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ARSTRACT

This document presants the approach that will be taken for testing and
certifying the CPC/CEAC System Software for the System B0 plants., Sections
in this document describe the purpose and scope for testing, types of
testing to be performed, and documentation to support the algorithm changes
and test results, The testing will be performed in accordance with the
procedures of CEN-39(A)-P, Revision 2 and Supplement 1-P, Revision 00,
Specific tests which are being performed because of the changes being made
to the algorithms are specifically discussed,
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either a large load 3jectien or loss of one feedwater pump, without
tripping the plant, These modifications consist of changes and
additions to algorithms in the CEAC to detect the actuation of an RPC
event, a3 flag in the CEAC penalty factor word to transmit to the CPCs
the information that an RPC is in progress, and a more accurates down-
power transient calculation in the avent of an RPFC, In addition, the
positive ranga 1imit of the addressable constants for the ONBR and LPD
penalty factor multipliers is being shifted toward zero to cover more
completely the range of applicabiiity. Theses modifications are
described in more datail in Reference 4.3,

The modification process was initiated when details of the
modification were established by the rssponsible C-E engineering
group. The modifications will be incorporated into a revision to the
CPC and CEAC Functional Design Specifications. Plant-specific
constants will be generatasd for esach System 20 plant, and a Data Rase
Document reccrding these constants will be generatad. Since theses
modifications impact the CPC/EEAC FORTRAN code, the CPC/CEAC FORTRAN
code certificaticn document will be revised, Al revisions to the
Functicnal Design Specifications and to the FORTRAN code will be done
in accordance with the requirements of Reference 4.2, AdAditional
requirements for software functional! “e:ign changes are dascribed in
more detail in Reference 4,1,
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I

pxecute the test cases with the CBC/CEAC FORTRAN code., The results
will then be returned to the software implementation group which will
exacute the test casas on the CPCS software and compare the results
with those from the FORTRAN code, The CPCS executive software will be
tested follewing any change made to it by comparing actual and
axpected hand-calculated results for selected test cases., These
comparisons will be analyzaed to ensure correct implementation of all
modifications affecting the CPCS executive and application program
softwars, The scope and results of this tasting will be documented
for each System 80 plant in the Phase | Test Report,

PHASE II TESTING
Fhase 11 testing consists of the following tests:

{1} 1Input Sweep Test,

(2) Oynamic Software Verification Test, and

(3) Live Input Singie Parameter Test.

These tests are perfarmed on a single channel CPC/CEAC system with
integrated software that has undergone successful fhase I testing.

The objeciives of Phase Il testing are described in Reference 4,1,

The Phase [1 testing uses the CPC/CEAC FORTRAN code as a basis for
coemparison and for geperating acceptance criteria. The results o the
Phase 1] testing will be documented for each System 30 plant in the
Phase 11 Test Raport,

Input Sweap Test

The Input Sweep Test is g reai-time exarcise of the CRPLCS application
program software and exacutive software with staady-state CPC input
values read from a storage device. The objectives of the [nput Sweep
Test are Jdescribed in Reference 4.1 and are summarized below:

{1) To detarmine the procsssing uncertainties resulting from
diffarencas in machine precision between the CPC,/TEAC system
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2.4,2

hardware and the CDC 7600 (on which the FORTRAN code is
executad)., The processing uncertainties will be factored into
acceptance criteria for the other two Phase 1! tests and into CPC
Data Base constants affected by thesas uncertainties,

(2) To verify the ability of the CPCS softwaras algorithms to
initialize to a stsady state after an Auto-Restart for each test
case,

(3) To complement Phase ! individual module and program-wide testing
by identifying any abnormalities which were not uncovered
previously.

The Inout Sweep Test will be performad in two segments, The CPC
software and the CEAC software segments will be independently tested.
Each segment will have its cwn test cases and acceptance criteria for
processing uncertainties. Each segment will be first executad on the
CPCS software by the software-implementation group. The test cases
will be allowed to initialize by convergence of critical calculated
parameters, after which calculated parameter valuas will be
transferred to the funstional design group. The functional design
group will execute the same test cases on the CPC/CEAC FNRTRAN code
and will then perform a comparison between the two sets of calculated
parameter values., Part 9f this comparison will be a statistica)l
evaluation wnich will generate the processing uncertainties. The
results of this compariscn will be esvaluated to ensure the tast
objectives hava been met,

Nynamic Software Verification Test (DSVT)

The Nynami¢ Software Verification Test is a real<time exercise of the
CPC application software and executive softwars with transient CPC
input values read from a storage device, The objectives of the DSVT
are described in Refarence 4.1 and are summarized below:
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{1) To verify that the dynamic response of the integrated CPC
software is consistent with that predicted by design znalyses,
and |

(2) To supplement other Phase ! and Phase Il tests in assuring
correct implementation of the software modifications.

