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ABSTRACT

The Integrated Protection System (IPS) Prototype Verification and Vali-
dation Program was 3 coordinated program that demonstrated that the

design objectives of the IPS as jescribed in RESAR 414 were met. Defi-
nition of the design objectives and verification program were provided
in WCAP-9153, "414 Integrated Protection System Prototype Verification

Program," August 1977. WCAP-2153 was organized into two major parts:

H

design principles and the ver: jcation program. These two major parts
were further subdivided to cover design and verification of the

hardwar

]

, software and the integrated system.

This document presents a summary of what the verification and validation
program covered in terms of hardware, software and the integrated
system. It also is representative of what the NRC/ORNL reviewed by the

technical audit process.
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1.0 INTRODUCTION

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-
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
were included for the prototype system, as well as its software and
hardware. Items such as program administration, documentation, design
and development, and verification principles were addressed in these
sections. The discussions of the verification program were also simi-
larly arranged fer the prototype system, and its software and hardware.
Items included within these sections were the program administration,
verification methods, documentation, and acceptance criteria.

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. A1l inputs from the field, control board and
other channe) sets are simulated as are the output loads of the sy<tem.
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
and validation program is also described.

1-1
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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 'n Figure 1-1 which shows
that two Westinghouse divisions were involved, Nuc lear 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 Specifications and were reviewed and approved by the NS to
verify consistent of the system design.

At the AES facility, the design and verification effori 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 procedures 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
software is shown on the left half of Figure 1-2. The software design
team led by the chief programmer, produced the Software Performance
Spec if ications 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 outout listings. The Software
Performance Specifications and the Software Maintenance Manual were
submitted to the verification team for desicn verification.

1-2
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Upon receipt of the Software Performance Specifications the software
verification team, under the leadership of the chief verifier, produced
the Software Test Specification for each software subsystem and each
software module. This dor nent definec the inspections and tests that
would be used to verify the software subsystems and modules. The
inspections performed for the purpose of verification were generally
done at the source code level, which was usually a high level, struc-
tured syntax language (some assembly language was used where close
inter’ace to the hardware or strict timing concerns required it). Test-
ing of the software was done in a micorprocessor development system
(MDS). For this verification, the software module under test was loaded
together with a code which simulated the module inputs and recorded the
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
larger software subsystem for further verification. At the subsystem
level, module interfaces and the flow of data through the modules were
verified.

Any errors in the software which were discovered by the verification
team were reported to the design team, along formalized channels, where
they were resolved. Other communications between the teams, such as for
clarification of the Software Performance Specifications, were also
conducted procedurally using prepared questicn and response types of
forms. A record of al) of these error reports and communications is
maintained by the chief programmer. A firal record of the verification
of each software module is provided in the Software Test Results Manual
«hich is prepared by the verification team. This manual contains, in
addition to the error reports discussad above, a complete detail of the
test results.

1.3 HARDWARE DESIGN & VERIFICATION

The hardware was designed and verified by independent teams in a manner
analagous to the software development. As indicated in the right half

5356A =3



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 ream 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 ve: 1fication 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 desiyn met the requirements of the
Equipment Performance Specification. The results of these tests were
documented in the fguipment Test Results Manual, which was transmitted
to the NS division for approval, Again any Zesign errors discovered by
the verification team were reported and resolved through formal, trace-
able channels.

1.4 SYSTEM INTEGRATION AND VALIDATION

Upon the completion of the software 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 validation 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




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
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 tnhe NRC
Instrumentation and Control Branch came to realization that a complete
detailed review of a complex safety system, such as the IPS, would
require too much effort to be handled by their normal review process.
The NRC, therefore, proposed an audit process whereby West inghouse was
required to perform a complete formal design verification of the IPS
while the NRC conducted audits of the results of the design verifi-
cation. By the nature of this type of audit process, the auditors may
probe as deeply as they wish into any area of the design verification,
as a result the supplier must perform 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 after 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 prr .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 nheld each last-
ing approximately two days. From the viewpoint of a vendor the audit
process is successful because it removes a large amount of the uncer-
tainty involved with the regulaiory review process. Westinghouse hopes
to see continued use of this review technigue 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
pirogram has been valuable. [t 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 satures, 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.
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2.0 INTEGRATED SYSTEM VERIFICATION SUMMARY

2.1 METHODOLOGY OF INTEGRATED SYSTEM VERIFICATION

2.1.1 TEST METHODOLOGY

It is the Westinghouse Nuclear Technology Division (NTD) practice that
new equipment designs be verified to ensure that the equipment meets the
requirements of the System Design Specification.

In order to minimize the number of test cases reguired 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.

The system is designed from the top down, the system verification test-
ing proceeds from the bottom up. This permits the proper operation of
each sub unit of the system to be established prior to introducing into
more complex interconnections within the system thus localizing problems
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 nf 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.

1. A1l hardware modules have been verified to operate in accordance
with their Equipment Performance Specifications (EPS).

2. A1l software modules and processes have been verified to operate in
accordance with their Software Performance Specifications (SPS).

2-1
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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 interfaces 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 intarfaces 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 wCAP-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 system ouputs
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 abnormai range
of inputs in a way that assures its proper operation in an actual plant
situations.

2-2
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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,
i* 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 architeztural 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.

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

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 sersor in a piant. Process noise or any other noise is not
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.
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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 ne collected. For instance, channels with nc time depen-
dent elements are adequately checked using slowly varying or incremented
signals to estabclish gain and bistable accuracies whereas channels con-
taining lead lag units, etc. are verified through the use of time vary-
ing signals whosa 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 teing
tested. Steps are typically used to establish the time response of a
channel and its transient response generally while ramps are used te
demonstrate the correct system operation and signal polarity.

Tests are run : a4t 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.

v

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.

2.2 PREREQUIS:TE INTEGRATED SYSTEM VERIFICATION TESTS

This section defines the objectives of each of the system 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 def ine
the various stages in which the tests were categorized.
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Preliminary testing is a series of tests on the [ntegrated Protection
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, amalog signal conditioning circuits, speed pickup input,
Nuclear Instrume-tation System (NIS) input, A/D converters, Safety Grade
Digital Rod Position Indicator (SDRPI) data link input, time dependent
functions, bistables and calculations.

