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EXECUTIVE SUMMARY

In recent years, the U.S. Nuclear Regulatory Commission has encouraged
licensees to develop and request aporoval of test and surveillance
practices that are adequately supported on a technical basis and that
minimize risk to tne public. This report presents the application of a
pilot program to establish risk-based justification for the content and
frequency of surveillance tests at the San Onofre Nuclear Generating
Station (SONGS).

The system chosen for this demonstration was the excore nuclear
instrument safety channel drawer, which provides voltage indication of
neutron flux to the plant protection system and the core protection
calculator for reactor trip functions. Specifically, risk-based methods
were used to examine the 31-day surveillance test of this system
(5023-11-5.5 through 5.8) in relation to the safety functions of the
channel, its failure history, other tests that reveal information about
the channel, and the technical specification requirements.

The risk-based evaluation has revealed opportunities to both reduce the
content of the 31-day test and extend its test interval to quarterly.
The proposed scope reductions and procedure modifications will enable the
test to be accomplished without opening the safety channel drawer. This

.

eliminates a major cause of system failures. The risk-based evaluation
'

of surveillance intervals indicates that a quarterly test interval can be
achieved without significantly increasing the overall unavailablity of

,

the system to produce its safety function trips.

APPROACH

A risk-based evaluation of surveillance tests can be approached at many
levels. The ultimate risk measure is the health effects on the public.

Because core damage releases radioactive material from the fuel that
could result in health effects if not contained, the severity and
frequency of core damage are also used as measures of public risk. In
the absence of a probabilistic risk assessment for SONGS, these risk
measures cannot be used directly. For this pilot study, the
unavailability of the excore nuclear instrumentation safety channel
drawer to produce a proper output voltage when required for reactor trip
was chosen as the risk measure. Given that all other factors remain the
same, an increase in this unavailability will increase the core melt
frequency. The criterion for the evaluation is that recommendations
should result in no significant increase in system unavailablity to
perform its safety function.

The analysis was accomplished in two stages. First, the effectiveness of

the test for verifying that the safety channel could accomplish its
safety function was evaluated. The functions of various component parts
of the system were. identified. Then, the means by which these functions
are verified were identified. The operating history of the safety
channel drawers was reviewed to identify the types of failures that have
occurred and how they were revealed. The content of the 31-day test was
then correlated with this information, and test effectiveness was

S-1
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evaluated for verification of safety functions and duplication with other
surveillance tests and operational checks.

Following the qualitative evaluation of test effectiveness, a
quantitative evaluation of the surveillance test interval was
accomplished by estimating, from both generic and plant-specific data,
the time-dependent and test-related failure parameters. The SOCRATES
computer code was used to conduct time-dependent unavailability analyses
to determine the sensitivity of average system unavailabilit/ to
surveillance test interval; channel bypass time; and between test
time-related " standby" failures.

RESULTS AND RECOMMENDATIONS

The results of the risk-based evaluation indicate that there is
considerable opportunity for reducing the content and extending the
frequency of the 31-day excore safety channel drawer surveillance test, j
while maintaining the unavailability of the system at or below its
current level. The evaluation has generated recommendations in five
areas:

e R_ eduction of Test Content. Test scope can be reduced by eliminating
the following sections of the test, which were found to have minimal
impact on the ability of the safety channel to accomplish its safety
function.

Power Supply Voltage Verification. A support function whose-

acceptability is evidenced by proper channel output voltages.
There have been no failures to trip as a result of
out-of-specification power supply voltages. Catastrophic
failures will be annunciated in the control room. This
eliminates one of the sections of the test that requires opening
the safety channel drawer.

Logarithmic Channel Functional Test. Eliminates duplication with-

the 31-day plant protection system test, which satisfies all of
the requirements of a channel functional test. The calibration
steps are required only on an 18-month interval.

