the subject
trip,

s

Sincerelv,

" . . -h'' [ k.&, % W .
l.-- |J -f
,/ . B. Bullock

a'
cwl

ee: J. L. Anderson
E. B. Johnson'

W. H. Sides , ,

t . .1
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\.))( November 28, 1979

R. M. Satterfield, Chief,s

(V)
Instrumentation & Controls System Branch
Division of System Safety
Of fice of Nuclear Regulatory Commission .

Washington, DC 20555
'

Dear Sir:

Trip Report on Westinghouse RESAR-414 Audit - 5.

On November 1, and 2, 1979 the ORNL VSV Audit Team, consisting of
J. B. Bullock, E. B. Johnson, and W. H. Sides, met with Westinghouse
personnel at ISD in Pittsburgh, PA. Mr. John Gallagher of W-NTD presided
for Westinghouse. Meeting attendance for the two days is listed in ,

p! Attachment I.(V
Hr. Bullock presented the scope of the audit, which was the review

of outstanding items from the fourth audit, review of the format of the
summary document for the verification program, the selection of benchmark
test cases from Chapter 15 of RESAR 414 to be used in integrated system
verification, and review of the IPS simulator. The ag'enda as^ modified
during the meeting is Attachment II.

The Test Results and status of verification of the QM-series (micro-
processor) cards were reviewed. Mr. Brian Reid described two problems

whicn surfaced during testing. The first problem, involving crosstalk
among the conductors in ribbon cables, was discovered and resolved prior

(p) to card verificacjon testing. The second, involving crosstalk between
M-buses, was discovered during verification testing at temperatures above''

room temperature when the M-bus cables were packed together. The system,

including cards and interconnecting cabling, was observed to function as
designed at room temperature but malfunctioned at elevated temperatures

f'"1 >90"F. Westinghouse-NTD proposes to redesign the affected part of the
(,) system and resubmit the new design for testing and verification. In

addition, 'y ISD procedures for tests prior to verification testing will
be modified to include tests involving both cards and interconnecting

(y

(a?
_

,, . -

coJ . ..t :3

.
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R. M. Sattetfield, Chief 2 November 28, 1979

I )
RJ

(ribbon) cables. 1.'estinghouse-N1D also propows to continue the verifica-
tion of the software using the integrated hardware system but restricting
the tests to room temperature conditions and separated M-bus cables. The
VtV Audit Team concurs with this approach by noting that, uith the room

i ! temperature and separation restrictions, the hardware proposed to be used
to verify the integrated sottware will have been verified."'

Because the above problems are a type of 211 problem, Mr. Bullock
pursued the general question of the vulnerability of the integrated hard-

[~ ware system to EMI internally generated and from external sources. It was
s

) stated by Westinghouse that, in general, EMI testing is considered part of
,_,

a required series of qpalification tests which are separate from (and later
than) verif ication testing. Such required qualification testing (such as
scismic, EMI, and other environmental testing) will be done on the completed
cabinets.

The results of the verification testing of the integrated system at

room temperature will be submitted for final review at the next audit. The
redesign and verification of the modified system will be completed at a later
date.

The Audit Team next reviewed the proposed format for a topical report
'

/~ which will summarize the Westinghouse Verification and Validation program.
' _ ,/ Mr. W. J. Smith presented the proposed Table of Contents for review of,

completeness. Mr. Bullock suggested an expansion of the proposed Introduc-
tion to include a description of V6V philosophy. In addition, a reordering

of some of the major sections was suggested.

The Audit Team next reviewed the selectica of tests f rom Chapter 15 of
RESAR 414 which Westingheuse proposes to use for stage 3 benchmark tests for
system verification. A list of the Chapter 15 tests, including indication of
those selected as benchmark tests, was provided to the Audit (Team before the
audit via a letter from J. M. Gallagher to J. B. Bullock, dated October 16, 1979
(ESD-JMG-261).. Mr. B. '4. Cook, W-NTD, discussed the selection criteria and,
in addition, presented the proposed method to include the effects of process
signal noise on the integrated system performance. The list of Chapter 15,

tests and the criteria for benchmark test selection are shown in Attachment III.s-

The tests are intended to verify the integrated system will properly respond
to dynamic inputs simulating the design basis events. Input signals to the

IPS will be generated using various design and transient analysis codes which
simulate the NSSS. These codes dill generate digital data files which will

7~ be used to produce analog signals by digital-to-analog. conversion. Process'

~ noise will be generated from a digital white noise source, filtered to simulate''

the spectra of process noise typical of an operating plant and added to the
signals in the c'ata files. Tests will be conducted both with and without
process noise included in the signals. The procedures and acceptance criteria
for this testing are presently being written.- 1

1,

d
.

D**D *D ~T
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M. !:. Sattert'; eld, Chief 3 hvembet 23, 1979
.

A

The Audit Team concurs with this approach with the additional recorsend
the selection of benchnark tests from Chapter 15 assure that alltion that

sequences of trips which appear in Chapter 15 arc included in the benchmark
test cases.

Bullock then discussed the subjects of software sneak analysis andtir .
defensc-in-depth with !!r. Gallagher. The results of these discussions are
shown in Attachment IV and Attachment V respectively.

rt /iewed the capability and structure of the IPSThe Audit Team next
simulator. Ftr. G. W. Remley, W-ISD, presented the system architecture and
functions. The simulator is used in testing an integrated protection
cabinet (IPC), an interposing logic cabinct (ILC), and a rod position
indicating (RP1) cabinet. The remaining three* IPCs and an ILC, the input
sensors, the integrated control cabinet (ICC), plant computer interface,
post accident monitoring (Pall) cabinet, and the loads on the ILC are
simulated. Cards developed and verified for the IPS are used in the
simulator and interface. Consoles provide system communication and documenta-
tion of tests and results. The audit Team made a brief tour to view the
simulator facility and the cabinets under' test.