In Stage 2 all of the devices tested in Stage 1 are activated again and
continues through the interposing logic of the system up to and includ-
ing partial trips and ESF actuations. The Integratea System Tests Cases
operate in the integrated system by simulating a series of plant acci-
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 descriptionr follows:

2.2.1 PRELIMINARY TESTS

2.2.1.1 1P2C Preliminary Tests

1. General Tests

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

a. Cables

(1)
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(5)

(6)

-

d. Burn<In
—

(2)

-

2. [PC Subsystem Tests

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

The subsystem tests consists of the following:
r
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. ILC Subsystem Tests

~No

The objective of this section is to verify each identifiable sub-
;ystem made up of verified software loaded into verified nardware

prior to starting system verification tests.

The subsystem tests consists of the following:

The specific subsystems involved are as follows:
a. Communications sus Controller
Objective

The purpose of the Communications Bus Controller subsystem test

is:

5356A 2-10
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Power Interface

The purpose of the "Power Interface" subsystem test 1s:
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Maintenance Arming

Objective

The purpose of the "Maintenance Arming" subsystem test is:
P
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Auto Tester Arming
Dbjective

The purpose of the "Auto Tester Arming" subsystem test is:
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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,
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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.

A1l outputs are monitored continuously.

Stage 1 tests overlap with pre-requisite tests.

1. Static Test

Opjertive

The purpose of the Static Test is:

5356A

To verify that process input accuracies under static conditions
meet the established requirements.

To verify that system scaling can be accomplished.

To verify system wiring up to A/D converter input, lead lag
input, rate lag input or bistable input; terminacion 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.

To determine the output loading effects (both internal and
external).

To ensure that there are no excessive hysteresis effects between
0 and 100% full range.

To verify all input and outpu® data links are functioning
properly.



Dynamic Tests for Analog Channels

Objective

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

To verify the operation of all lead/lag functions and bistables
implemented in hardware.

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-
back signals correctly.

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 ESF Channels

Objective

The purpose of the Dynamic Tests for ESF Channels is:

5356A

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

mented in software.

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

To verify that the I°C Automatic Tester is receiving the feed-
back signals correctly.

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

A and 'LC B are receiving the status and trip signals correctly
over data links.

2-18



Dynamic Tests For NIS Channels

Objective

The surpose of the Dynamic Tests for NIS Channels is:
3. To verify that the software summators are calibrated properly.
b. o verify that software track/store is operating correctly.

¢c. To verify the trip and reset accuracy of all bistables impie-
mented in software.

d. To verify that summator, track/store, rate/lag, and bistable
outputs are input correctly to other subsystems.

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

£. To verify that the Control Signal Selector, Plant Computer, ILC
A and ILC 8 are receiving the status and trip signals correctly
over data links.

DNBR and KW/FT Subsystem Test Cases
Objective
The purpose of the DNB-KW/FT partial trips subsystem test is:

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

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

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

5356A
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The surpose of the Logic Tests for Analog Channels is:
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To verify that the IPC Automatic Tester is receiving the feed-
back signals correctly.

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.

Logic Tests for ESF Channels

Objective

The purpose of the Logic Tests for ESF Channels is:

To verify that the logic from bistable outputs, reactor breaker
status contacts and manual pushbuttons up to the inputs of 2/4
Reactor Trip Logic or 2/4 ESF Voting Logic is functioning
properly.

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

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

Objective

. 53564

The purpose of the Logic Tests for NIS Channels is:

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/¢ Reactor Trip Logic or 2/4
ESF Voting Logic is functioning properly.
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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.

Logic Tests for DNBR and KW/FT Trips
Objective

—e e

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

subsystem 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 following 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. Reactor Trip 2/4 Bypass Logic

Objective

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

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

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

5356A
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c. To verify the operation of all 2/4 BYPASS gates for four test
cases. And in conjunction verify the proper transmission of
partial trips and bypasses to Channel Sets II, [II, and IV.

5. [IPC Automatic Tester
Objective

The purpose of the IPC Automatic Tester verification 1is:

a. To check that the local and MCB located IPC Automatic Tester
Panels are functioning correctly.

b. To check that the IPC Automatic Tester results are being printed
correctly on the local terminal and at the plant computer.

To check that the IPC Automatic Tester is testing the [PC under

O

normal conditions with no errors.

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

Channel Inaccuracy

Dynamic unit Time Constant Inaccuracy
Bistable Setpoint Inaccuracy

Logic Fault

Reactor Trip Fault

Reactor Trip Response Time

Abnormal Operation

§. ILC Train A Automatic Tester

Objective

-

The purpose of the ILC Automatic Tester Test is:
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a. To verify that with the ILC System set up for normal operation,
the tester functians properly transmitting the appropriate
idle-mode) information to the plant computer and for local
iisplays.

b. To verify that the ILC Automatic Tester and the ILC System are
functional in the auto tes* mode and the appropriate test
~esyults and other pertinent information are transmitted to the

]

alant computer and local displays.

¢. Yo verify that the ILC Automatic Tester detects errors pertinent
to idle mode and test mode operations.

b ~

’. Control Signal Selector Automatic Tester

L
o
v
O
o

ive

The purpose of the Control Signal Selector Automatic Tester

subsystem test is:

a. To verify that the Control Signal Selector Automatic Tester fis
functional in the self test mode.

o

To verify that the Contro) 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.,
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2.3 INTEGRATED PROTECTION SYSTEM SIMULATED TRANSIENT TEST RESULTS

2.3.1 TEST OBJECTIVE

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 erperience while performing its mission in tne plant.
This was accomplished by simulating plant transients on a digital com-
puter, using safety analysis codes, recording those transients on an
analog tape recorder and injecting them into the system prototype
through its normal inputs.