- 10-4 and 557. B1 stable Setpoints Tests. Both activate trip
functions, but .% not generate the trips. The exact power level
is not critical to their safety functions, and the actual
activation is annunciated in the control' room. Setpoint
verification requires opening the safety drawer, which is a major
cause of failures in the system.

I

l - Linear Channel Functional Test. Eliminates duplication with the

31-day plant protection system test, which satisfies all of the
requirements of a channel functional test.

e Use of Test Circuits Designed into the System. Portions of the test
procedure can achieve verification of system calibration and
operability by use of the test controls provided on the front panel,
thus eliminating the need to open the safety channel drawer.

5-2
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- Linear Channel Calibration. The equivalence of the linear
calibrate circuit to a known signal, as defined by the technical
specifications, was established. This permits using the linear
calibrate switch provided on the front panel to satisfy the
monthly calibration requirement.

- Rate channel alarm functional test. A calibration is not
required on a monthly basis, and a functional test can be
accomplished using the rate trip test potentiometer on the front
panel,

o High Logarithmic Power Test Requirement prior to Startup. Only a
channel functional test is required. This can be satisfied using the
log trip test potentiometer on the front panel. The simplified steps
can be made part of the operations startup procedure,

o Consolidation of Monthly Recuirements into the PPS 31-Dav Test.

Implementation of the recommendations contained in this report will
result in a much smaller procedure. The administrative burden of
test setup, coordination, review, and record keeping could be
eliminated by consolidating the remaining steps into the 31-day PPS
test, which already accomplishes the channel functioaal tests. This
has the disadvantage of making the purpose of the PPS test broader
than originally in*anded.

e Extension of Survo: 11ance Test Interval. The results of the
quantitativa evaluntion of using the best estimate values of the
failure of the system parameters are given in Table 5-1. The
relatively high values for system unavailability are due to the
comprehensive treatment of potential common cause failures. These |
absolute values do not impact the results, however, since the change
of unavailability with test interval is of primary interest to this
analysis. Table 5-1 indicates that the surveillance interval for the
nuclear instrumentation excore safety channel can be extended to a
quarterly interval with no significant increase in system
unavailability for performing its safety function.

The failure data also indicate that the 7-day requirement for functional
testing of the log high power trip prior to startup can be eliminated.
Failures of the logarithmic power channel occur less frequently than
those of the linear channels, 50 testing is done at the interval
determined to be acceptable for the linear channels. However, given that
the high log power trip will be one of the primary safety trips during
startup, including the functional test of the log channel in the startup
procedure may be prudent.

CONCL1)SIONS

Several conclusions regarding the use of risk-based ';ethods of evaluating
surveillance tests can be made. First, the quall'J ive evaluation of
test procedures versus safety functions provirk luable insights into
system operation and the effect of technical speu /ication requirements
on risk. This points to areas of duplication and unnecessary detail that !

can be modified or eliminated. Second, the data evaluation provides j

|
1
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TABLE S-1. UNAVAILABILITY OF THREE-0UT-OF-FOUR *

EXCORE NUCLEAR INSTRUMENT SAFETY CHANNELS TO
PROVIDE ACCURATE VOLTAGE OUTPUT OF NEUTRON FLUX TO

THE PLANT PROTECTION SYSTEM AND CORE PROTECTION CALCULATOR

| (Mean Value Failure Parameters; Test Bypass Time of 2 Hours)

Test System Unavailability per Demand
Interval
(months) Staggered Testing | Sequential Testing

1 6.48 x 10-5 6.51 x 10-5

2 5.97 x 10-5 6.07 x 17-5

3 5.89 x 10-5 6.06 x 10-5

4 5.92 x 10-5 6.17 x 10-5

5 6.00 x 10-5 6.35 x 10-5

6 6.12 x 10-5 6.60 x 10-5

|
|

|

|

l

|
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insights into test effectiveness and input for failure parameters. These
insights can be important for both the qualitative and the quantitative 1

analysts.
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I- INTRODUCTION j

!
'

