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ABSTRACT

This paper describes a versatile test rig developed by AECL for functional testing of safety-critical software used
in the process trip computers of the Wolsong CANDU stations. The description covers the hardware and software
aspects of the test rig, the test language and its interpreter, and other major testing software utilities such as the
test oracle, sampler and profiler. The paper also discusses the application of the rig in the final stages of testing
of the process trip computer software, namely validation and reliability tests. It shows how random test cases
are generated, test scripts prepared and automatically run on the test rig. The versatility of the rig is further
demonstrated in other types of testing such as sub-system tests, verification of the test oracle, testing of newly-
developed test script, self-test and calibration.

1. INTRODUCTION

Pre-1990 experiences in testing the CANDU-6 Programmable Digital Comparators (PDCs) indicated that there
is a need for an easy-to-use test tool for safety-critical software. The test tool should be able to verify the software
functionality and demonstrate its reliability (black-box testing), and support unit test and sub-system test (white-
box testing). For post-1990 projects (Wolsong 2,3&4 PDCs), AECL developed and built a generic test rig for
validation and reliability testing of safety shutdown system software. The test rig hardware is based on a PC-
compatible computer and off-the-shelf data-acquisition boards. They are mounted on a single standard 19" wide
moveable rack. The rig has quick-disconnect input-output cables which plug into the target trip computer rack.
The testing software residing in the test rig PC consists of a test language interpreter, a test oracle and a test
display. The test language interpreter is ATLIN, developed by AECL using a popular off-the-shelf graphical
programming language. Running in parallel with ATLIN in the test rig are the test oracle and the test display
software. The oracle is an executable software version of the trip computer functional specification. It is prepared
by the design group which specifies the functional requirements to be met by the safety system (trip) software.
This group is independent from the designers of the trip software. The oracle serves as a test-bed for developing
the validation test scripts and as a reference model for reliability testing. The display software shows, in graphical
and numerical formats, the tester's expected results, the target trip computer status and the oracle status. The
ATLIN interpreter, oracle and display software can run in a local area network environment. The testers who
prepare the validation and reliability test cases, can develop and test the test scripts on their own work-station,
independently of the development of the trip software and trip computer hardware.

2. DEVELOPMENT

AECL has been actively involved in the development of testing tools for validation testing of safety-critical
software since the early 1980's. The development continued on the Wolsong Project and expanded the application
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of the test language and its interpreter to other testing areas such as reliability and sub-system testing. Testing
software utilities were designed, built or enhanced to take advantage of current advances in computer technology.

The traditional approach to black-box testing requires three basic test elements: stimulus-response-reference. The
tester applies stimuli to the black box, measures responses and compares with references. The stimuli and
references are based on the functional requirements specification of the black box. For functional black-box testing
of safety-critical software, two types of test are required:

Validation Test to confirm that the software performs correctly all functions specified in the functional
specification. In this test, the tester devises the test cases and supplies both stimuli and
references for each test case,

Reliability Test to demonstrate that the safety-critical software meets its reliability target in producing
a trip signal when demanded and no trip signal when not called for. This type of test
is to be performed on the software only after it passes the validation test. The software
is subject to input signals representative of its normal usage and the accidents it is
designed for. In this test, the number of test cases is substantial. Tools are generally
required to generate stimuli and references for each test case.

AECL developed the following test tools for validation and reliability tests:

Test Language a general-purpose tool for writing test scripts to apply stimuli, measure responses and
compare references,

Test Interpreter a general-purpose tool to provide an interface between the test script and the black box,
Test Display a tool to monitor stimuli and the corresponding responses,
Test Oracle a tool for automatic generation of references,
Sampler a special tool to determine how random stimuli are obtained for reliability testing,
Profiler a special tool for generation of random stimuli for reliability testing.