In order to coordinate this vaiidation of the system to its design
pases, the transients that were simuiated were selected Trom the
RESAR-414 Chapter 15 accident analysis. In general, the conservative
assumptions and analysis, typical of reactor safety analyses, were not
adhered to for tnese simulated transients, ratner, “best estimate"
analysis was used in that a single set of nominal plant parameters was
used for all of the transients and the initial conditions were nominal
plant values. This is consistent with the objective of this testing,
ie, to show that the system responds to realistic transients. However,
because the assumptions for the generation of these transients are dif-
ferent than those of tne safety anaiyses, 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 System
Settings and accuracy requirements spec fied for the system. It snould
be noted that due to the broad scope of this type of testing, it is not
practical to test all functions of the Integrated Protection System.
The completeness required for total system validation 1s provided by the
individual channel function tests which were performed in the remainder
of the integrated systems tests.
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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 tne 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 nigh
nuclear flux or a Tow DNB ratio.

2.3.3.3 Uncontrolled Rod Withdrawal, N-1 Loop Operation

This transient is like the previous except for the speed at wnhich it
progresses and the fact 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 immediate
decrease in reactor power after which the control system attempts to
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recover to the initial congitions. Due to the primary/secondary system
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 2 sudden decrease in power and trips the reactor if
the power rises above the minimum value following the event by more than
7%.

2.3.3.5 Partial Loss of Forced Reactor Coolant Flow

This transient is gjeneratec dy tripping one of the reactor coolant pumps
and a)lowing it to coast down. The initial power level of the plant is
100%. The protective action is the low reactor coolant flow reactor

trip.,

2.3.3.6 Inadvertent Startup of a Reactor Coolant Loop

This transient is the startup of a reactor coolant loop from the N-l
1nop initial condition (70% power). The consequent surge of cold water
leads to a power excursion in the reactor.

2.3.3.7 Loss of External Zlectrical Load

This transient is simulated by stepping the steam flow out of the steam
generators from its initial nominal value to zero as would be the case
with rapidly closing turbine throttle valves. The steam dump system is
assumed to be inoperative, thus, the primary and secondary system pres-
sure rise rapidly. The principal protective action is the high pres-
surizer pressure trip.

2.3.3.8 Loss of Normal Feedwater

This transient is simulatea by stepping the feedwater flow tc all four
steam generators to zero. Tne immediate effect is a falling steam gen-
erator water level and an increase in the reactor coolant temperature
due to the loss of heat sink.
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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 failed 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 1
reactor power level due to the negative moderator coefficient of
reactivity.

2.3.3.10 Excessive 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 LOFTRAN is not specifically designed to handle tnis type of
transient, it can be approximated by reducing the actuation setpoint for
the pressurizer relief valves sc that they effectively stick open. The
principal protective actions are the low pressurizer pressur: reactor
trip and safety injection, and the low DNB ratic reactor trip.

2.3.3.12 Accidental Depressurization of the Secondary System

Although it was in the original plans to perform this transient, 1t was
realizad 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 juaged to De
redundant and was deleted from the test plan.

2.3.3.13 Complete Loss Jf Forced Reactor Coolant Flow

This transient is generated in an identical manner to Test Case #3
except that all four of the reactor coolant pumps are tripped and
allowed to coast down. For the injection of this transient into the
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prototype, the flow signals from the independent coolant loops will all
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 #11) and tne steam break (Case #15) span
the gamut of €luid 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 hoie in the steam
piping wnhich discharges to the containment atmosphere. The initial
condition of the plant is low power leve! (1.0% nominal) tc 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 i1od out of the core. For this sirula-
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 high neutron flux and hijn rate ~¢ :hange of flux.

2.3.4 ACCEPTANCE CRITERIA

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
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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 esvery 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
tne 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 actiations relative to the start
of the transient, The observed elapsed times will be compared to
expected values which are derived from the simul.ted transient data.
These expected values are expressed as minimum and maximum evaluation
times, wnose derivation is discussed below.
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The resulting acceptance criteria are listed for the recorded signals
for each test case in Table 2.3.1 along with the observed values of the
event times.

As was noted in the Test Objective section, the measured responses of
the integrated system during the transient tests ire not directly com-
parable to the desizn basis transients analyzed in Chapter 15 of
RESAR-414, However, the purpose of system validation testing is to
demonstrate that tne system design meets its functional regquirements.
Therefore, the final acceptance criteria for the integrated system tran-
sient tests are based on the design bases documents for the Integrated
Protection System. The fundamental requirement of the system is that it
initiate certain actions when its inputs exceed prescribed limits. This
requirement forms tne basis for the transient test acceptance criteria.
The ACCEPT code, which calculated the preliminary evaluation range, was
run again after the transient test results were known and the bistables
input values were printed at the actual t.ip times noted during the
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 derived 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). Then the soecified cnannel accuracy is added to (subtracted
from) each of the Allowable Setpoints yielding the "Safety Limit."
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These channel accuracies, which 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 1s
conservative in that it does not take credit for the response time
allowed for 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-
system and verified during the verification of that subsystem. The
acceptance criteria genarated in tnis way are listed 1in Table 2.3-1 for
gach transient and bistable.

2.3.5 TEST RESULTS ANALYSIS

-—
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TABLE 2.3-2

KEY TO ACTING SIGNAL CODES

Mnemonic Signal Units
CONT? Containment Pressure psig
IRNIS Intermediate Range Neution Flux amps detector current
PPLL Pressurizer Pressure, Lead/lLag psig
Compensated
PRZRL Pressurizer Water Level % of span
PRZR? Pressurizer Pressure psig
OKWF™ Maximum Kilowatts per Foot kw/ft
ON16 N-16 Reactor Power Fraction of nominal
RCFLZA 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
RX T=ip Reactor Trip ‘ -
SGLVL Steam Generator Water Level % of span
SRNIS Source Range Neutron Flux Counts per second
TCLD Cold Leg Temperature O
TCLC Cold Leg Temp., Lead/Lag Compen- O
sated
TOTNIS Total Neutron Flux, Power Range Fraction of nominal
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TABLE 2.3-2