1.1 BACKGROUND

This report documents work accomplished by Pickard, Lowe and Garrick,
Inc. (PLG), and the San Onofre Nuclear Generating Station (SONGS) on a
pilot program to establish a risk-based methodology for evaluating
surveillance testing at SONGS. The work was undertaken to implement the

recommendations of the U. S. Nuclear Regulatory Commission's (NRC) task
group to the issue of surveillance testing in technical specifications
(Reference 1). The thrust of the group's recommendations was that
surveillance test content and frequency should have a sound technical ;

basis. The group further stated that surveillance test requirements |
should not unduly consume plant personnel time or result in undue j

radiation exposure to plant personnel without a commensurate safety '

benefit in minimizing public risk. |

1.2 OBJECTIVE OF PROJECT

iThe objective of this report is to demonstrate the feasibility of a
'

methodology for developing risk-based surveillance programs for
safety-related equipment at the San Onofre Nuclear Generating Station.
This risk-based analysis enhances the effectiveness of surveillance
testing by establishing a more scrutable technical basis for the
procedures.

The methodology defines the safety rationale for surveillance tests and
correlates test procedure steps to this rationale. Those that duplicate
other procedures or provide insignificant safety impact are recommended
for elimination. Surveillance test intervals that reflect a balance
between the positive and negative impacts of the tests are calculated
based on the generic and plant-specific failure history of the equipment.

To demonstrate its feasibility, the methodology is applied to the excore
nuclear instrumentation safety channel drawer 31-day surveillance with
two goals:

!

1. Optimize the content of the procedure with respect to the safety . j

functions of the system, the existing technical specifications, and j
other associated equipment and surveillance tests.

2. Determine the surveillance interval that minimizes the unavailability
of the channel to accomplish its safety function.

1.3 ORGANIZATION OF REPORT
.

Section 2 summarizes tne risk-based methodology applied to the excore
detector safety channels. Section 3 evaluates the effectiveness of the
tests from a risk point of view. It defines the safety functions _and
correlates the testing program to those functions. Finally, it presents
recommendations for consolidating the 31-day test into other procedures :

1-1
08995010892
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that accomplish the same or similar objectives. Section 4 evaluates the
testing interval of the safety channels, based on failure parameters
derived from both the generic data of Reference 2 and the plant-specific
cata of SONGS Unfts 2 and 3.

,

~
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2. METHODOLOGY

2.1 BACKGROUND

In 1983, the NRC established a task group to address the scope and nature
of problems regarding surveillance testing in the current technical
specifications. The group's work and recommendations are documented in
NUREG-1024 (Reference 1). In this document, surveillance requirements
were defined to be " requirements relating to test, calibration, or
inspection to ensure that the necessary quality of systems and components
is maintained, that facility operation will be within the safety limits,
and that the limiting conditions for operation will be met" (Reference 1,
page 1-3). The document cited concerns expressed by the Committee to
Review Generic Requirements (CRGR) that too-frequent testing of reactor
trip system breakers and diesel generators contributes to the wear of
components and unnecessary downtime. The CRGR observed that a poorly
defined safety rationale was used to support particular testing
requirements for these systems. It encouraged establishing better
balanced test and surveillance practices aimed at improving overall
safety and equipment reliability.

The recommendations of the task group are given in Table 2-1. The

essence of the first and second recommendations is that both the content
and frequency of surveillance testing should be based on a technical
basis that minimizes risk to the public. In Section 2.3 of Reference 1,

the task group stated that both engineering judgment and insights
obtained from probabilistic risk assessments can be used in arriving at
these judgments. It identified the FRANTIC code as one of the more
promising methodologies that could be used for risk-based evaluations.