A test facility is set-up at AECL for validation and reliability testing of trip computer software. Figure I shows
the set up for testing the PDCs of one channel of a shut-down system of the Wolsong Project. Figures 2 and 3
show typical diagrams for validation and reliability test arrangements. The test interpreter and oracle can be used
independently of the test rig in the internal test mode shown in Figure 4. The following sections describe the
above tools that are currently in use at AECL for functional testing of Wolsong PDC software.

3. SOFTWARE

3.1 Test Language
The test language is a high-level language designed for writing test scripts. AECL developed the test language
and its interpreter (ATLIN) to give the tester an easy-to-use interface for manipulating the trip computer inputs
and measuring its outputs. The test language helps the tester to concentrate on the functionality of the test cases
without being distracted by the details of the trip computer implementation. The tester writes the test cases
directly in the test language as test scripts. For example, if the tester wants to set the Steam Generator #1 Level
input of the trip computer to 2.50 meters, the AECL test language command is simply the test script line "SET
SG1L = 2.50 M". If the tester were to use a language such as BASIC or C, the tester would have to be familiar
with the hardware to find out how to change an analog input, what is the allocation of the analog input for Steam
Generator #1 Level, and how to write and compile the computer code to send the required value to this location.

The AECL test language is simpler to use than standard computer languages. It has self-explanatory statements
directly related to the needs of the tester. Functional designers do not require previous knowledge of software
languages before using the test language. Table 1 shows the summary of the ATLIN instruction set. All validation
and reliability test cases are prepared as test scripts written in the test language.
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3.2 Test Interpreter
The test interpreter is a software program that resides in the testing computer. It transforms the statements written
in the test language into the required testing actions. The test cases, written as test scripts in the test language,
are interpreted line by line by the test interpreter. The target computer can be any 'black box' controllable by
analogue inputs and discrete inputs with outputs in the form of analogue outputs, discrete outputs and a serial or
parallel data link. The test interpreter accesses the inputs and outputs of the target computer via the data-
acquisition hardware of the test rig. The test interpreter can communicate with the target computer via a serial
link to access internal variables of the target computer software during a sub-system test, and with other testing
software utilities to supply the data necessary for their functions.

3.3 Test Script
The test script is a list of statements written in the test language. It is prepared by the functional design group.
The test script comprises of two types of text files, the menu files and the test files. The menu files tell ATLIN
what tests or sub-menus to run. The test files contain detailed test instructions for each test, including calls to
other test files (subroutines). The menu files and the test files can be prepared by using any editor in standard
ASCII text mode. Table 2 shows an example of an ATLIN menu file. ATLIN displays this menu on the screen
shown in Figure 5. Table 3 shows an example of a test file for menu item #1, with comments added to explain
the tester's intentions. Figure 6 shows the test control panel while this test script is running.

3.4 Test Display
The display software shows, in graphical and numerical formats, the tester's expected results, the target computer
and the oracle status such as tripped states and the analog set-points. The tester can select different types of
display, or turn off the display to speed up execution of the test scripts. Figure 7 shows the test display in bar
chart format while the example test file of Table 3 is being performed. Figure 8 is a corresponding display of the
input and output points relevant to the example test file. The upper half of the screen shows the analog inputs
while the lower half shows the discrete outputs.

3.5 Test Oracle
The test oracle is a tool developed by AECL to assist the functional testers in developing and testing the test
scripts. It is an executable software version of the trip computer functional specification. When executed, it
behaves like a software black box whose functions match with those specified in the functional specification for
the trip computer. With the help of a high-level graphical programming language, the conversion of the functional
specification to an executable format is easily reviewable by visual inspection and tested. The simulated
input/output interface of the test oracle is based on the functional specification for the trip computers so that both
the test oracle and the trip computer offer identical input/output interface to the test scripts.

The Executable Functional Specification is useful in these applications:

(a) It can be used for debugging the validation test scripts which are required to be developed independently
of the trip computer software and hardware. By running the newly-developed test scripts along with the
executable functional specification, the tester can correct bugs in the test cases before performing the
actual tests. As a result the testing time is shortened and the confidence on the test results is improved.