KEY TO ACTING SIGNAL CODES

Mnemonic Signal Units
CONTP Containment Pressure psig
IRNIS Intermediate Range Neutron Flux amps detector current
PPLL Pressurizer Pressure, Lead/Lag psig
Compensated
PRZRL Pressurizer Water Level % of span
PRIRP Pressurizer Pressure psig
KWFT 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
RX Trip Reactor Trip e -
SGLVL Steam Generator Water Level % of span
SRNIS Source Range Neutron Flux Counts per second
TCLD Cold Leg Temperature  ;
TCLC Cold Leg Temp., Lead/Lag Compen- Op
sated
TOTNIS Total Neutron Flux, Power Range Fraction of nominal

5356A
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3.0 SYSTEM DESIGN SPECIFICATION SUMMARY

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
manufacture and testing for both the hardware and sof tware aspects of
the system,

The SOS 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 Referernce
Document,” SD-1PLS-593, Revision 2) for the IPS Prototype, consists of
the following documents and drawings:

3.1 EQUIPMENT SPECIFICATION (E-SPEC):

Westinghouse E-Spec 953230:

This E-Spec together with its listed references in Section 3.0 estab-
lishes technical and administrative requirements covering system related
hardware phases of design, manufacture and testing of the IPS. The
E-Spec contains specific requirements for:

3-1
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.3 COMPOSITE BLOCK DIAGRAMS

3.3.1 INTEGRATED PROTECTION CABINETS (IPC)

Westinghouse Drawing 8761096:

These drawings represent the implementation of the system functional
requirements, functional diagrams, flow diagrams, channel lists and
other key documents for the IPC in both hardware and software. The
srotection functions contained in the Integrated Protection Cabinets and

defined by these drawings are:
- 1a9c9e

3-3



.3.2 INTEGRATED LOGIC CABINETS (ILC)

CJ
A

westinghouse Drawing 8761098:

These drawings represent the hardware and software implementation of the
functional requirements, functicnal diagrams and key document for the

ILC. The Train A Engineered Safequard Features contained in the

Intearated Logic Cabinets and defined by these drawings are:

.~

r

3:34

(O]

ILC INTERPOSING LOGIC AND POWER INTERFACE
Wwestinghouse 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 positiorn indication

are defined.

3.4 IPS MODULE LIST AND SPECIFICATION SHEETS

westinghouse SD-IPL3-462

The Module Equipment List is a reference document. It provides listings
of all IPS hardware and software modules by process function and phys-

location. A1l entries have unique tag numbers that match the

3-4




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

List:

Process Protection Function
Modvle Description

Module Spec Sheet No.
Module Location

Purchase Order No.

Supplier

Drawing References

The Module Specification Sheets define the IPS nardware and software
modules. Specifications for the various type modules typically contain
the following:

3.5

Module range

Engineering Units

Module Accuracy
Temperature/resistance conversion tables
Transfer functions
Tiring

Alarm setpoints
Algorithms

Definitions of variables
Applicable Standards
Documentation references

[PS SOF TWARE STANDARD:

Westinghouse SD-IPLS-590:

This Standard cefines the Westinghouse NTD requirements for the IPS
Software. The areas defined by this Standard area:

(#8 ]
)
wn

5356A
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Standard

wl

cope
Administration Regquirements
Design and Implementation
Verification

Documentation

r

Installation and Maintenance

(e

.6 IPS AUTOMATIC TESTING REQUIREMENTS

wn
on
)

-~
5 N -
<V .

~#estinghouse SD-IP

[PS. The Protection Systm testing is divided into four

tions; automatic periodic test, continuous error checks,

. -
and special tests.

D

Manual Testing
Time Response Testin
Special Tests

3.7 IPS SYSTEM TEST GUIDELINES

-
- [ g

westinghouse SD-IPL3-582:
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his document provides the design basis for the auto

he contents of this document are:

1is document describes the integrated system verification test guide-
£

System Test Procedure.

matic testing of the
classifica-

tests
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3.8

~no

(P8
.

Purpose & Objective

References

Prerequisites

Test Methods & Practices

Test Procedures

Acceptance Criteria

Functional Test Guidelines

Setup Data for Verification Tests

REFERENCES

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

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

WCAP-8897; “Bypass Logic for the Westinghouse Integrated Protection
System" -- Addendum 1.

Sketch -- Trip Logic System for 414 IPS SKJS-092977-1.

WCAP-8587; “Methodology for Qualifying Westinghouse WRD Supplied

NSSS Safety Related Electrical Equipment.”

3-7
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4.0 HARDWAP™ VERIFICATION SUMMARY

The purpose of the hardware verification program is to ensure that the
equipment meets the performance requirements specified in the Equipment
Ferformance Specifications (EPS). The Actua! Equipment Supplier‘'s ({AES)
hardware development group composes the EPS given design inputs from tne
AEI's System Engineering group and Westinghouse NTD. The Westinghouse
NTD inputs are provided in, and taken from, the System Design Specifica-
tion (50S) and participation by Westinghouse NTD ii. the AES product
definition meetings.

A standard format has been established for all EPS's and the performance
roaquirements 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 tne 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 summary of the test

results and error incident reports and an EPS summary and a PVTP summary
are contained in this section of the report.

2612A



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.