In response to the NRC initiative, the Combustion Engineering Owners
Group sponsored the application of risk-based methods to justify the
extension of the surveillance intervals for the reactor protection system
(RPS). The resulting report, prepared by Combustion Engineering, Inc.
(Reference 2), is currently under review. Although this report accounted
for failure rates of the instrutnentation providing signals to the RPS, it
did not include a detailed examination of the instrument tests. This
report provides this examination for the excore nuclear instrumentation
safety channels.

,

1

2.2 TECHNICAL APPROACH )

The technical approach is risk based and focuses on two rationale for I|establishing a surveillance test program:

1. The overall operation and test program must verify the operability of
system functions that impact the safety of the plant. Within this
context, the licensee may demonstrate that the safety function is
available by a variety of operational checks and tests. Establishing
a correspondence between operational monitoring, channel checks,
functional tests, and calibrations and these safety functions can
satisfy the intent of the technical specifications, while avoiding

2-1
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TABLE 2-1. RECOMPENDATIONS OF THE U.S. NUCLEAR REGULATORY
COMMISSION'S TASK GROUP TO STUDY THE ISSUE OF SURVEILLANCE l

TESTING IN TECHNICAL SPECIFICATIONS, LISTED IN ORDER !
0F PRIORITY (Reference 1, page 4-1) '

I
i

Recommendation 1 i |

I i
The testing frequencies in the technical specifications should be { j
reviewed to ensure that they are adequately supported on a technical

i
basis and that risk to the public is minimized. !

Recommendation 2

The required surveillance tests should be reviewed to ensure that fimportant safety equipment is not degraded as a result of testing and
that such tests are conducted in a safe manner and in the appropriate
plant operational mode to ensure that risk to the public is minimized.

Recommendation 3

The action statements should be reviewed to ensure that they are
designed to direct the plants to a safe plant operational mode in such
a way that public risk is minimized and that unnecessary transients and
shutdowns are precluded.,

Recommendation 4
|

The surveillance test requirements should be reviewed to ensure that
they do not unnecessarily consume plant personnel time or result in
undue radiation exposure to plant personnel without a commensurate
safety benefit in terms of minimizing public risk _

i

1

Recommendation 5 )
The preparation and organization of the standard technical
specifications should be reviewed to ensure that they are consistent
with 10CFR50.36 and only contain requirements that have a sound-safety
basis.

l

|

2-2
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the potentially negative impact that dupitcation of surveillance
testing may have on channel availability.

2. The interval at which surveillance testing is accomplished should
reflect a balance between the positive and negative impacts of the
test. This involves a quantitative comparison of rate at which the !

' test reveals undetected safety function failures relative to the
contribution of the test to the unavailability of the system, either
due to realignment or to test-caused failures.

2.3 DEFINITION AND LEVELS OF RISK

Risk-based analysis consists of an answer to the following three
questions:

e What can go wrong?
e How likely is it that this will happen?
e If it does happen, what are the consequences?

To answer these questions, one could make a list of scenarios, expressed
in triplet form:

<st, pi, xi>
where

Isj - a scenario identification or description.
|

pg - the likelihood of that scenario. ;
i

xj - the consequence or evaluation measure of that scenario; i.e., ;

the measure of damage. |
.

Typically, scenarios are generated by constructing event trees that
depict initiating events, the response of the engineered safety functions
of the plant to those initiating events, and the end states resulting
from the responses, as shown in Figure 2-1. The end states have
consequences associated with them, such as health effects to the
population or core damage.

Risk contributions associated with changing surveillance test intervals
(STI) can be evaluated at lower levels if it can be demonstrated that the
risk measure selected for evaluation has a direct relation to the overall q
risk described above. The two most common are the system and safety
function levels. Criteria for using these measures are described in
Reference 3. The following two paragraphs take much of their content
from that document.