(b) The executable functional specification can be used as the test oracle for reliability testing. In this
application the executable functional specification produces the expected outputs for each set of random
inputs applied to the trip computer.

(c) During validation testing, the executable functional specification can be used to determine what the
outputs of the target computer should be. The tester can call the executable functional specification to
obtain the expected values as a cross-check for the values assigned at the time of writing the test scripts.
The benefit of this arrangement is that a second reference is available for the pass/fail judgment of the
test results.
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Both the executable functional specification and the trip computer software are based on the same functional
specification. However they are implemented from different perspectives and by independent design groups. The
executable functional specification is designed from the functional designer's point of view while the actual
implementation of the functional requirements by the trip software design group may be constrained by the
physical limitation of the hardware. Since the oracle is not constrained by the hardware limitation, it can fulfil
the functional requirements with higher precision than the trip computer. For example the trip computer may,
due to limitations, have to implement a power-dependent set-point function as a table of discrete values. The
oracle uses a continuous mathematical function to represent the same power-dependence. In other situations, the
trip computer may be forced to use integer arithmetic while the oracle uses floating-point arithmetic. Thus the
oracle is capable of achieving higher accuracy than the trip computer. It meets with the tester's rule-of-thumb that
"the testing instrument should be more accurate than the device-under-test."

The test oracle runs in conjunction with the interpreter when ATLIN operates in the "Reliability" or "Internal"
mode. In the reliability test mode (see Figure 3), the interpreter sends the same stimuli (ie. input signals derived
from the reliability test profiles) to the test oracle and the trip computer. It receives the responses (output signals)
from both of them. The responses from the oracle are used as references against which the trip computer
responses are compared. The results are written to a log file and a report file. In the internal test mode shown in
Figure 4, the test oracle serves as a software version of the functional specification for test script development.
In the early stage of development, the internal mode is used for testing the test scrips against the executable
functional specification.

3.6 Sampler
The sampler is a stand-alone software utility developed by AECL for reliability testing. It selects random data
from a data domain, based on criteria set by the user. In the Wolsong application, the input data are based on
typical accident scenarios shown in Tables 4, 5 and 6. The random number generator used in making the selection
is of proven type, known to be capable of generating long sequence of random numbers uniformly distributed
between 0 and 1. The user specifies the criteria for the types and the selection probability for the data to be
extracted from the data domain. For a typical reliability test input data generation process, the sampler first makes
random selection of the initial conditions shown in Table 4. Then it selects random initiating events for each
accident case from the ranges of data shown in Table 5. For each selected accident case, it assigns certain physical
plant variables from atypical selection matrix shown in Table 6. Finally it determines the values of plant variables
from the data ranges specified similarly to those of Table 4. The resultant tables produced by the sampler are
used as input data to the CANDU Plant Simulation model called the "Test Profiler".

The sampler reads a specification file containing the seeds for the random number generator, the number of test
cases (or accidents) to be generated, the test probability for the simulated accidents, the ranges and test probability
of the values of the plant variables assigned to the initiation of each accident. It produces tables of sampled values
of the plant initial conditions and the accident initiating events. For each accident to be simulated, the sampler
generates a unique accident identification code. Each code is a string of two-digit random numbers representing
the indices into the tables of sampled values associated with the occurrence of the accident. The profiler uses
these random indices to obtain the data to start its simulation run. This arrangement enables any of the 10,000
simulation runs that were produced for the Wolsong Project, to be re-generated if necessary.