The next audit, which will cover the results of the integrated systes
verification tests at room temperature, was proposed for January or

| .

| February, 1980.
| Sincerely,

,! ) , .

'

s ..

. B. Bullock
I

JBB:ls
i

| Attachments

cc: J L. Anderson
| f

VE. B. Johnson
W. H. Sides

00N OR0GMq
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Attachment I

1

Attendance - 11/1/79

O
E. J. Madera W - ISD

_

G. W. Remley W - ISD

M. S. Wojcik W - NTD

W. J . ' Smi th, J r. W - NTO

J. B. Reid W - NTD*

_

| J. M. Gallagher, Jr. W - NTD
,

B. M. Cook .U - tiTD

E. B. Johnson ORNL |

W. H. Sides ORNL

G |
iJ. B. Bullock ORNL

.

J. Mesmeringer W-
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AltaCHMENT I,

|
f

-

|

Attendance 11-2-79
|

|
:

! O
{ B. M. Cook W IPS

__

J. B. Reid W__ IPS9 W. J. Smith, Jr. W .IPS
'

M. S. Woj cik t.i IPS.

G. P. Gajdzik
--W ISD

_I$DE. J. Madera W '

S. Marcum W_ ISDI

J. C. McCann W_ ISD
j G. W. Rerniey

-W ISDi

1
J. M. Callagher W NTD

.

D. V. Gennaro
a

-W NTD4

{ E. Sternheim W R&D.;
1 ~

j J. B. Bullock ORNLi
i

E. B. Johnson,

1 - ORNL

W. H. Sides, Jr. ORNLO:
,
,
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| [ATTACilitCNT II
|
!
:

A3cada ;

Westinghouse RESAR-414 Audit #5

November 1, 1979

9 9:00 a.m.

Scope and overview of Audit Agenda-
'

Review of Outstanding Items from previous audits
~

-

Status of QM cards

Review V6V Programs Summary documentation format for-

completeness |
;

Lunch
-

-

. ;

1:00 p.m.
t

Review System verification test cases, including |-

selection criteria, acceptance criteria, and i

implementation methodology

Review methodology for process-signal noise |-

implementation, including basis for acceptance
of test results j

\
i

INovember 2, 1979

8:30 a.m.

Review IPS simulator capability-

| Audit team caucus-

| 11:00 a.m.
j
.

Exit Summary & Discussions-

Software sneak analysis-

Defense-in-depth6
-

.

O

_ _ __ _ _ _ _ __ _ _ _
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TABLE 1: STAGE 3 DESICt: SEl:CHMR.% TEST CASES

aEg u-4 3 f. ACCIDENT NAME STAGE 3 bet |CHMARK INITIAL
^

ACMARKS

TEST CASE NUM8ER CONDITION,

CMAPTER 15 5ECT50.1

Condition i evencs do not lead to actuation
15.1 All Condition i Events - Not Sele-ted --

r,f the IPS.
Nornal Operation c Operational
Transients.

.
'

15.2.1 uncontrolled Rod Cluster l' Pot standby --
*

Control Assembly Bank Witndrawal
frcm a Subcritical Conditloa.

15.2.2 t:ncontrolled Rod Cluster Control 2 Full Power N-Loop

; Assccbly Bank Withdrawal .

%751 Power N-l Loop. The. loop out of service is not |*

3 the one which would cause the bypass ofat Po=cr

the prototype channel.~

.

15.2.3 RoJ Cluster Control Assert.ly 4 Full Power The case of the dropped RCCA grosp Is
sulected as the ber cteark because it is theni si.l i gncen t (9 rop of a single smallest of the rod misalignsent cues which

full Igngth RCCA group) is detectable by the IPS.
,
'

.

This transient is adequately covered by
15.2.4 uncontrolled Boron ollution Not Selected --'

Test Case I
.

15.2.5 PIrtial t,oss of Forced Reactor 5 Full Pw er --

.'

% 1 s ilow
t

6 s75% Power - - -

I 15.2.6 Startup of an inactive Reactor

i,
Coolant Loop

i

15.2.7 Loss of Enternal Electrical Load 7 Full Power -. *

|Y and/or Turbine Trip
j

h )
15.2.8 Loss of Normal Feedsater 8 Full Power --'

E d This transient is adequately covered by the
15.2.9 g Loss of Offsite Power to the 1NotSelected combination of Test Cases 3 and 13.

--

Station Auxiliaries (Station
|' ,

Blackout)

E=cessive Heat Removal Dae 9 Full Power The full po.<er case where a f eedwater va ve
fails open yields the largest rea:ttwity15.2.10 g to Feedwater System Malfunctions
translent.

,

i
; M- .
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TASLE It STACE 3 DE5sCN BA. 'NCtetAftK TEST CA5ES (CCNT.) !

F R:5'Y414 ACCIDENT NAME STACE 3 BENCM. ARK INITIAt. R EF.,

.. CGD7 R IS' 5ECTION TEST CASE NUP.SER C0!:DITION
~

r
L

15.2.11 Encessive Load increase incident 10 - Full Pcwer --
, ,

t

15.2.12- Accidental Ocpressurization of Il Full Power --

. the Reactor Coolant System
4 1,

,
.

.. ,

15.'2.13 Accidental Depressurization of 12 No Load --

the Main Steam System ;.

.Sf ace the shutoff head of the 58 pumps Is-
,

FInadvertent Operation of ECCS Not Selected15,2.14 ---

During Po.,er Operation less than the normal primary ryste pressare. [
.

.
'

,
no transient results from this event.

* ~

4
.

Loss .af Reactor Coolint from . 14 . Full Power , |
. .

I 15.3.1- --

4 . Ruptured Pipes or from Cracks i
s .