The DSVT cases will be exscyted on the CPC/CEAC FORTRAN code to

generate the acceptance criteri.. The DSVT cases will then be f
gxecuted on the CPCS software, Input values for each test case will

be read from a storage davice. After initialization for each tast

case, DSVYT will use time-variant test case input values to more

thoroughly exercise "dynamic" portions of the CPLS software. The

results of this tast will be compared with the acceptance criteria and
evaluated to ensura the test objectives have been met,

2.4.3 Live Input Single Parameter (LISP) Test L

The LISP test is a real-time exercise of the CPCS application and
executive software, with transient CPCS input values generated from an
extarnal signal generater and read through the CPCS input hardware,
The objectives for the LISP test are described in Reference 4,1 and
are summarized below:

(1) To verify %“he dynamic response of the integrated CPCS software
and hardware,

{2) To suppiement other Phass I and Phase II tests in assuring
correct imglementation of the so'tware modifications,

(3} To evaluate the inteqrated hardware/softwars system during
operational modes.

The LISP test casaes will first be axacuted on the CPC/CEAC FORTRAN t
code to generate the acceptance criteria, The LISP tast casss will
then be executed using the CPCS software, DNynamic test case inputs

will be generated by an external signal generator to produce “live”
Revision 00 Page 10 of 19
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2.5

2.6

analog and digital signals that are input to the CPCS input processing
hardware, E£ach LISP test case will vary only one input parameter,
holding the other inputs &t constant values. The LISP test also
exerci-es all dynamic portions of the CPCS software algerithms., The
results of this test will be compared with the acceptancs criteria and
evaluated to ensure the test objectives have been met,

As part of the LISP test, major aspects of the operator's module
operation will be tested, The CPC and CEAC Point ID tables will be
checked to ensure that the Point IDs displayad on the operator's
module are the same as those listed in the Point [D tables., The lower
and upper =ange limits for all addressable constants will be tested
and verified as having been correctly implemented, Finally, all
aspects of automatad reentry of addressable constants will be testad
and verifiad to be correctly implemented.

PHASE 1 TEST CASE SELECTION AND ACCEPTANCE CRITERIA

For Phase [ testing, test cases will be generated for a1 modules.
These test cases will include cases to axercise all modifications,
including those related to RPL, The salection of test cases will
ensure that each functional branch and sach instruction in all modules
will be exercised, Program wide test cases will then be run %o assure
correct transfer of information between modules of the same program
and compatibility of the R°C modifications.

The acceptance criteria will be[ ]aﬂowahle difference
between the expected results and the actual results, However, all
differences graater than shal? be investigated, and their
causes verified as not being due to software errors or corrected,

PHASE IT TEST CASE SELECTION

THE CPC Input Sweep Test casas are selected to cover the region of CPC
operation. AaprOximate]yl_ 'test cases will be generated., Tast

-
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case parameters will be varied over the range of CPC inputs with the
following additicnal variations applied over certain test casa ranges:

——

The CEAC Input Sween Test cases are salacted to cover various CEA
configurations. Approximate?yl- -Ttest cases will be generated. The
majority of these test cases will éacompass the CEA configurations
expected during normal operation, The test cases in this first group

N

|
-

] Test cases in the secord group will cover the
following conditions:

—

e
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TABLE 2,6-1

Dynamic Scftwars Verificaticn Tast Cases
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SINGLE VARIABLE
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GENERATION OF PHASE 11 ACCEPTANCE CRITERIA
The acceptance criteria for the CPC Input Sweep test are that:

(1) The processing uncertainties fall within the guidelines described
in Reference 4.1,

(2) Initialization capability is demonstrated, and
(3) No software errors are detacted,

This test will be performed on the CPC software and the COC 7600, The
CDC 7600 will then compare the results from both executions, case by
case, evaluate the magnitude of the difference between calculated
DNBRs and LPDs, and generate processing uncertainties.

The acceptance criteria for the CEAC Input Sweep tast are similar to
those for the CPC Input Sweep Taest, The tast will be performed on the
CEAC software and the CDC 7600, Comparison and evaluation of results
will be performed in a manner similar to that for the CPC Input Sweep
Test.