3.7 Profiler
The profiler is based on a CANDU-6 simulation program for analyzing postulated accident scenarios. It was
modified to run on the PC-compatible computer and independently verified. It can continuously generate the
accidents specified by the sampler. From these input data, the profiler determines the plant upset conditions at
the start of each accident. It then calculates the transient signals for the relevant plant parameters such as reactor
power, primary heat transport flows and pressures. For the purposes of reliability testing of shutdown system
computer software, the transient calculation is terminated when a signal to be monitored by the trip computers
has reached its set-point. This signifies the moment that the trip computer should trip. Some slow transients are
terminated before the setpoints are reached, after a set time limit has exceeded. A set of these transient signals
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is called a "test profile". Figure 10 shows the plot of a typical test profile. Mathematical trajectories of substitute
profiles are generated for accidents that are not practical to be simulated by the plant model for reliability test
purposes. For Wolsong project it took approximately two weeks for ten 486-PCs to generate 10,000 test profiles.
During reliability testing, the profiles are stored in compressed format in the test rig. They are un-compressed,
converted to appropriate units and applied simultaneously to the target trip computer and the test oracle.

4. HARDWARE

The validation and reliability test facility for the Wolsong Project is set up for testing two shut-down systems
(SDSI and SDS2) at the same time. There are two standard 19"-racks for each shut-down system. One rack
contains the testing hardware. The other rack contains the hardware for one channel of the shut-down system.
The term "test rig" refers to the rack containing the testing hardware. The test rigs for SDSI or SDS2 are
interchangeable and re-configurable by software. Figure 1 shows the test set-up for one shutdown system channel.

The test rig is designed for flexibility. It makes maximum use of off-the-shelf hardware and software available
at the time. To minimize wiring effort, ribbon cables with mass-terminated connectors are used where possible.
Special emphasis is on the interconnection between the test rig and the target computer rack. Quick-disconnect
terminal blocks with mass-terminated terminals are selected for this purpose.

The testing computer is an IBM-PC compatible computer connected to an extension chassis containing data
acquisition boards. The test rig can apply, generate and read multiple analog voltages and digital signals directly
at the trip computer input and output terminals. Its role has been expanded for sub-system testing to perform
timing measurements, capture transient analog waveforms and communicate with the target computer via the serial
link. The test rig for Wolsong Project has the following features:

Analog Input (AI)

Analog Output (AO)

Discrete Output (DO)

Discrete Input (Dl)

Serial Link

Event Timing

Waveform Capture

The test rig has 16 Als for measuring signals in the 0-10 volt range with a 16-bit
analog-to-digital converter. The tester uses these Als to measure the analog responses
from the target computer. The test rig analog input board also can output a stable
reference voltage which can be used for on-line system calibration.
The test rig has 30 AOs, which can generates output voltages in the 0-10 volt range (or
currents in the 4-20 mA range) with a 12-bit digital-to-analog converter. The tester
applies these outputs to the target computer to simulate field analog signals.
The rig has 16 DOs of relay contact type, capable of switching 48VDC, 0.1 A load. The
tester applies these outputs to the target computer to simulate contact closures or
openings.
The rig has 48 DIs which are optically-isolated and capable of accepting relay contact
or solid-state inputs from the target computer.
There is one RS-232 link, with a data transfer rate of 19.2 kbauds. This link offers the
possibility for the tester to access some of the internal parameters of the target
computer.
Event timing is for measuring the target computer response times. The tester selects one
of the test rig AO or DO as a trigger signal for a timing test. The test rig measures the
timing intervals between the issuing of the trigger signal and any changes of state at
its digital inputs within a timing window specified by the tester. The resolution of the
timing measurement is 0.1% of the timing window duration. The smallest time
resolution is 0.2 ms. Figure 9 shows an ATLIN graphical display of the trip computer
Discrete Output change-of-states captured during a timing test with a 1-s timing
window. Note that change-of-states were detected during the first 100 ms.
The test rig can capture any transient waveforms that appear at its Analog Inputs and
display them in graphical format. The set-up is similar to the timing measurement. The
tester can select one of the test rig AO or DO as a trigger signal to start the transient.
The test rig then samples and captures all of its Als within a timing window specified
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by the tester. The sampling period is 0.1% of the timing window duration.
User Interface The test rig uses a standard off-the-shelf graphical interface for Windows.
Input/Output Interface The inputs and outputs of the test rig connect directly to the outputs and inputs,

respectively, of the target computer via a set of 50-conductor ribbon cables.