!! In large'Pipas
*

V
Chapter 15 analysts covered by 14.5.2

-
v.

15.3 2 Minor Secondary System Pipe Not Selected . . - - -

No autocatic IPS action results frora this [4 15.3 3 Inae/ertent Loading of a Fuel Not Selected --

j Asserbly Into an' Improper event. ;

2 P3s i t ion - ;
.

t
i

I- -15.3.4 Coolete Loss of Forced. 13 Full Power -- :

j, Reactor Coolant flow . 'I
*

* *
4 .

Not Selected This event is adequately covered by15 3.5 Single Rod Cluster Control - --

- Assembly Withdrawal at Test Case 2
j Full Power
i

The mitigatlon of this event is not15.4.1 Major Raa ttor . f >olant System Not Selected . - -

i Pipe Ruptures dominated by the automatic action of the
,

IPS. Small LCCA's are covered in Test Case 13
|t

15.4.2 % eajor Secondary System Pipe IS Hot Standby --

j
Rupture

,

This event is adequately covered by: 15._4.3 Q 5teara Generc . ar Tube Rupture Not Selected -

Test Case 14.

i 13.4.4 Single Reactor Coolant Pump Not Selected This event is adequately covered by--

(] Locked Rotor Test Case 5

j 15.A.5 W Fuel Handling Accident Not Selected No auto.satic IPS action results from this event.--

15.4.6 h Rupture of a Control Rod 16 * Full Power --
,

Drive hechanism Housing (Rodi .

. pg Cluster Cant rel Asse.nbly
Ejection)

!
"

.
.

.

b . -

.

.

'
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TABLE 2: INPUT- SIG!!ALS
* -'

* -
,

,
' *'

- - ..
,, ,

,

- '

j
.

,

? .ECORDER sells 0R*
-

-
.

NOTES _ TAG t:U:lSERCHANT!EL'
'

- - -
.

.
,

,

I 'EEcoreNIS-ChannelA NE-41A
|

~ *
* -

NE-410
1 2 . Excore, filS - Channel B -,- .

j- 3 Excore Ills - Channel C
' NE-41C -- ,

.

[. . '
4

NE-410; 4 Excore NIS - Channel D --

,

JE-410A |
'

| 5 N-16 Octector Signal -

TE-451 !!' 6 Cold Lcg Temperature - -.
'

1
'. PT-455

'

7, Pressurizer Pressure -
3

LT-.4658- Pressurizer k*ater Level -

9 - Reactor Coolant Loop Flow (1) FT-416 |
'

:..
'

10 Reactor Coolant Pump. Speed (2) SE-475
'

-
,

,

LT-57111 Steam Generator Vater Level - -

,, .,
'*

FT-510
-

1. 12 Feedwater F!ow -

t .

13 Steamline Pressure (3) PT-514'

Source Range NIS (4) llE-31 ,
..

14 Containment Pressure (3) PT-937 -
,

|- .
' intermediate Range NIS .- (4) NE-35-

-
.

- -
.

,
,

,

i
!. .

- -
.

NOTES: ;-

j
,

*

(1) Input to. four channels (416, 426, 436, 446) on Test case 13 Only. |
'

; (2) Signal is a Pulse Train, O to 50 Hz.

i ~ ~ (3) 'Tes t CEses 2 th'rou'gh"16. ' ' ~ ~ ~ ~ ~ '~

.
,

i (4)' Test case 1. - i
'

-

,

9* General Note:
.-

.

'

Actual recorder channels used for each test case
! will. Se spec *ficd at e' latc.- date. !

3 |
- -

t I
.

I- '

.
- -i . .

!
"

.
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nn' WRD-NTD-Electrical Systems Development .

i vm -249-4305
( mm . November 5, 1979

.

,

Saec Integrated Protection' Systen. Sof tware-
|
! Sneak-Circuit Analysis
'

REF: ESD-JMG-272

D 'J. B. Reid' E. J..Madera - WISD
! D. V. Gennaro/J. Mesmeringer G. Remley.- WISD

| E. Sternheim - R&D-601 !
,

i

i

! cc: K. F. Cooper R. Colborn - WISD
D. W. Call C,JT''B. Bullock - ORNL-

R. A. Wiesemann
|

|-
'

The IPS sof tware sneak circuit analysis to be ' performed by Boeing for
the NRC through the technical assistance of ORNL was discussed at the

frecent ORNL audit of the !PS design verification program.

. The agreements reached with J. B. Bullock with respect to this analysis
are.as follows:

1) Mr. Remley of ISD will supply to NTD the information requested in >

;R. M. .Satterfield's letter to B. Croley on the subject matter
*

(see referenced letter) . This information will be supplied in

the form of. hard copy and computer cards per the agreement reached In'
the meeting. A list of this information' is given in Attachment 1.

2) NTO will transmit this information to R. M. Satterfield with the
necessary proprietary af fidavit which will be prepared by
R.:A. Wiesemann per agreement reached with him in earlier
discussions. If possible, the information should be hand carried
to Bethesda b'y B. M. Cook the latter part of the week of Nov. 5

,

3) Mr..). B. Bullock will submit a cocy of the final work statement
for Boe ing ' to W for our information.

.

-4) Any-cormunications for -the purpose of clarification of the information
supplied by W will be coordinated by J. B. Bullock and will be.

._

conduc ted:by telephone. conferences or meetings in Pi t tsburgh.
Mr. Re.nley of. ISD will - represent W in any such discussions. ,

I

f

|
-

.!

t

r -
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i Addressees -2- ESD-JMG-275 .

| Nov. 5, 1979
4

;

! Oi'
,

I |

! 1

1

) 5) ORNL will conduct a review of the preliminary draf t of the Boeing

j report at which time Socing will also give a presentation of the

: analytical process used to perform the analysis and the results of
| the analysis. W will attend this meeting and provide their comments

j on the results To J. B. Bullock.
,

6) Mr. Bullock will t ranseni t to the NRC the final report prepared by

Boeing with his assessment of the usefulness of t'. analysis and the

| results from the analysis. The assessment will include a distinction
| between those results which are directly or indirectly related to
; errors in the sof tware program and those which pertain to the W
j design approach. W will attend the techni, cal meetings on this
i subject held with the NRC.
i
!