Evaluations at the safety function level address the combinaticas of
. safety systems required to perform a function that is necessary'to
prevent a given transient or accident from proceeding to a core melt or
other undesirable consequence. The safety function is defined so that,

the risk impact of changing STIs can be directly tied to core melt
I frequency or other undesirable consequence defining the risk. 1he risk

is an expression of the unavailability of the function, which ticludes !
'

2-3
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all of the affected systems and their interactions. Referring to
Figure 2-1, if the safety function becomes more available for
accomplishing its function, the likelihood of scenarios resulting in core
damage becomes smaller, leading to a decrease in risk.

System-level risk is obtained by quantifying the unavailability of a
system to perform the function defined by the failure criteria of the
risk analysis. Once the unavailability criteria are defined, a system
unavailability model is usually easy to generate. However, when arguing

!the acceptability of system unavailability as the measure of risk, one
needs to consider system interactions and whether more than one system is
required for the successful performance of a safety function. Evaluation
at the system level is generally inadequate when an STI change affects
multiple systems or functions. To use system unavailability as the
evaluation criteria, it must be demonstrated that the effect on system
unavailability from changes in STIs can be unambiguously interpreted.
This would also include not affecting initiating event frequencies or the
response of other systems with which it interacts.

2.4 EFFECTIVENESS OF TESTING TO REDUCE SYSTEM UNAVAILABILITY

Serveillance testing is accomplished to demonstrate system operability
'

and reveal system failures that have occurred but have not been revealed
that would result in an unavailability to accomplish its function should
an actual demand occur. To properly account for the effectiveness of the
test, the source of failures and their relationship to the STI must be i

identified. This section first outlines the various types of failures i

that can occur in systems. It then summarizes how those failures might [

be accounted for when establishing a surveillance testing program.

2.4.1 SOURCES OF SYSTEM UNAVAILABILITY

Sources of failure to consider when evaluating STI contributions include:
'

e Standby Failures,. Time-related between-test failures that put the
system into an undetected failed state that will not be revealed i

until either a surveillance test is accomplished or an actual demand
occurs. They are normally associated with standby equipment that .

remains idle until called on to operate during an emergency; hence,
!the name. However, these types of failures can also describe

conditions under which active components or sensors must change their
output in response to an emergency. If the inability to respond to

the change cannot be inferred from monitored information, ,

surveillance testing that simulates the required condition is j

necessary.

e Monitored Failures. Time-related between-test failures that are
revealed immediately or that can be detected by the plant operators

'

during their normal shift or daily checks. They do not require
surveillance testing to be revealed.

,

i

2-5
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e Demand-Related Failures. Failures that occur at specific transition
times, eitner when the component is put into service or at the time

,

of demand. These types of failures are normally associated with
transition shocks or human errors that leave the component in a
failed state. They occur independently of surveillance testing
intervals and do not change as the STI changes. However, if they
constitute a large fraction of observed failures, the necessity to
repair demand-related failures occurring during a test is a reason
for extending test intervals.

e Test-Caused Failures. Failures and degradations that require the
component to be declared inoperable for repair. These failures are
the result of testing and would not have occurred if the test had not '

been accomplished. They include human errors that require repair or '

otherwise increase the time during which the system is unavailable.

e Test Efficiency. Assessment of the ability of the test to reveal
failure modes that will prevent successful accomplishment of the
function of the system during an actual demand. This measures the
ability of the test to simulate expected emergency conditions.

2.4.2 JUDGING TEST EFFECTIVENESS

An ideal test is one that

e Demonstrates the availability of the safety function.
e Does not make the system unavailable to respond to an actual demand.
e Detects failures that would not have otherwise been revealed.

In reality, tests involve a compromise of these three factors. For
example, if the true alignment of the system cannot be maintained during
a test, failure modes associated with that alignment may not be detected.

The failure history of the system can provide much information on the
effectiveness of a test. Surveillance tests should be designed to detect
conditions that cannot be revealed by monitoring or normal operational
checks. If all failures are annunciated or detected by operations, the
test may not be required. A preponderance of test-caused failures and
demand-related failures during testing is justification for extending
test intervals or seeking alternative methods of verifying operability ~.