5. APPLICATIONS

5.1 Validation Testing
This test is for validating all the required functions of the software against its functional specification. The
validation test cases are written in AECL test language as test scripts in plain text format. From the test script,
the ATLIN interpreter generates automatic test sequences, performs timing functions, detects test successes and
failures, logs the test results and produces the summaries for the test report. For Wolsong Project, the validation
testing follows the traditional process of applying the test stimuli to the target trip computer and comparing its
responses with the values that the tester expects. The test passes if the trip computer discrete outputs are exactly
in the state as expected and the analog outputs are within the specified tolerance limit of the expected values.
The results for Wolsong indicated that the trip software performed successfully all the required functions. Figure
2 shows the basic validation test diagram.

5.2 Reliability Testing
Reliability testing aims at demonstrating that the trip software, when subject to the accident input signals that it
is designed for, will produce a trip signal with a reliability that equals or exceeds the specified target reliability.
Conversely, reliability testing confirms to a certain confidence level that the trip software will not produce a
spurious trip. To meet this requirement, the test rig is called upon to apply 10,000 random and independent test
profiles to the target computer. Each test profile is a time series of the plant variables that the trip software would
"see" at its inputs during a postulated accident. The response of the actual trip software is compared with the
reference model, ie the test oracle, to determine the outcome of each test case. The reliability test is performed
with zero tolerance in the comparison of responses from the trip computer and the test oracle. The tester has to
investigate and resolve all discrepancies encountered. The results of 10,000 test cases are analyzed to confirm
reliability of the trip software meets the target in performing its required functions. Figure 3 show the basic
reliability test diagram.

5.3 Sub-System Testing
These tests are conducted by the trip software designers to ensure that the various trip software modules will work
correctly together and with the hardware they reside on, to carry out a required function. The tester is looking
for errors in the software, hardware and I/O interface. In sub-system testing it is permissible to access the internal
data of the software under test. For Wolsong PDCs, a special software test module is temporarily installed in the
PDC to monitor its internal variables and output them to a serial port. The test rig is well suited for this
monitoring application because of its capability to measure both internal variables (through the serial port) and
external variables of the target computer. The high-resolution timing and analog waveform capturing ability of
the test rig has proved to be invaluable to the sub-system integration testers.

5.4 Oracle Verification
The oracle is verified against the functional specification of the trip computer that it emulates. This is achieved
by applying to the oracle, the validation tests that are intended for the trip computer. The oracle validation test
scripts are the same as those written for the actual trip computer. For the oracle verification, ATLIN is run in
the internal mode on the user's work-station. In this mode ATLIN sees only the oracle as the "target" computer
and there is no external hardware connected to the user's work-station. The oracle is required to pass the same
validation tests that are intended for the trip computer, except for those tests requiring real hardware such as the
hardware watchdog test and the system response timing test.

5.5 Test bed for newly-developed test scripts
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During early stage of testing software development, the oracle is treated as a software version of the functional
specification. The tester can use the oracle to try out the test scripts. By running the ATLIN interpreter and the
oracle in a Local Area Network (LAN) away from the rig, the tester can debug and verify the test scripts against
the software version of the functional specification. This ensures a high degree of independence between the
development of the test cases and the trip software.

5.6 Self-test and Calibration
The test rig contains internal software utilities and references sources for its own self-test and calibration. They
are documented and traceable for quality assurance purposes. In addition the user can connect to the test rig
calibrating devices such as standard voltage or frequency sources, to perform a system calibration before a test
session.