,

j1
) A,bibf

-
t

.

I J. M. Gallagher, Jr.
*

Consulting Engineer
j Control & Electrical Systems

.

! JMG/mlm

.
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CATEGORY FORM OF TRANSMITTAL ~

O !
SPS's FOR DATA' LINK C'ONTROLLER SUBSYSTEM a,c.e -I

|.

1 ;

'l 1

.)
1

1

1

1g

-

.

SPS's FOR DATA LINK CONTROLLCR INTERFACE a,c.e

_

1
-

. .

~

. .

!|
--

-

DATA LINK CONTROLLER SUBSYSTEM PROGRAM LISTINGS e
-

1

.1

1-

-
1

1
-

1-

'' I.

! ! 1 LI
l '

|
'

! l' |

| 1
'

_

p _

OATA- LlHK CONTROLLER INTERFACE PROGRAM LISTINGS a,c.e; .

- >--

1 .

i i
'

I
,

0ATA LlHK CONTROLLER SOURCE CODE a,c.e; ,

3
_

,

3

I
3 |

'3 '!
3 I

.
'

3

O T. ,

il
-

~3 I
-

3 |

-.

m O-
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CATEGORY FORM 0F TRAflSMITTAL '
,

-'

DATA LitlK CONTROLLER INTERFACE SOURCE CODE
i ~ a,c,e'~

; 3

1 3

3_ _

,

DATA LINV, CONTROLLER OBJECT CODE
! _

i a,c,e
2|

t e-

2.

2
I

i 2
Ij 2

'

,

; 2

! 2

2<

; 2
2,

..
,

:

.i

DATA LINK CONTROLLER INTERFACE OBJECT CODE

a,c.e
2 *

4

! 2

2- ,

:
'

.

EXA.MPLE APPLICATION INTERFACE PROGRAM LISTING-
,

; a,C,e

! I

.i
'

1
-

i

G-

,

{ NOTES: (Form of Transmittal) ,

!
1 - Hard Copy
2 - Cards
3 - Hard Copy and Punch Cards,

i

t

|
|

9
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( j ESD-Jf1G-276ATTACIDIENT V
.

i

i Iwm URD-t!TD-Electrical Systems Development
-

249-4305
9 wnDxe !!avembe r 5, 1979;

^ 5.cgct ORi;L Technical follow of W Response to Concerns ,

,' identified in t1UREG-0493
f

; O -

d

.K. F. Cooperto

cc: T. M. Anderson J. B. Reid*

R. J. Slember B.11. Cook
.

J. C. Mesmcringer E. J. fladera - WISD
D. C. Richardson G. Remley - VISD

! L. A. CampbcIl L J. B. Sullock - ort:L

.-
,

This subject was discussed during the meeting between ORtil and V which
was held at WISD cn flov. Ist and 2nd. At this meeting a general

- 1,t rategy for the conduct of the Defense in Depth Program was submitted
by E to OPJ1L for thc.ir agreement.

This strategy was based upon the results of the Aug. 30th meeting withi

the flRC to discuss W's response to concerns identified in flVREG-0433
G A summary of the meeting which was issued by the NRC is attached to;

'

this letter.
'

.

The general strategy discussed with ORNL on flov. 2,1979, contained the
following points:

1) W will submit a report on the analysis methodology to CRf1L to be
followed at a later date by a proposed test program.

2) ORill wi1i perform evaluation of the analytical methodology in .'

terms of scope and depth and the test program in terms of completeness
tnd provide results of these evaluations to V.

- 3) W will present results of the a'nalysis cnd the test program and
an assessment of the practicality of the methodology to ORttl for
their evaluation and independent assessment of practicality.

4), Results f rom these activitics will form the basis for continuation
of the defense-in-depth program beyond Sept. 30, 1980.

- - km
Discard Dre.

.

- , - - - ,. ,,e-- ,- - ~ -. w- , e -,,e-- , , , , -g--e -e,



K. F . (,oope r -2- ESD-JnG-276
Nov. 5, 1979

The detailed plan needed to comply with this strategy is:

1) \1 will submit by Nov. 9, 1979 a report to ORNL, wi th a copy to
Rod Satterfield, on A Structured Analysis Methodoloov for De f ense-
In-Depth Assessment of the IPS. This report is in compliance with the
requirement in Section 5.1 of NUREG-0493 that W submit for eva lua t ion
their plan for the design analysis of the IPS In accordance with
the defense-in-depth guidelines .

2) ORNL should perform an evaluation of this report with respect to
the adequacy of the scope and depth of ti,ic analysis in terms of
the defensc-in-depth guidelines in NUREG-0493 The results of
this evaluatiun are needed by W by'Jan. 30, 1979

3) At the end of the first quarter of 1980 W will also submit to ORNL,
with a copy to R. Satterfield, the proposed test program and

.

supporting analysis to demonstrate that the IPS performs as
analyzed. This test program will be performed utilizing the IPS
prototype system.

4) ORNL should perform an evaluation of this test program wi th respect
to the completeness of the program in terms of demonstrating that ,

the IPS peforms os analyzed. The results of this evaluation ere
needed by W by May 30, 1980. -

5) In early August W will present the to-date~results of the analysis
and the test program and their assessment of the practicality of
the methodology to ORNL.

6) Prior to Sept. 30, 1980 ORML should formulate and recommend to the
NRC the activitics necessary to complete the defense-in, depth and
diversity assessment of the integrated protecticn system.