4.2 HARDWARE TEST RCSULTS/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.

F‘ ) 8;C.8

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
!
A

4-2
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EQUIPMENT:
EPS NO:
PROBLEM:

ACTION TAKEN:

EQUIPMENT:
EPS NO:
PROBLLM:
ACTION TAKEN:
EQUIPMENT:

EPS NO:
PROBLEM:

ACTION TAKEN:

EQUIPMENT:
EPS NO:
PROBLEM:
ACTION TAKEN:
EQUIPMENT:
EPS NO:

PROBLEM:

CTION TAKEN:

2612A
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General Approach
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|
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4.4 QAO -~ ANALOG OUTPUT CARD

. 4.4.1 QAQ EPS DS1165 SUMMARY DESCRIPTION

4.4.1.1 Equipment Purpose:

it il

r-

"I’ 4.20

2612A
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4.4,.1.4 System Configuration

-

L

4.4,2 QAO PVTP 6821A62 SUMMARY DESCRIPTION

4.4,2.1 Purpose of Test:

The purpose of these tests is to veriiy that the QAQ card performs as
specified by the equipment performance specification DS1165 Revision

4,4,2.2 Etquipment Tested:

4.4,.2.1.1 Identification

‘ 1. Westinghouse ISD series “Q" ANALOG CUTPUT CARD; 2840A21

2. Serial number assignment:

ASSEMBLY STYLE REV NAME

2840421 GOl F 3 QAO8
2840A21 602 I 4 QAC8
2840421 GO3 J 4 QAQ13
2840421 GO4 J 4 QAQ13
2840421 GO7 F 3 QACl4

4,4.2.1.2 Description and Specification

Performance and environmental specifications are taken from Sections 7

and .2 of DS1165 for the analog output card.

4.22

¢612A

SN

825896
826659
826662
826666
318183

a,c,e
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L, 4

‘ 4.5 QAl — ANALOG INPUT POINT CARD

4.5.1 QAl EPS DS1122 SUMMARY DESCRIPTION

4.5.1.1 Equipment Purpose

f' a,c,e
!
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|
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L
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4.5.1.4 System Configuration
4,5...5 Operational Summary
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General

.3 Test Details

Approach
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4.6.2 QBI PVTP 6821A63 SUMMARY DESCRIPTION

.1.3 Salient Features

4.6.2.1. Purpose of Test

The purpo.e these of tests is to verify that the QBI card performs as
specified by the equipment performance specification DS1175 Revision 2

4,6.2.2 Equipment Tested

S

™~

5123A

.h.2.2.1 Identification

Westinghouse ISD series "Q" Digital input card -- 2840A80

Serial number assignment:

ASSEMBL Y STYLE REV NAME
2840A80 601 A 1 QBIl
2840A80 604 A 1 QBI10
2840480 607 A 1 QBI13
2840A80 608 A 1 QBI14
4-29

SN

811065
807191
812581
804838

a,c,e






4.7 (QBQ -- DIGITAL OUTPUT CARD

4.7.1 QBO EPS DS1174 SUMMARY DESCRIPTION

4,7.1.1 Equipment Purpose

L -
’ 4.7.1.2 Equipment Description
™ =

o
—
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4.7.2.2.2 Description and Specification

Perfarmance and environmental specifications are taken from Sections 7
and 12 of DS1174 for the digital output card.

r—

4,

r g5

she

Test Details

General Approach
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4.8.1.2 Salient Features

)

~ e

)
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)
)
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4.8.2 QCI PVTP 6821A69 SUMMARY DESCRIPTION

—

——

4.8.2.1 Purpose of Test

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

4,8.2.2 Equipment Tested

4.8.2.2.1 Identification

An

Performance and environmental specifications are taken from Sections 7
and 12 of DS1189 for the contact input card.

westinghouse 1SD series "Q" Contact input card --- 7379A06

Serial number assignment:

ASSEMBLY STYLE
7379A06 601
7379A06 GO1
7379A06 602

5123A

T €9 ©9

.8.2.2.2 Description and Specification

4-35

NAME

2QCIS
2QCIS
2QCI6

SN

818482
818503
824459

-

a,c,e






4.9 001 -- DIGITAL INPUT CARD

4,9.1 QDI ZPS DS1141 SUMMARY DESCRIPTION

4.9.1.1 Equipment Purpose

E -1 a,c,e

4.9.1.2 Equipment Description
k= 1 a,c.e
4,9.1.3 Salient Features
: B 1808
2) |
3) |
4)

4-37
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4,10.2 QMC PVTP £822A39 SUMMARY DESCRIPTION

4.10.2.1 Purpo.e of Test

The purpose of these tests is to verify that the QMC card performs as
specified by the equipment performance specifications DS1129 Revision 2.

4.10.2.2 Equipment Tested

. 4,10.2.2.1 ldentification
A. Westinghouse ISD series "Q" MICROCOMPUTER CARD -- 2840A10

B. Serial number assignment:

ASSEMBLY STYLE REV NAME SN

2840A10 602 K 20MC10 917809

2840410 G02 K 2OMC10 915186

2840A10 602 K 2QMC10 830445
4.10.2.2.2 Description and Specification

-

Performance and environmental specificaticns are taken from Sections |
and 12 of JS1129 for the microcomputer card.

4-4]
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4.11 OMD -~ DATA LINK CONTROLLEK CARD

4
-

MD EPS DS1177 SUMMARY DESCRIPT

ON

tquipment Purpose

-

4.11.1.2 Egquipment Description
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4.11.2.2.2 Description and Specification

Performance and environmental specifications are taken from Sections 7

and 12 of DS1173 for the data link controllier card.

4.11.2.2.3 Test Details

General Approach

4-45
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4,12 QME -- MEMORY EXTENDER CARD

4.12.1 QME EPS DS1166 SUMMARY DESCRIPTION

4,12.1.1 Equipment Purpose

-1 3,C,e

4.12.1.2 Equipment Description

- a,c,e

Y 4-47






4.12.2.2.2 Description and Specification

Performance and environmenta) specifications are taken from Sections 7
and 12 of DS1166 for the memory extender card.

4.12.2.2.3 Test Details

General Approach
1,C,e

—

4.49

5123A






4.13 OMS -- WO PORT SHARED MEMORY CARD

4.13.1 Q

4.13.1.1

-~

-~

4.13.1.2

51234

MS EPS DS1179 SUMMARY DESCRIPTION

Equipment Purpose

Equipment Description

A

a,c,e

c,e






4.13.2.2.2 Description and Specification

Perfoi nance and environmenta) specifications are taken from Sections 7
and 12 of DS1179 for the two port shared memory card.

4.13.2.2.3 Test Details
a,c,e
q

General Approach

4-.53
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4.14.2.2.2 Description and Specification

7

Performance and environmental specifications are taken from Sections
and 12 of DS 1218 for the Q-line crate paddle cards.