—

The NSYT acceptance criteria are based on

1. The acceptance criteria°?or|“ '}wil1 be
“determined by applying the processing uncartainties determined during
CPC Input Sweep Testing to’ :lcalcu1ated

with the CPN/CEAC FNRTRAN code, To determine acceptance criteria for

-

o

n
dynamic cases will then be run on the CPC/CZAC FORTRAN code to produce

: Jacceptance criteria.

| S

-

i
-

The acceptance criterfa for the LISP tast will consist of

-

PR,
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will be factored into the acceptance
criteria, Each case will ba executed several times on the CPC/CEAC
FORTRAN code to generate the acceptance criteria,
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3.0

GENERATION OF MASTER DISK AND SOFTWARE DESIGN DOCUMENTATION

The generation of a reference disk for Phase I and Phasa 11 testing
was described in Section 2.2. Once the testing is satisfactorily
completed, the two reference disks described in Section 2,2 will

become the new raference disks for the software system. Additionally,
several steps will be taken in generating various software disks which

will produce individual channel System Load Disks and System Test
Disks. Four System Lnad Disks and four System Test Nisks will be
transmitted to each plant.

During the software development and testing, documentation will be
generated to document the changes, verify quality assurance of the
CPCS software, and document the results of the testing. These
documents will include:

(1) CPC/CEAC Data Bass Document

(2) Phase I and Phase Il Test Reports

(2) CPC/CEAC Software Modifications Document (Reference 4,3)
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ARSTRACT

This document presents the approach that will be taken for testing and
cartifying the CPC/CEAC System Software for the System 80 plants. Sections
in this document describe the purpose and scope for testirg, types of
testing to be performed, and documentation to support ths algorithm changes
and test results., The testing will be performed in accordance with the
procedures of CEN-29(A)-P, Revision 2 and Supplement 1-P, Revision 00.
Specific tests which are being performed becaus2 of the changes being made
to the algorithms are specifically discussed.
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1.0

1.1

1.2

1.3

SPECIFICATION FOR TESTING PROTECTION ALGORITHM
PURPOSE

The purpose of this document is to cutline the approach that will be
taken for testing and certifying the CPC/CEAC System (CPCS) software
for the System 80 plants. The testing outlined here is described in
more detail in Refersnce 4.1, The implementation of the algorithm
changes, the required testing, and the documentation will be performed
and/or generated in accordance with tha procsedures of Referencas 4.1,

SCOPE

The scope of the testing will include generation of a plant-specific
data base and document, generation of appropriate test cases and
acceptance criteria, and test reports. Testing of the CPCS software
for each System 80 plant will be considerad complete with the formal
issuance of the following plant-shecific documents:

1. CPC/CEAC Data Base Document

2. The Phase [ Test Report

3. The Phase [I Test Report

A1l documents will be generated and reviewed in accordance witk the
procedures given in Referance 4,2, In addition, all tests will be
parformed according to the procedures described in Refarence 4.1, and
the results documentad in accordance with the proceduras given in
Reference 4,2, Together thess steps will reflect the complets QA'd
status of the CPCS software specification and implamentation for
System RO,

MODIFICATION REQUIREMENTS

The modifications being made to the System 80 (°CS software are to
upgrade the CPCS capabilities to be compatidle with the Reactor Power
Cutback System (RPCS). The RPCS is designed to rapidly raducs the
reactor power by dropping pre-selected CEA groups in response to
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@ither a large load rejection or loss of cne feadwater pump, without
tripping the plant, These modifications ccasist of changas and
additions to algorithms in the CEAC to detect the actuation of an RPC
event, a flag in the CEAC penaity factor word to transmit te the CPCs
the information that an RPC is in progress, and a more accurate down-
power transient ca'cuiation in the event of an RPC. In addition, the
positive range limit of the addressable constants for the DNBR and LPD
penalty factor multipliers is being shifted toward zero to cover more
completely the range of applicability., These modifications are
described in more detail in Referance 4.3,

The modification process was initiated when details of the
modification were established by the responsible C-E engineering
group., The modifications will be incorporatad into a revision to the
CPC and CEAC Functional Oesign Specifications., Plant-specific
constants will be generated for each System 20 plant, and a Data Base
Document recording these constants will be generated, Since these
modifications impact the CPC/EEAC FORTRAN code, the CPC/CEAC FORTRAN
code certification document will be revised., All revisions to the
Functional Nesign Specifications and to the FORTRAN code will be done
in accordance with the requirements of Reference 4.2, Additional
requirements for software functional design changes are described in
more detail in Reference 4.1,
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2.0