By copy of this letter i request that J. B. Bullock provide comments on
the detailed plan as given herein with the intent of establishing the
ORNL follow program referenced in the NRC Summary of the Aug. 30th
meeting.

h.g b
,

J. M. Gallagher, Jr
Consulting Engincer J

iControl & Electrical Systems

JMG/mim
Attachment.

1
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liEMORAi'DUM FOR: Rod Satterfield .,

THRU: Tom Dunning - i .
,

'

FROM: Joe Joyce ,
;

. .

SUBJECT: Suit 4ARY OF AUGUST 30, 1979 MEETI!;G TO DISCUSS UESTI!!GHOUSE'S
RESP 0 :SE TO C0t;CERil5 IDE!!TIFIED lil liUREG-0493, Al'D THE(

-

PROGRESS OF THE V&V PROGWJ4
. ,

'

,

*
-

.
.

. A meeting was held with members of the staff and Hestinghouse on
, August 30, 1979 in Bethesda, Maryland. ~ Westinghouse requested a meeting

so that they could (1) present to the staff a description of the methods
and approach to be used in responding to ilRC concerns identified in liUREG--

,

L 0493; and ~(2) discuss the progress of the Verification and Validation program
)

on RESAR-414. A list of attendees is provided in Enclosure 1.
s

_ Defense in Death-(l:UREG-0493)

1. B. Cook-of Nestinghouse described the defense in depth study program,

not(underway at Westinghouse with emphasis on:
-

. .

~0 .. Defense in depth v.iew of.. plant' I&C system vs. single failure
view of plant ISC system..

'

0 Jault tree methodology including source of information for
development of ISC system model.

0 Model building procecure - including:use of overlays to include,

| specific types of CMFs such as calibratiori errors.
L 0 Testing for defense in depth with emphasis on interactions between

functions identified in block structure.
.

The' presentation is .su::narized in the overhead slides in Enclosure 2. :

i 2: The staff stated that the study program was valuable in that it appFared '

to of fer.a- syste:ratic eporoach to fealing with varicus classes of ce";.:on--

mode- failures :as well as non-mechanis tic cormon r. ode failures. The
staff also expressed a concern with respect to the practicality of the ;

methodology in -terms of the magnitude of the analysis (number of cut
; sets , etc. ). -

, .
,

q -3. The 1 RC will make arrangements .to follow the Westinghouse program through!

M the technical assistance'.of ORill. ~ '

.

k"
: -

,
8*

. . - .. , , .
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VfN Program $ 0, _ . . .

. . . . . .

LL,. ..
. . . ~ . . . . . . . . ..

1. B. Reid .o~f Uestinchouse presented an overvics of the IPS design
verification procc';s with a clarification as to the activities
covered in WCAP-9153 and.the activities performed as part of the
manufacturing and systems integration test which are outside the

-

scope of work included in the UCAP.
.

-

lir. Reid also presented a revision to the System Verification Test
Philosophy based upon discussions with J. B. Builock (ORNL) held
during the 4th audit of the !PS design verification program. These
presentations are sunmarized in Enclosure 3.

.

'

2. lir. Bullock stated that the addition of test cases selected to demonsu ate
that the system performs preperly when subjected to inputs reflecting the.

plant conditions associated with accidents studies in Chapter 15 of
RESAR-414 res,olved one of his major concerns.

3. The resolution of another of his Major concerns - the addition of
noise to represent actual plant signals will be subject at the next
audit of the IPS design verification program.

4. W. J. Smith of Westinghouse presented a discussion of material to be
supplied by Uestinchouse to the NRC to serve as documentation of the.

. design covered by the NRC audi t. program. This presentation is sunma
in Enclosure 4.

J. B. Bullock ('ORNL) stated that the documentation described appea' red to5.

be corrplete enought to provide adequate summary documentation for the
system that was audited. He also stated that the contents of the sun-"ary
document should be the subject of a future audit in order to provide a
final conclusion on its completeness. He suggested that the various
-items listed in the table of contents include the number of pages
a'ssocicted with the Westinghouse file on each item.

6. R. Satterfield stated that the staff was not prepcred to make a judgment
regarfing the adequacy of the design verification program. While he
indicated that the.ORNL audit reports will provide part of the basis
thet judgment, he also said that more staff work would be required before
that j.rfgment could be made. Mr. Satterfield agreed to forward copies of
all "il audits to Westi~nghouse.

.
. e7. R. Satterfield acknowledged that the NRC had idcntified revisions to

UCAP-9153 tha t were necessary' for their approval of the report. (Cont necin L. Deltracchi's letter to Satterfield on the subject Audit of
RESAR 414 105 Developrnt , January 23-2S ,1979). He further stated,

.

however, that because of manpower limitations he was not presently in a
position to comit a revicu of the revisions and final acceptance.

. Consequently, the NRC approvapf UCAP-9153 remains an open i tem..

W.. .

-

Joe Joyc
.,

r .. ,
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i March m7, 1980
'

i

i

I .

R. M. Satterfield, Chief'

Instrumentation & Controls System BranchO Division of System Safety j

Of fice of Nuclear Regulatory Cotanission
Washington, DC 20555,

Dear Sir:

Trip Report on Technical Audit - 6 of Westinghouse RESAR-414
V6V Program.

On February 28 and 29, 1980, the ORNL V&V Audit Team, consisting
,

of J. B. Bullock, E. B. Johnson, and W. H. Sides, met with Westinghouse
personnel at ISD in Pittsburgh, PA. Mr. John Gallagher of W-NTD presided
for Westinghouse. Meeting attendance for the two days is listed in

,

Attachment 1.
!

Mr. Bullock presented the scope of the audit, which was the review
,

of outstanding items from the fifth audit (including the status of the'

memory bus design), the audit of the test results of the QM series cards
! ambient tests, and review of the Systems Verification Test Program. The

agenda as modified during the meeting is Attachment II.