4.14.2.2.3 Test Details

General Approach

£
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4.15.2 QTB PVTP 6821A61 SUMMARY DESCRIPTION

4,15.2.1 Purpose of Test

The purpose of these tests is to verify that the QTB card performs as
specified by the equipment performance specification LS1148 Revision 2.

. 4.15.2.2 Equipment Tested

4.15.2.2.1 Identification

A. Westinghouse ISD series "Q" - ANALOG TIME BASE GENERATOR CARD;
2840A19

B. Serial number assignment:

‘ ASSEMBLY STYLE

REV NAME SN
2840A20 GOl E 20781 817366
‘ 2849A20 G02 E 2QT82 805624
2849A20 GO F 2QTB5 824036
4-59
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B. Serial number assignment:

ASSEMBL Y STYLE REV NAME
2838A88 606 9 NAT

4,15.2.2.2 Description and Specification

performance and environmenta) specifications are taken from Sections 7
and 12 of DS1073 for the innunciator interface card.

4,16.2.2.3 Test Details

General Approach
p - 8,648

4-63
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4.17.1 NAC EPS DS1102 SUMMARY DESCRIPTION
4,17.1.1 Equipment Purpose
4,17.1.2 Equipment Description

5123A

NAC -- ANALOG COMFARATOR CARD

- a,c,e
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4,.18.2.2 Equipment Tested

4,18.2.2.1 Identification
A. Westinghouse [SD series "N" Input card
B. STYLE 2837A86G01 Revision 5

Assembly Drawing 2837A86

Name INCI2

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.

4,18.2.2.3 Test Details

General Approach

~ -

a,c,e
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4.19 NCP -- REACTOR COOLANT PUMP SPEED CARD

4.19.1

4.19.1.1

e

4.19.1.2

[

W

o

NCP EPS D

Equipment Purpose

Equipment Description

88 SUMMARY DESCRIPTION

ﬂ

a,c,e
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.20.2 NDC PVTP 6821A79 SUMMARY DESCRIPTION

$.20.2.1 Purpose of Test

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

.2.2 Equipment Test2d

2.1 ldentification

Westingnhouse [SD sertes "N" Contact Input Cara -- 7379A04

Serial numper assignment:

7379A04 ¢l ) INDCL 317086
7379A04 GOl ) INDC1 817084
7379A04 601 D INDC1 317805

4.20.2.2.2 Description ana Specification

Performance and environmental specifications are taken from Sections 7
and 12 of DS1196 for tne contact input card.

3.20.2.2.3 Test Details

seéneral 4pproacn

B -1 a,c,e
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4.21.1.2 Equipment Description

- 3,C,e
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4.22 NMA — ANALOG MIXING AMPLIFIER CARD

e
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1104 SUMMARY DESCRIPTION
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4.22.2.2.1 Identification

sEC Ll

A. Hagan Series 7300 Mixing Amplifiers

Card (NMA) cecmmmmmere e e Style 2838A34
8. Serial Numper Assignments - -—eweee- S/N 1524, 1525, 1326, 1527

4.22.2.2.2 Description and Specification

Performance and environmental specifications are taken from Sections 7

and 12 of D31104 for the analog mixing amplifier card.

3.22.2.2.3 Test Details

seneral Approach
T G.C.e
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4.24 NQO QUAD OUTPUT CARD

1.24.1 NQO EPS DS1187 SUMMARY OESCRIPTION

4.24.1.1 Equipment Purpose

L =

4.24.1.2 Equipment Description

a.c.e

=

fuse is provided for each circuit.

4.24.2 NQO PVTP 6321A73 SUMMARY JESCRIPTION

4.24.2.1 Purpose of Test

Tne purpose of these tests is to verify tnat the NQO card performs as

specified by the eq. ment serformance specification DSi137 Revision <.

~728a
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4.25 NQP QUAD LOOPS POWER SUPPLY

4.25.1 NQP EPS DS1005 SUMMARY DESCRIPTION

4.25.1.1 Equipment Purpose

- - 3.C.8

- .
4,25.1.2 Equipment Description

-~ ﬂ aVCQe

® ..

5728A






4,24,.2.2 Equipment Tested

s
no
wn
~o

2.1 ldentification

Quad Loop Power Supply (NQP) Card
8. 7300 Series, Style 2822A97G01
Assembly Drawing 2822A97

Serial Numbers DENO5-08, 09,10

xr»

-

Performance and environmental specifications are taxen from Sections

.

and 12 of DS1005 for tne Quad .ocopr "~ .ev Supply Card.

4.25.2.2.3 Test Details

General Approach

[ - a,c,e
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4.26.1.3 Salient Features
3 - &’Cte

E )

4.26.2 NQT PVTP 6821A78 SUMMARY DESCRIPTION

4.26.2.1 Purpose of Test

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 Ildentification

A. Westinghouse ISD series “N" Quad 3 Amp 120 VAC output card --
7379A03.

B. Serial number assignment:

ASSEMBLY  STYLE  REV NAME SN

7379A03 601 D 2NQT2 828216

7379A03 501 D 2NQT2 828224

7379A03 GOl 0 2NQT2 828226
4-91
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| 4,27
4,27.1
4 27 )
L/ e d
4,27.1
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57784

ANCE TEMPERATURE DETECTJ

NRA EPS DS1017 SUMMARY DESCRIPTIONS

.1 Equipment Purpose

.1.2 Equipment Des<ription







4.27.2.2.2 Description and Specification

Performance and environmental specifications are taken from Sections

and 12 of DS 1017 for the RTD Amplifier card. for tne memory extender
card.

4.27.2.2.3 Tast Details

General Approach

5728A







TRIP B8YPASS CARD

4,28 NTB BREAKER
4.28.1 NTB EPS DS1207 SUMMARY DESCRIPTION
4.28.1.1 Equipment Purpose

e
4.28.1.2 Eguipment Descripticn
The NT8 is a special purpose card which is part
[PS.