Very frequently, the consolidation of tests of different systems that
accomplish related functions can eliminate duplicative procedures that
generate unwanted failures. This may also have the advantage of
producing a better integrated verification of-the safety function. The
justification of an effective test should clearly state what the test is
accomplishing that cannot be done by other means.

'

2.5 ANALYSIS FLOW

The analysis flow used in this study is given in Figure 2-2. The first
few steps define the system and break down the safety functions into
testable, nonredundant component functions. This forms the context under
which the evaluation will be done.
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The next steps examine both the historical failure data and the
surveillance tests that have been performed with two objectives. The

i

first is to establish a basis for each step or section in the test |

procedures and validate that they are accomplishing a veriflCation that
affects the safety function of tne system. The second objective is to
evaluate the demonstrated effectiveness of the test to detect failures.
The methods by which failures are detected are very important for
analysis of test content. This evaluation can identify unnecessary and
duplicative testing that can be eliminated without the necessity of a
change to technical specifications.

The quantitative evaluation of surveillance test intervals requires that
the failure data be broken down by the type of failure so that failure
parameters suitable for use in a time-dependent unavailability analysis

| code, such as FRANTIC (Reference 4) or SOCRATES (Reference 5), can be
used. These codes evaluate the unavailability reduction obtained from
testing compared with the unavailability increase resulting from
realigning the system or test-caused failures that must be repaired. It

is not within the scope of this report to repeat the technical aspects of
using these codes.

The quantitative analysis must account for the practical aspects of
proposed testing strategies and of the administrative requirements of the
plant. The appilcation of the methodology requires engineering judgment
and close coordination with the groups responsible for accomplishing the
surveillance. The application to the excore nuclear instrumentation
safety channel drawers provides an excellent example of the types of
analysis that can be beneficial when trying to establish a rational
testing program.

,

1
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3. EVALUATION OF TEST EFFECTIVENESS

3.1 SYSTEM DESCRIPTION

3.1.1 GENERAL

The excore. safety channels are adequately described in the applicable |

sections of the Southern California Edison Company (SCE) system ;

description. 50-5023-470, Revision 0 (Reference 6), entitled "Excore |
'

Nuclear Instrumentation System." The main functions of the safety
channels are to

e Provide an assumed OV to 10V output signal corresponding to the
'neutron flux power to the plant protection system (PPS) for the high

linear power trip (110%) and pretrip and the high log power trip
(0.83%) and pretrip. |

e Provide three individual subchannel OV to 10V output signals
corresponding to the neutron flux output to the core protection
calculator for use in the low departure from nt, clear boiling ratio
(DNBR) trip and the high local power density (LPD) trip algorithms.

o Provide four channels of reactor power indication for the main
control room over a range from 10-8 to 200% (logarithmic) and from
0% to 200% (linear).

o Provide a signal to activate the loss-of-load reactor trip circuit at
,

*55% power.

The excore safety channel comprises two subsystems that are built into
the same drawer and that share the same power supplies and detectors.
These subsystems are

e Linear Power. The linear portion of the safety channel uses three
vertically stacked fission chambers with no preamplification. The
DC milliampere output from the detectors is converted to a OV-to-10V
output signal inside the drawer by an I/V (current-to-voltage)
converter and then is summed and averaged to provide an overall -

linear power level signal. The average voltage output is fed to the '

PPS for the high linear power trip and to the control room recorders.
for power level indication. In addition, this signal provides input
to the core vibration monitor and to the 55% loss of load bistable.

The three individual detector output voltages are also fed to the
core protection calculators for determination of the axial shape :

'index and the calibrated excore power, which are used in the ONBR and
local power density algorithms.

e Logarithmic Power. The logarithmic portion of the safety channel [
uses only the middle detector output through a preamplifier to the
safety channel drawer. The safety channel drawer converts the

,

preamplifier output into a logarithmic power signal using logarithmic
'

!
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| count rate and Campbelling circuitry. This output signal is fed to
the PPS for the high logarithmic power trip. It is also used for
main control board indication of logaritMic power and startup rate.