Mr. Gallagher'gave a brief description of a reorganization within
the Water Reactor Division which involved some Westinghouse personnel

j in the V&V program. It was stated that the teorganization will not
1 affect the V&V program.

Mr. Reid. reviewed the status of the M bus. The redesign effort

has been expanded from the MX bus only, to include the M bus. The
redesign will provide greater noise immunity and greater common mode
protection (lOV). Changes include adding terminattun to all M bus lines,

; timitint; the bus to 48 cm length, and use of TTI. bipolar drivers and
ol vill be used to take advantage
wil: affect the QME, QMS, and QMD

DUPLICATE DOCUMENT will be added. The changes will;

iding or retesting of sof tware isEntire document previously
entered into system under.,

i

ANO

No. of pages:

i

. _ _ _ . . . . , . . _ . . . _ . . . . _ . , _ . , . . . . . _ _ - _ _ _ . . . _ . . . _ _ _ _ . _ . . _ . . . _ . . _ _ _ . _ -
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O
hardware (or software), affected parts of the system must be reverified.
A method for handling such partial reverification should be a part of
the verification and validation program. The audit team intends to
audit the reverification of the hardware affected by the modifications
mentioned above. Westinghouse intends to complete the verification
and validation of the present system, as contained in b' CAP S150, using
the old M bus design operating at room temperature, by the end of
FY 1980. Completion of verification and validation of the system with
the new cards is expected in early 1981.

Mr. Remley described the system verification testing. The V&V
testing is preceded by standard hardware tests on components (cards,
cables) and with the system assembled. While not part of the V6V
test program, V6V testing assumes that these tests have been completed.

(See General tests in Attachment III). Errors found during testing
are documented beginning with the V&V testing phase. A software
integration test also precedes the V&V testing phase, analogous to
initial " smoke tests" of hardware PC cards. Errors found in the
software during the integration test are documented, handled, and
counted as in the V&V testing phase. The Audit Team does not object
to this additional testing which is not part of the V6V procedure
provided (1) errors and resulting changes are documented and properiv
handled using V&V procedures, and (2) that errors found are examined
to determine whether they would have been found during the required V6V
testing in order to assure the adequacy of the V6V tests and riocedures.
In addition, all errors found during the V&V process should be examined
to determine whether they should have been found in previous steps of
the V&V procedure, in order to assure the adequacy of V&V testing.

Mr. Remley reviewed the errors found to date in the System
Verification Testing. (See Attachment IV). Of the 26 errors found, 9
were wiring errors, 13 were software errors, 3 were PC card design
errors, and 1 was in system specification. Of the 13 software errors,
30% were in the handling of flags and all but 1 occurred in the tester
programs. This may imply a need for special verification method of the
use of flags or an inadequate V&V of the tester. One of the PC card
errors was a design error in the Intel 8251 chip.

The Audit Team reviewed the results of the QM series PC cards at
ambient temperature. Mr. McCann described the test procedure and
reviewed the eight Requests for Engineering Action (REA) which resulted |

from errors found.

Mr. Gupta described the status of the system verification testing.
The configuration of the system during testing was described including

|

|
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August 29, 1980

i
Mr. R. M. Satterfield, Chief

'

| . Instrumentation & Controls Systems Branch
Division of Systems Integration

j Office of Nuclear Reactor Regulation
U. S. Nuclear Regulatory' Commission
Washington, DC 20555.

' Dear Sir:

I Trip Report on RESAR-414 V&V Audit - 7
' .

On July 21-23, 1980, the ORNL V4Mg Aq$(t Team, consisting of J. B. Sullock,
E. B. Johnson, and W.11. Sides, met with Westinghouse personnel at ISD in'

Pittsburgh, FA. ' Mr. John Gallagher of W-NTD presided for Westinghouse.
Dr. W. C. Lipinski, representing the Advisory Committee on Reactor Safety of '

the NRC, also attended the sessions. W.11. Sides and E. B. Johnson were not'

present for ' the session July 23. Meeting attendance for the three days is
listed in Attachment I. ,

Mr. Bullock presented the scope of the audit, which was a review of the
j ' -M and MX bus designs, a discussion of errors detected by the V&V effort, a

review of the test plan for the integrated system verification tests, and a,.

demonstration of the completed system including ad hoc testing. The agenda -

; for July 21-22 is Attachment II.

.

} The problem which occurred in the operation of the system at elevated
| temperatures (>60*C) was reviewed. As was discussed in' previous audits, the

problems appeared as crosstalk in long cables. The M and MX (extended) buses'

(-3.) were redesigned as was the threshhold of the logic circuits. The new design
was reviewed'in April, 1980, by a team consisting of Westinghouse personnel-s

2

-in ISD, NTD, Westinghouse R&D'and two.outside academic consultants. As a
. result of this review, a report was written which included a number of action

,

. it e ms . These items have resulted in the redesign of four printed circuit.
'

boards (QME, QMD, QMS, and QMD) and ore back plane. The changes have been
incorporated in the hardware design specifications and the cards have been

- - -sent to the manufacturing group. The new printed circuit boards will be
available by the end of October. There were no changes in the software.
.(The' review'did not include the software, and a groundrule was established

, , for the : redesign that the software not be affected).

. . O)
'

.

' \._- .

,
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9
The complete new bua has been tested, fully loaded, at room temperature

and at elevated temperatures up to 60-65"C with no apparent problems. Testing
will continue to determine the, level of noise immunity. An IEEE surge generato.r

will be used as an external noise source. (These tests were not performed on
the old M bus design). Verification of the hardware redesign is scheduled for
completion in December,1980, and revalidation of the hardware /sof tware system
in February, 1981.