6. CONCLUSION

Our experience with the generic test rig has demonstrated that it is a flexible, cost effective means to develop test
cases to perform validation and reliability testing. Its construction as a single standard width panel allows it to
be brought directly to the target machine to conduct testing. The use of a PC-compatible computer allows the use
of PC-based display software and standard utilities and the ease of communication via a network. The ability of
testers to use their own PC work-stations allows software development independent of a proprietary platform and
in parallel with each other. The use of PC-bus compatible hardware such as data-acquisition boards, means that
the test-bed is readily up-gradable as PC technology evolves.

The use of a commercial high-level programming language for preparing test software utilities greatly helps to
cut down the cost of development of the test rig software. A graphical programming language geared for data-
acquisition is particularly suitable for this purpose by providing an intuitive interface and stable environment for
the testing software. It has proved to be very efficient in allowing new test features to be added to meet requests
from testers to investigate unexpected test results. The ability to make detailed timing measurements and capture
transient analog waveforms enables sub-system testers to resolve complex sequences of events and gain better
understanding of the test results.The use of test scripts allows the tester to repeat the test consistently.

The test rig provides a convenient platform for running automated test sequences. Long test sequences can run
un-attended on the rig, resulting in more efficient use of the testers' time. The automatic generation of test logs
and reports reduces the effort of preparing the final test report.

The successful use of the test oracle in the reliability testing has encouraged the concept of expanding its use in
future validation testing. We plan to develop this approach for future functional testing to simplify the task of
preparing validation test Scripts.
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TABLE 1 SUMMARY OF ATLIN INSTRUCTION SET AND FUNCTIONS

Functions

1. Identify the test-points by name

2. Identify commonly-used constants by name

3. Apply signals to the inputs of the device-under-test

4. Acquire the outputs of the device-under-test

5. Manipulate test variables

6. View the inputs and outputs of the target computer

7. Evaluate the outcome of a testing action

8. Ignore irrelevant 10 points

9. Control the sequence of testing actions

10. Perform timing measurements

11. Capture analog waveforms

12. Serial link interface

13. Identify the test in progress

14. Show intermediate test status

15. Get external events

16. Get external variables

17. Control the display of information

18. Error handling

Command Keywords

DEFINE

TIME, DATE, VOLT, SECOND,...

SET, RESET, RAMP, POWER

(automatic)

LET

DUMP, WRITE, COMMENT

CHECK, COMPARE

CLEAR

IFERROR DO...ELSE...ENDIF,
LOOPWH1LE... FINISH, WAITUNTIL,
CALL, PAUSE, EXIT.TESTEND,
ABORT

TIMING_ENABLE, TIMING DO,
TIMING_W1NDOW

AO_CAPTURE, TIMING_AO,
TIMINGWINDOW

LINK READ

TITLE

COMMENT

NOTE

READ

PRINT

(automatic)
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TABLE 2 EXAMPLE OF AN ATLIN MENU FILE.

MENU SCRIPT

T Menu lor Channel 1)1 VALIDATION (CNS example)

1. MODERATOR HIGH TEMPERATURE TRIP MODIIT.CNS
2. RANDOM ANALOG INPUT VALUE SELECTION RANDOM DM0
3. STEPPING A S I L I C I I D A/I STEPPING.DMO
4 S1NGI.I-: LOOP TRIP TIMING TEST TRIPTIM.DMO
5. NOP SUSTAINED TRIP TIMING TEST NOPT1M.DMO
6. MAIN SYSTEM MENU MEMEASTER

COMMENTS

T is for Title and numerals arc for menu
items. The files corresponding to the menu
items are at (he end of each item line.

TABLE 3 EXAMPLE OF AN ATLIN TEST FILE.

TEST STEPS

1 Decide which function
to test.

2 Select the input and
output test points,

3 Set up the test signals.

4 Initialize the test-points
to known pre-test states,

5 Determine the pass/fail
criteria for this test ,

6 Send the test stimulus.

7 Evaluate the responses.

8 Test completes.

SCRIPT FILE MODHT.CNS
A test for Moderator High Temperature Trip when the

signal is greater than its set-point by a maximum
allowance (Underlined arc ATLIN keywords)

T ITLE Channel Dl Moderator High Temperature Trip.