2101,

2.2

2.3

[MBLEMENTATION AND TESTING

SCOPE OF IMPLEMENTATION AND TESTING

This section covers the implementation of the algorithm changes and
performance of Phase | and Phase Il testing including test case
selection and generation of acceptance criteria,

TMPLEMENTATION AND DISK GENERATION

A1l algorithm changes will be documented on Software Change Reguests
(SCR) and will be transmitted to the software implementation group.
The procedures for filling out and processing an SCR are covered in
more detail in Reference 4.1. The most recent revisions of CPCS
Software Specifications will be revised to reflect all software
modifications indicated by the SCR's, and the resulting documents will
be reviewed in accordance with Reference 4,2, The algorithm change
will then be implemented, and all (PC/CEAC source files affected by
the change will be updated, The updated CPL/CEAC source files will
then be assembled to create object modulas on the System 80 project
disk. The object modules will then be fully debugged., 0Once debugged,
the project disk will be used to generate *wo refarence disks
(Channels A/B and C/N). Phase ! and Phase Il testing will be
performed on the Channel A/B refarence disk.

PHASE T TESTING

Phase 1 testing will be performed to verify the correct

fmplamentation of modifications to the CPCS software and the
generation of a new set of program constants. Phase [ testing is
performed on relatively small, single-entry/single-exit segments of
code called modules as well as for integrated modules wn*ch constitute
individual programs., Test cases will be generated for each ind every

module and for program-wide testing,

Except for Phase ! testing of the CPCS Sxecutive software, all test
cases will be transmitted to the functional design group which will
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2.4

axecute the test cases with the CPC/CEAC FORTRAN code. The results
will then be returned to the software implementation group which will
exacute the test casas on the CPCS software and compare the results
with those from the FORTRAN code, The CPCS executive software will be
tested following any change made to it by comparing actual and
expected hand-calculated results for selected test cases, These
comparisons will be anzlyzed to ensure correct implementation of all
modifications affacting the CPCS executive and application program
softwara., The scope and results of this testing will be documented
for each System 80 plant in the Phase I Test Repor:.

PHASE IT TESTING
Phase Il testing consists of the following tests:

(1) Input Sweap Test,

(2) Dynamic Software Verification Test, and

(3) Live Input Single Parameter Tast.

These tests are performed on a single channel CPC/CEAC sys.sm with
integrated software that has undergone successful Phase | tesiing.

The objectives of Phase Il testing are described in References 4,1,

The Phase 1l testing uses tha CPC/CEAC FOPTRAN code as a basis for
comparison and far genarating acceptance critaria, The results o the
Phase [1 testing will be ‘ocumented for sach System 80 plant in the
Phase 1 Test Report.

Input Sweep Tast

The Input Sweep Test 15 a real-time exercise of the CPCS application
program software and executive software with steady-state CPC input
vaiues read from a storage davice, The objectives of the Input Sweep
Test are described inReference 4.1 and ars summarized below:

(1) To determine the processing uncertainties rasulting from
differences in machine precision between the CPC/CEAC systam
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2.4.2

hardware and the COC 7600 (on which the FORTRAN code is
executed). The processing uncertainties will be factored into
acceptance ¢riteria for the other two Phase Il tasts and into CPC
Data Base constants affected by these uncartainties.,

(2) To verify the ability of the CPCS software algorithms to
initialize to a steady state after an Auto-Restart for each test
casa,

(1) To complement Phase [ individual module and program-wide testing
by identifying any abnormalities which were not uncovered
previously.

The Input Sweep Test will be performed in two segments. The CPC
software and the CEAC software segments will be independently tested.
Each segment wiil have its own test cases and acceptance criteria for
processing uncertainties, Each seagment will be first executed on the
CPCS softwara by the software implementation group. The test cases
will be allowed to initialize .by convergence of critical calculated
parameters, after which calculated parametar values will be
transferred to the functional design group. The functional design
group will execute the same test cases on the CPC/CEAC FORTRAN code
and will then perform a comparison between the two sets of calculated
parameter values, Part of this comparison will be a statistical
evaluation which will generata the processing uncertainties, The
résults of this comparison will be evaluated to en<.re the tast
objectives have been met.