The audit team next reviewed the hardware and software errors detected by
the V6V effort. In the V&V process (WCAP 9153), a System Design Speci fication
(SDS) is written and proceeds to the System Performance Specification (SPS).
The SPS is verified against the SDS. The hardware is designed and the software
code is written and verified against the SPS. The fully assembled system is
verified against the SDS in the integrated system testing. At the module and
. subsystem le iel, 36 sof tware errors and 67 hardware errors were detected.
These have been discussed in previous audits. In the integrated system tests

(3), 127 errors were reported, including 6 in software and the remainder in
hardware. In the hardware, 36 were in the IPC and ILC Automatic Testers (not
previously possible to subject to complete testing), 63 were wiring errors,
5 were printed circuit card design errors, and 11 were random printed circuit
card failures. The audit team reviewed a list of these and selected a few
for further attention. One error resulted from a misinterpretation of the SPS
by the programmer, apparently due to the lack of inclusion of the equation to
be ,rogrammed. As a result, an erroneous equation was created by the programmer
and not adequately questioned by the verifier. The verifier assumed the valid-
ity of the aquation and proceeded to verify that the implemented software
correctly ,1ved the equation. The audit team expressed the concern that the
incident may represent a weakness in the degree of independence expected in the
V6V team. A detailed investigation of the software test specifications was
recommended to insure that similar errors have not been created and lef t un- .

detected by the integrated system testing.

On July 22, Mr. Bruce Cook presented the Simulated Transient Test Results
Report, shown in Attachment 3, which should be noted as Westinghouse Proprietary
Preliminary Results. Following the presentation by Mr. Cook, discussion
centered principally around the co .pleteness and accuracy of the system simula-
tions. In particular, it was quee .ioned by Dr. Lipinski as to whether or not
the results could be directly related to the Chapter 15 transients. Wes t inghoust
reiterated the position that the Chapter 15 simulation testing was beyond the
normal testing for the systems functional verification in that their original
understanding of the requirement was that of the multivariable nature of the
testing rather than to show direct agreement with Chapter 15 results. The
matter was lef t for further discussion on the following day.

Following discussions on the nature of the noise simulation provided by
the transient simulator, Mr. Sides recommended that the general magnitude of
the noise signals be reviewed by Dr. Gopal for general reasonableness.

-
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I'a preparation for the demonstration of the transient test case runs, it
was noted that excessive noise in the system was af fecting the interpretation

,

7-~3 of some of the results, and furthermore, that the tape recorder drive mechanisa
! ) was experiencing some operational difficulties.
v

In our discussions about the ad hoc test cases recommended by the audit

team, it was revealed that the input testing for the various signals had not
been expressly designed to bracket the worst rates or magnitudes that could be

,e"x encountered during operation. This resulted in the request for ad hoc tests
i, ) which would step signals from their minimum to their maximum values as opposed
' ' ' to the normal 25% steps used in the system verification. These tests were

successfully demonstrated by Westinghouse for the audit team. In all instances,

the system performed in a normal and acceptable manner. Later discussions
revealed the automatic test routines typically applies signals in a step-wise

. manner and, although not by design, will in fact perform the bracket type test-
ing which earlier seemed to have been overlooked.

Requests for ad hoc tests involving partial power outages or total power
outages to the system were declined with the explanation that the system was
known to be incapable of performing an automatic restart at the present time.
The system is currently being modified to respond to temporary power inter-

~
ruptions with automatic restarts, as will be demonstrated in the final quali- .

[' '; fication testing with the M bus design in February 1981.
%J

The question of the response of the system to the extraction and reinsertion ,

'

of circuit boards received considerable discussion prior to the system demon-
stration. Westinghouse expressed their position that the system was not designed
to tolerate or to permit such activities, and it generally felt that the design
would be fail-safe. The main protection against this main activity was argued
to be a locked instrument cabinet with administrative controls enforced by the ,

operational staff. Dr. Lipinski requested ad hoc tests to demonstrate the
response of the system. In summary, it was noted that only one or two cards
failed to indicate to the operator by way of an annunciator or trip that they
had been removed.

(''3
The afternoon session consisted of the planned demonstrations of transient

(_/ cases played from the tape recorder, which subsequently malfunctioned and re-
sulted in a postponement of these tests. The ad hoc testing, as discussed
above, was accomplished with the indicated results and a session was planned
for the following morning to discuss the overall audit results.

[^} The draft version of.the Westinghouse WCAP-9739 entitled " Summary of the
(, , ' Westinghouse Integrated Protection System Verification and Validation Program"

was reviewed briefly. The main discussion returned to the topic of the previous
day relating to the extent to which the transient tests could be related to the
Chapter 15 transients, and in particular, whether or not the simulated transient
data could be reanalyzed or arranged to more clearly indicate the system is

k $

A,/ .
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ei
capable of performing its required functions to appropriately cope with the
Chapter 15 transients. Westinghouse agreed to review the arrangement of the
data and the analyses and make.a future presentation with the objective of
more closely relating the results to the Chapter 15 transients. In addition,

it was requested that some test cases be presented or evidence of verification
be made available for the ACCEPT Program. In conclusion, the audit team

reqaested a demonstration of the transient testing in which an operational
tape recorder would be available. Westinghouse was also asked to take a more
detailed look at the noise problem and its origins for the test arrangement
and in particular, to provide better DC amplifiers in the event this is ;

concluded to be the prime noise source. It was observed that the simulated !

Inoise ef forts by the test planners were probably being rendered useless in
the presence of high experimental equipment noise sources. |

l

A tentative date was set for early September for a revisit to resolve |.

these matters. |

|
Sincerely, ),,

.;

' . B. Bullock

JBB/djg

} Attachments

cc: (w/o attachments)
J. L. Anderson
E. B. Johnson .