-
e
4-97

R7784A

—

a,c,e

the Westinghouse 414

a.C.e
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4.29 NTL — BREAKER TRIP LOGIC CARD

4.29.1 NTL EPS DS1202 SUMMARY DESCRIPTION

4.29.1.1 Equipment Purpose

—] a,C.e
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4.29.2.2.2 Description and Specification

erformance and environmental specifications are

and 12 of 0S1202 for the brecker trip 10g1C card.

B R . yT ) Details
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4.31 UNIVERSAL INPUT/OUTPUT BUS (U10B)

A W

l 4.31.1 UIOB EPS DS1142 SUMMARY DECRIPTION

4.31.1.1 Equipment Purpose

4.31.1.2 Equipment Description

4-103
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4.33.2 SRM PVTP T-925870 TEST SUMMARY DESCRIPTION

4,33.2.1 Purpose of Test

The purpose of theca tests is to verify that the Source Range Module
performs to the functional requirements of System Specification
SKRMP80177 Revision 1.

4.33.2.1 Equipment Tested

The IPS Nuclear Instrumentation System Source Range Module - DWG.
106119 GO1 Serial No. 0001

Reference Documents:

Source Range Preamp Assy 6079074
Source Range Preamp Card Assy 1061E21
NIS Module Assy 106iE19414
Module Power Card Assy 1061E06
Log Pulse Integrator Card Assy 1061E11
Post Amp/Disc. Card Assy 1061E20
Wiring List 2383A22

4.33.2.3 Test Details
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4.34 INTERMEDIATE RANGE MCOULE (IRM)
4,34.1 IRM SKRMP 80177 EQUIPMENT SUMMARY DESCRIPTION
4.34,1.1 Equipment Purpose

4.34,1.2 Equipment Description
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4.35.2 PRM PVTP 2383A67 TEST SUMMARY uLeSCRIPTION

4.35.2.1 Purpose of Test

The purpose of these tests is to verify that the Power Range Module
performs the functional .equirements of SKRMPSQOL177, Revision 1.

4.35.2.2 Equipment Tested

The IPS Nuclear Instrumentation System Power Range Module - OWG. 1061EL3
GO3 Serial No. OOI.

Reference Documents:

Power Range Module Assembly 1061E19
Power Range Module Wire Data List  2383A25
Power Range Amplifier Assembly 1061E26
Module Power Supply Assembly 1061E06
Snorting Piug 3377C40601

4.35.2.3 Test Details

General Approach:

5728A
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4,36.1.2 Equipment Description

eatures

The purpose of these tests

Module performs the functional requirements of SKRMP80177, Revision 1.
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4,38 HIGH VOLTAGE POWER SUPPLY MODULE
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Mnemon 1¢

0OAC
0OAD
QAl
(81
(B0
QCl
Qo1
QH(2
QMD?
(M8
(ME
(OMS
QPD,QPP
018
NAI

2
2

NAC
NCI
NCP
NDC
KIL
NMA

Equipment Name

Analog Conditioning Card
Analog Output Card

Analog Input Point Card
Digital Input Card
Digital Ouiput Card
Contact Input Card
Digital Inp-t Card
Microcomputer Card

Data Link Controller Card
Micro Bus Buffer Card
Memory Extender Card

2 Port Shared Memory Card
()-Line Crate Paddle Card
[ime Base Card

Annunciater Interface Card

Analog Compurer Card

Input Card

Reactor Coolant Pump Speed Card

Contact Input Card
Integrated iogi~ Card

Analog Mixing Amplitude Card

II!Bl! 4.1

HARDWARE VERIFIED

EPS Number

Not

DS1177
DS1165
051122
DS1175
nsS1174
DS1189
DS1141
DS1139
DS1173
Available
DS1166
DS1179
DS1218
DS1148
DS1073

1

DS1102
DS1071
D51188
DS1196
051128
DsS1104

PVTP Number
6821A68
6821A62
AR2]1AB0
6821A63
68721A64
6921A69
6821A70
6822A39
682241
Not Available
6822A40
6822A42
7601A73
6521A61
Not Available

}

1

VR-76
VR-71
6822A37
6821A79
6822A38
VR-67

Verification Sta* s

a,c,e






Mnemon 1c

N/A
N/A
N/A
N/A

N/A
NOTES

1.

® O @ ® O o

HARDWARE VERIFIED (cont)

Equipment Name EPS Number PVTP Number Verification Status
_ - 8,C,8
N-16 Power Range Module SKRMPBO1 77 1-925871
Source Range Pre-amplifier SKRMP8O177 1-925870
High Voltage Power Supply SKRMP80177 2383A47
Safety Grade Digital RPI £S-953230 1-925873
- —

not applicable

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

[hese cards are tested at room temperaturz only. "1l 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.



5.0 SOFTWARE JVERIFICATION SUMMARY

The purpose of the software verification program was to demonstrate that
the 1PS software peformed the function defined by the Sof tware Perfor-
mance Specification (SPS), to review protection system software with
respect to its testabilty, and to generate documentation sufficient to
accommodate independent second party review,

The Actual Equipment Supplier (AES) writes the SPS given design inputs
from their software development group and Aestingnouse NTD. The
Westinghouse NTD inputs are provided in, 2nd taken from the System
Design Specification (SDS) and participation by Westinghouse NTD in the
AES software development meetings.

A standard format has been established for all SPS's and the performance
requirements for the software processes are contained in two areas. The
first area is the top level process SPS which defines the overall sub-
system performance; the second area is the lower Tevel process SPS which
defines a specific process through sub-system decomposition.

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

To obtain test results, Scftware Test Specifications (STS) have Deen
established by the Supplier (AES) to test the performance requirements
of each Softwarc 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 via
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 tne
error report is consistent because it is a standard form.