Nynamic Software Yerification Test (DSVT)

The Dynamic Software Verification Tast is a real-time axercise of the
CPC application software and exscutive softwars with transient CPC
input values r=ad from a storage device., The objectives of the DSVT
are described in Refarence 4,1 and are summarized belaow:
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2.6

analog and digital signals that are input to the CPCS input processing
hardware, Each LISP test case will vary only one input parameter,
holding the other inputs at constant values, The LISP test also
exercises all dynamic portions of the CPCS software algorithms. The
results of this test will be comparad with the acceptance criteria and
evaluated to ensure the test objectives have beaen met,

As part of the LISP test, major aspects of the operator's module
cperation will be tested., The CPC and CEAC Point ID tables will be
checked to ensure that tha Point IDs displayed on the operator's
module are the same as those listed in the Point ID tables. Tra lower
and upper range limits for all addressable constants will be tested
and verified as having been correctly implemented, Finally, all
aspects of automated reentry of addressable constants will be tested
and verified to be correctly implementad.

PHASE I TEST CASE SELECTION AND ACCEPTANCE CRITERIA

For Phase [ testing, test cases will be generated for all modulas.
These tast cases will include cases to exercise all modifications,
including those related to RPC. The selection of test cases will
ensura that each functional branchk and each instruction in all modules
will be exercised, Program wide test cases will then be run to assurs
correct transfer of information between modules of the same program
and compatibil’ty of the RPC modifications.

The acceptance criteria will be[: :]allouah1e diffarence
between the expected resuylts and the actual results., However, all
differences greater than shall be investigated, and their
causes verified as not being dus to software errors or corrected,

PHASE Il TEST CASE SELECTION

THE CPC Input Sweep Test cases are selacted to cover the region of CPC
operation, Approximate1y[: 'tast cases will be generated, Tast
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case parameters will be varied over the rangs of CPC inputs with the
following additioral variations applied over cartain test case ranges:

|
|
|
~ l
|
‘

The CEAC Input Sweep Tes* cases are salected to cover various CEA
configurations. Approximate]y[: _Jtest cases wil)l be generated, The y
majority of these test cases will encompass the CEA configurations ;
expected during normal operation. The test cases in this first group ;

- » u——‘1 )
foo
1 r

! :] Test cases in the secord group will cover the

following conditions:

:

i
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2.7

GENERATION OF PHASE ! ACCEPTANCE CRITERIA
The acceptance criteria for the CPL Input Sweep tost are that:

(1) The processing uncertainties fall within the gu.delines cescribad
i1, Raferencs 4,1,

{2) Initialization capability is demonstrated, and
{1) No software errors are detacted,

This test will be performed on the CPC softwire and the COC 7600, The
CnC 7600 will then compare the results from both executions, case by
case, evaluate the magnitude of the difference between calculated
DNBRs and LPDs, and generate processing uncertainties,

The acceptance criteria for the CEAC Input Sweep test are similar to
those far the CPC Input Sweep Test, The test will be performed on the
CEAC software and the COC 7600, Comparison and avaluation of results
will be performed in a manner similar to that for the CPC Input Sweep
Test,
Tne NSVT acceptance criteria are based onI

{» The acceptance criter1a.?or’- “Iwill be
Hetermined by agplying the processing uncertainties detarmined during
CPC Input Sweep Testing :ofﬂ ufcalcuIated
with the CP7,1 EAC FORTRAN code., To detarmine acceptanca criteria for

¢ ot

dynamic cases will then be run on the CPC/CEAC FORTRAN code tg produce
L }lcceptance criteria,

-

The acceptince criteria for the LTSP test will consist of!

C

‘ T —— a— ‘
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will be factored into the accesptance
criteria, Each case will be exacuted saveral times on the CPC/CEAC
FORTRAN code to genserats the acceptance criteria,

Cala)
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3’.0

GENERATION OF MASTER DISK AND SOFTWARE DESIGN DOCUMENTATION

The genarattcn of a reference disk for Phase [ and Phasa [ testing
was described in Section 2,2, Once the testing is satisfactorily
completed, the two reference disks dascribed in Section 2.2 will
become the new raference disks for the software system. Additionally,
sevaral steps will ba taken in generating verious software disks which
will produce fndividual channel System Load Disks and Systsm Test
Disks. Four System Load Disks and four System Test Nisks will be
transmitted to sach plant,

During the software development and testing, documentation will be
generated to document the changes, verify quality assurance of the
CPCS software, and document the results of the testing. Thesea
documents will include:

(1) (CPC/CEAC Data Base Nocument

(2) Phase ! and Phase !I Tast Reports

(2) CPC/CEAC Software Modificarions Document {Reference 4,3)
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