CALL DEFINE.ID
DEFINE MDT Al = D1AI17
DEFINE MDT TRIP = DIDO9
DEFINE MDT IRR = DIDO22

CALL INIT.ID
CLEAR
LET NORMAL = 50
LET SETPOINT = 87
LET MAXTOLERANCE = 2

SET MDT Al = NORMAL
CHECK MDT TRIP IS CLOSED

LET MDT TRIP = OPEN
LET MDTJRR = CLOSED

SET MDT_A1 = SETPOINT + MAX_TOLERANCE

COMPARE

TESTEND

COMMENTS
(ATLIN ignores comments started with ;)

Moderator High Temperature sensor A l
Moderator High Temperature trip DO
Moderator High Temperature Irrational
out of range) DO

initialize target computer
set irrelevant I/O to "dont care"
"C
"C
"C

; parameter should be un-tripped initially.

; expect the trip DO to trip (ie.open)
; expect no irrational signal indication.

; this instruction compares ALL the
specified outputs with their expected
values set by the tester. The result is
shown on the screen, the log file and the
report file.
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TABLE 4 TYPICAL INITIAL CONDITIONS FOR RELIABILITY TEST PROFILES

System

Reactor Power

Fuels

Steam Generators

Reactor Control

SG Pressure Control

Turbine

Range

2 to 80%FP
81 to IOO%FP

Equilibrium
Fresh

Clean
Fouled

Normal
Alternate

Hold

Normal

Probability of being selected as an initial condition

0.30
0.70

0.80
0.20

0.40
0.60

0.8
0.2

1.0

1.0

TABLE 5 TYPICAL INITIATING EVENTS FOR RELIABILITY TEST PROFILES

INITIATING KVENTS

1 LARGE LOSS OF COOLANT

2 SMALL LOSS OF COOLANT
(as result of Pressure Tube Rupture, Flow Blockage,
End Fitting Failure, SG Tube Rupture, Pipe Breaks
in Heal Transport Auxiliary Systems

3 LOSS OF CLASS IV POWER
( including PUT Pump Seizure)

4 LOSS OF REACTIVITY CONTROL

5 LOSS OF PUT PRESSURE AND INVENTORY
CONTROL

6 SG FKEDWATER LINE BREAKS

7 LOSS OF SG FEEDWATER PUMPS

8 STEAM MAIN BREAKS
(including Loss of Secondary Pressure Regulation)

9 LOSS OF SERVICE WATER FLOW
(including Failure of Reactor Moderator Flow)

10 RANDOM HARDWARE FAILURES
(EG. Irrational signals, Signal frozen ...)

FREQUENCY
(1 is leBSI frequent)

1

2

2

3

2

2

2

2

3

3

SEVERITY
(1 is least severe)

3

2

2

1

2

3

3

3

1

1

Frequency
X

Severity

3

4

4

3

4

6

6

6

3

3

PERCENTAGE
of total number of

test cases, (based on
frequency x severity)

7.14

9.52

9.52

7.14

9.52

14.29

14.29

14.29

7.14

7.14

Total: 1 0 0 %
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TABLE 6 TYPICAL SELECTION MATRIX FOR ASSIGNING PLANT VARIABLES TO SIMULATED
ACCIDENT SCENARIO (SHADED BOX = NO ASSIGNMENT MADE)

RANDOM PLANT
VARIABLES

10

Accident Scenario #

Initial Reactor Power,FP

Initial Plant State #

Pre-Accident Condition #
Power Manoeuv. Target.dec.
Power Manoeuv. Rate #

Time of Accident, s
Max. Accident Duration, s 8

Pump Mode Handswitch

De-Shading Gain 10
De-Rippling Gain 11

Random Noise Amplitude % 12
Moderator Temperature, oC 13
Greater Than 5% break size 14