This section contains a summary of what software was verified; summary

of the test results and error incident reports; an SPS summary and a ST°
summary.
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ACTION TAKEN:

SPS NO:

PROBLEM:

ACTION TAKE:

REFERENCE :

SOFTWARE

SUB-SYSTEM:

SPS NO:

PROBLEM:

ACTION TAKEN:

REFERENCE :

System Support Modules

SPS0013

————

System Support Modules

SPS0037

ONBR-KW/FT
SPS0228

o——

Partial

Trips Process

5-3

VER NO:

VER NO:

VER NO:

022
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003
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PROBLEM:

ACTION TAKEN:

REFERENCE
SOF TWARE Engineering Safety Features
SUB-SYSTEM: Partial Trips Process VER NO: 012

SPS NO: SPS0335
PROBLEM:

ACTION TAKEN:

-
SOFTWARE Engineering Safety Features
SUB-SYSTEM: Partial Trips Process VER NO: 023

SPS NO: SPS0300

o
o
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<
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ACTION TAKEN:

REFERENCE:

SOFTWARE IPC & ILC Communications

SUB-SYSTEM: Bus Control Process VER NO: 014

SPS NO: F_SP506;3 - it.t
PROBLEM:

ACTIO ' TAKEN:

REFERENCE: | 1

SOF TWARE IPC & ILC Communications

SUB-SYSTEM: Bus Control Process VER NO: 015

SPS NO: r___SF’50613 a,c,e

PROBL EM:

ACTION TAKEN:
REFERENCE:

—
L

SOF TWARE IPS & ILC Communications
SUB-SYSTEM: Bus Control Process VER NO: 016
SPS NO: SPS0612 a,c,e

PROBL EM: f-
|
|

ACTION TAKEN:
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SOFTWARE
SUB-SYSTEM:
SPS NO:

PROBLEM:

ACTION TAKEN:

v o

Q 1) »
:DS .
PROBLEM:

™m
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AATTA - A
ACTION ol

IPC & ILC Communications

Bus Control Process

SPS0615

r—

IPC Automatic Tester Process

SPS0722
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wn

VER NO:

VER NO:

VER NO:

0
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025

035
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ACTION TAKEN:
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m

SOF TWARE
SUB-SYSTEM:
SPS NO:
PROBLEM:

ACTION TAKEN:

m
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m™m

SOFTUARE
SUB-SYSTEM:
SPS NO:
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>
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TION TAKEN:

ILC Automatic Tester Process
SPSQO735

-
!

-~

ILC Automatic Tester Process
SPS0755

[PC Automatic Tester Process
SPSQ755

xr

L

wun
|

—

[

VER NO:

VER NO:

VER NO:
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932

134
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ACTION TAKEN: -1

REFERENCE:

SOFTWARE

SUB-SYSTEM: Control System Signal Selection VER NO: 006

SPS NO: _ SPS1115 a,c,e
PROBLEM:

ACTION TAKEN:

REFERENCE : L

e
SOF TWARE
SUB-SYSTEM: Control System Signal Selection VER NO: 010
SPS NO: SPS1165 a,c,e
r~ -
PROBLEM:
ACTION TAKEN:
REFERENCE:

¥y

§.3 SYSTEM SUPPORT MODULES

The System Support Modules are used throughout the major sub-system
orocesses. In most instances, the pu~pose or description of each module
is 4n its title. Because there are numerous System Support Modules, not
111 modules will be described in this summary. The modules that have
been selected are the ones that perform in a functional manner. The
selectad modules are summarized in Section 5.3.1. A complete listing of
21) Software “erformance Specifications for the System Support Modules
is as follows:
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5.3.1 SPSO001 - 0063 SUMMARY DESCRIPTION

The following modules have been selected from the system support modules

to be discussed:

5.3.1.1 SPS0023 - Process Raw Analog Input Data (PRWAID)

A. ABSTRACT

This procedure processes raw analog input data.

46964






5.3.1.3 SPS0026 - High Setpoint Comparators Output
Caluclation (COMPHI)

A. ABSTRACT

This arocedure determines the output of a comparator-like high setpoint
for a given input, considering the deadband.

B. SERVICES PERFORMED

5.3.1.4 SPS0030 - Two Qut of Four Partial Trip/Bypass

A. ABSTRACT

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

B. SERVICES PERFORMED

4696A
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®

This module calculates the integer representation of a raw analog
input. This module also determines the hardware status (Normal,

problem) and the sensor status (Normal, overrange).

TEST ENVIRONMENT
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E. REFERENCE

Date and Revision Level of STS,
March 14, 1979 Rev. 01

Date 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 ins(rumenta-
tion subsystem partial trip outputs. It provides the plunt signals
data and other intermediate calculated results to the communications
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 power from
the source range through the intermeciate range and power range up to
200 percent of full power output. Tnis is accomplished by means of
thermal neutron flux detectors located in instrument weils in the
primary shield adjacent to the reactor vessel. The system provides
indication, control, and alarm signals for reactor operation and,
protection, as follows:
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5.4,2 STSO100 SUMMARY DESCRIPTION
A. NAME

est Specification for NIS Partial Trips Process - NISTPL

ABSTRACT

o
.

This process evaluates the nuclear instrumentation pertial 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 slarm signals to the
Communications Bus Shared Memory for use by the Automatic Tester and

the Plant Computer.

C. TEST ENVIRONMENT

T a,c,e
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WESTINGHOUSE PROPRIETARY CLASS 2

a,c,e

- -
E. REFERENCE

Date and Revision Level

March 16, 1979, Rev. 1

Date and Revision Level of SPS

January 9, 1979, Rev. 1

5.6 ENGINEERED SAFETY FEATURES (ESF) PARTIAL TRIPS

5.6.1 SPS5-0300 SUMMARY DESCRIPTION

5-55
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A, ABSTRACT
The ESF process monitors the plant signals and provides initiation of
protective functions upon approach to abnormal plant conditions in a

e -
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.

his process calls on several external procedures which are developed tc
f

y monitor and generate the status of the above plant signals.

m

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

3
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communications ous shared memory for access by the

automatic tester and the plant computer.

B. SERVICES PERFORMED
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. 5.6.2 STSO300 SUMMARY DESCRIPTIuA

A. NAME
‘ Test Specification for 'ESF' Engineered Safety Features Process.

B. ABSTRACT

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<
based on these and other plant signais.

C. TEST ENVIRONMENT

1. Overall Environment
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