W. H. Sides

9
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6.2 IPS Prototype Baseline Design

The following sheets compose the IPS Prototype Baseline Design, a
list of all ISD documents defining the 'as built' IntegratedO Protection System and its components.*

O *Please note that the attached list is presently incomplete
and will be completed and updated at a later date.

_

a,c,e

This entire section is considered proprietary
and the pages would appear bracketed as shown
here. There were 42 pages to the section.

O

O

O _
_

.
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'v/ 6.3 Definition of Acronyms and Abbreviations

A/D - Analog to Digital, refers to signal conversion
'/ ; AES - Actual Equipment Supplier

Lj
AMD - Advanced Micro Division

APU - Arithmetic Process Unit, the component d a computer that
performs arithmetic operations,m

i I
V Aux - Auxiliary

CAMAC - A standard for high speed serial interface

C-Bus - Coninunications Bus - a communicative link between system modules

CCI - Contact Closure Input, input signal from a mechanical switch

C & ES - Control and Electrical Systems

CG - Cabinet Ground

g CMOS - Complimentary Metal 0xide Semiconductor

CPU - Central Process Unit, the main part of a computer excluding peripherals

CRT - Cathode Ray Tube

D/A - Digital to Analog, refers to signal conversion

Demux - Demultiplexing, refers to the separation of several signals that
were combined to send along a single path

DE0 - Development Engineering Order, a document which specifies corrective
changes to a given system component

,-

V DIM - Director Inter-Module, an internal logic signal

*DNB - Departure from Nucleate Boiling, the transition from local to bulk
boiling within a reactor

[] DS - Design Specification
(, -

EMI - Electromagnetic Interference

EMR - Electromagnetic Radiation
~

( '! EPS - Equipment Performance Specification, defines functional requirements
' ' of a given system component'

ESF - Engineered Safeguards Feature



FET - Field Effect Transistor

G0 abbreviation for Group, referring to design variations on drawings-

H - abbreviation for the Hexadecimal nQmbering system

HVPS - High Voltage Power Supply

HVPSM - High Voltage Power Supply Module

ICC - Integrated Control Cabinet

IEEE - Institute of Electrical and Electronic Engineers

ILC - Integrated Logic Cabinet

I/O Input /0utput-

IPC Integrated Protection Cabinet-

IPL Integrated Protection and Logic-

IPLS - Integrated Protection and Logic System

IPS - Integrated Protection System

IRM Intermediate Range Module, a subsystem of the nuclear instrumentation-

system whose measurements span certain reactor core power levels h
ISD Industry Systems Division-

kw/ft kilowatts per foot, units of reactor core power-

| LED's Light Emitting Diodes-

1

, LSB Least Significant Bit, the least significant digit of a binary number-

!

MCB Main Control Board-

|

MDS Microprocessor Development System-

| MSB Most Significant Bit, the most significant digit of a binary number-

Mux - Multiplexing, the combining of several signals in order to transmit
over a single path

N/A Not Applicable-

NIS Nuclear Instrumentation System, a system that monitors reactor-

power by measuring neutron flux by means of excore detectors!

NR Narrow Range-

NRC Nuclear Regulatory Comission-

NS NSSSSu$olier-
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NSSS~ . Nuclear Stecm Supply System-

NTD Nuclear Technology Division-
,

ORNL - :0ak Ridge National Laboratories

PAMS - Post Accident Monitoring System
'

| .PH2 -

abbreviation.for Phase 2
PM Power Monitor-

PRM -

Power Range Module, refers to a subsystem of the Nuclear Instru-
mentation System activated by certain reactor core power levels

- PROM
Programmable Read Only Memory, a computer or microcomputer component

-

a that permanently stores linary information
PVTP -

Product Verification Test Procedure, a document describing the
tests necessary to verify that a system component meets itsdesign specification

Q-line Westinghouse ISD microprocessor - controller based product line
-

RAM
Random Access Memory, a computer or microcomputer component ' hat

-

t1 stores data on a temporary basis

-R.C. - Reactor Coolant

f RCP Reactor Coolant Pump-

!
| REA Request for Engineering Action, a document which describes a

-

|-

problem with a system component encountered during testing andrequests corrective action

RESAR - Reference Safety Analysis Report
i RHR Residual Heat Removal-

!
| RIO Remote Input /0utput-
,

RPI -

Rod Position Indicator, a-device indicating control rod position
.

I in a reactor

RTD Resistance Temperature Detector-

RS232 an interface standard for data links
-

.RX Receiveq -

SE0 Software Engineering Order,-description of corrective action to
-

software
- 3 'SDS System Design Specification, a document describing the functional

-.

) requirements of the entire. Integrated Protection System

4

..
-

!
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SG - Shield Ground

SGDRPI - Safety Grade Digital Rod Position Indicator

SI - Safety Injection

S/N - Serial Number

SOM - Start of Message

SP - Setpoint

SPS - Software Performance Specification - a document that completely
describes the functions of a given piece of software

9
SR - Source Range

SRM - Source Range Module, a subsystem of the Nuclear Instrumentation
System certain reactor core power levels

SRP - Source Range Preamplifier

SS - Signal Selector, a device within the IPS capable of selecting
valid signals and rejecting signals that are in error

STS - Software Test Specification, a document describing the tests
necessary to verify that a given piece of sof tware meets its
design specification

SWC - Surge Withstand Capability, ANSI C37.90a-1974

TRM - Test Result Manual, a test results summary for a given piece
of software

TP - Test Procedure

TX - Transmi t

UART - Universal Asynchronious Receiver-Transmitter, a serial data link
controller

VIOB Universal Input /0utput Data Bus-

UndervoltageUV -

V and V - Verification and Validation

Workspace, a segment of computer or microcomputer memory set asideWKS -

for certain data

WR - Wide Range

WRD - Water Reactors Division
|
|

l

|