Primary Break Location # 15
Secondary Break Size, frac 16

PHT Pump Failure # 17
\ \ **>
• , • " ;

LOR mK Rate, mK/s 18

PHT Feed&Bleed Failure # 19
PRZ Pressure SP, MPa(g) 20
SG Feedline Break Loc. # 21

SG Feed Pump Failuretf 22
SG Steam Line Break Loc.# 23
Moderator Temp. Rate, oC/s 24

f\

Inst.& Cont. Failure # 25
Less Than 5% break size 26

Failed Valve Opening, frac 27
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FIGURE 2 VALIDATION TEST DIAGRAM
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FIGURE 3 RELIABILITY TEST DIAGRAM
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FIGURE 4 INTERNAL TEST DIAGRAM
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TITLE

Menu for CHANNEL Dl VALIDATION (CNS example)

1 MODERATOR HIGH TEMPERATURE TRIP
2 RANDOM ANALOG INPUT VALUE SELECTION
3 STEPPING A SELECTED A/I
4 SINGLE LOOP TRIP TIMING TEST
5 NOP SUSTAINED TRIP TIMING TEST
6 MAIN SYSTEM MENU

MODHT.CNS
RANDOM.DMO
STEPPING. DMO
TRIPTIM.DMO
NOPTIM.DMO
MEMASTER

RfNU

0 OTHER TEST FILE MYTEST.TMP

MODHT.CNS COMPLETED.
MODHT.CNS

SELECT TEST>] f j
I I I P • ! I

NOjl RUN THIS TEST? |

FIGURE 5 ATLIN MENU SCREEN

Channel D1 Moderator High Temperature Trip 1TITLE

IMANUAL 1 TITLE Channel D1 Moderator High TemperaMBATCH
2 CALLDEFINE.1D
3 DEFINE MDT_AI-D1AI17
4 DEFINE MDT TRIP-D1D09
5 DEFINE MDT~IRR-D1D022
G CALLINIT.1D
7 CLEAR

14 LET MDT IRR = CLOSED

15 SET MDT_AI = SETPOINT + MAXJOLERANCE
I

16 COMPARE

Irrevious instructions

16.
COMPARE command PASSED at line # 1 6 .

COMMENT!

(ABORT I I DUMPl JLOS ON | [BATCH | | STEPJ JRUN

FIGURE 6 ATLIN TEST CONTROL SCREEN

- 14-



V T C . CHANNEL | D1 J69]|lWframel

L AVERAGE POWER XFP UNP0WER *FP 1 | LOG POWER XFP | [ j R G ~ | [JPSj
•limil I •li;i|iil|g|iHiiliniTiTiTil I • ^B I IMIOI I •'H!'« I MB iriHi il I

5GLEVELL0W. M }
0.00 Z50 5.00 7.50 m'oO 12.50 15.'oO17.'oO
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D
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nl) ItMr.nlun, ou •
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FIGURE 7 TEST DISPLAY SCREEN

AI 17 [MDT] MDT_AI

»re?| ICOMPAREI

8 9 . 0 0 3 0 3 6 8 9 . 0 0 3 0 3 6 ( ) ( . )

|REQ, STATEl |OBS. STATEl [COMPAREl

DO 9 [R1Y] MDT TRIP OPEN OPEN ( ) (.)
DO 22 [MES] MDTllRR CLOSED CLOSED ( ) (.)

[Show DO chanae-of-state! lOmif'dontcare" ^ ICONTINUEJ

FIGURE 8 INPUT/OUTPUT DISPLAY
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FIGURE 9 EVENT TIMING DISPLAY

« n is n « IOO 106 11 11 130 12s mo

Reliability Test Profile # 8892: Turbine trips at 0.0s. Loss of SG Feedwater pump at 4.4s.
Vertical scale: normalized values. Horizontal scale: time in unit of 0.8 seconds

FIGURE 10 TYPICAL RELIABILITY TEST PROFILE
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