3.1.2 SUBSYSTEM SAFETY FLNCTIONS

| Figure 3-1, taken from Reference 6, is a simplified schematic that shows
the subsystems of one excore nuclear instrumentation safety channel. It

also identifies which cables and devices are in the containment. in the
PPS cabinets themselves, and in the control room. The excore safety
channel is fully described in the General Atomic Vendor Technical Manual

| (Reference 7).

Table 31 summarizes the contributions of the subsystems to the extore
nuclear instrumentation safety channel functions under various moces of
operation and power levels. Following the discussion in Section 2. the
safety function of the system is to provide voltage indication of neutron
flux to the PPS and core protection calculator (CPC) to trip the reactor

,

'

during an uncontrolled control element assembly (CEA) withdrawal,
overpower transient, or other defined operational occurrence to prevent
exceeding the fuel design or reactor coolant system design limits. Four
power conditions are chosen as being representative of the range of
conditions for which they provide a safety function. Conclusions that
may be drawn from the table are summarized below.

3.1.2.1 Logarithmic Power Channel

The primary safety function of the logarithmic power channel is to ensure
the integrity of the fuel cladding and reactor coolant system (RCS)
boundary in the event of an unplanned criticality from the shutdown
condition. If all of the CEAs are inserted, an alarm alerts the

operators to the possibility of a boron dilution incident. In the event
that the CEAs are withdrawn, a high logarithmic power trip will allow
them to reinsert. The most likely time that this will occur is during
startup operations.

The logarithmic power circuit also provides the signal for the rate of
power change alarm. When the power is low, the alarm from the rato
circuit may provide sufficient time for an operator to react ortor to'

other trips. These power levels are experienced primarily during reactor
startup.

!

At operating power levels, the logarithmic power channel provides no
safety function. However, it does provide a backup indication in the
control room for the linear power level.

3.1.2.2 linear Power Channels

The linear power amplifiers and associated circuitry provide the primary
rafety function of the nuclear instrumentation safety channel when the

| reactor has more than .837. power. They provide the proper voltage to
trip the reactor and prevent exceeding th? fuel design limit during ;

overpower transients and define operattoral occurrences during ascent to j

power and normal operations. |
!
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IABtt 3-1 (continued)

ShreL Z_mL ?

c) Power Level Reactor Reactor
50% Power 100% Powergj Shutdown Startup
(mode I) (mode il

05 Safety function (modes 3 through 6) (mode 2)
3
i[ 55% Bistable Enables Light "off" indicates Light "off" indicates Close to activation Light "on" indicates

73 Loss of toad Trip that LOL trip bypassed. that t0L trip bypassed. setpoint. that LOL trip active.

Linear Channels
(individual)

Core protection Bypassed below 15% Bypassed below 15% Input for power level Input for power level
Calculator for: power. power, and axial shape and amial shape

calculations. calculations.

o High local Power
Density trip Both trips required to Both trips required to

> 21 kW/ foot prevent esteeding fuel prevent exceeding fuel
e Low DNBR frip < l.31 design safety limits. design safety limits.

_.

Notes:

1. Trip function reference: NUREG-0741. Technical Specifications, San Onof re Nu(lear Generating Station. Unit No. 2. Docket
No. 50-361. Appendia A to License No. NPF-10. Amendment No. 88.La

I
un

2. Other references: Technical Specification Surveillances (summarized in Appendia B).
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1,

The linear channels have only a backup safety function until the
logarithmic high power trip is bypassed.

3.1.2.3 Trio Bvoass Bistables i

:

The 10 4% bistable activates the logarithmic high power trip as reactor
power falls below 10-4% of full power. In all credible scenarios, the
reactor will continue to the source range Ower, so the exact power level
of this setpoint is not critical to its safety function.. In addition,

,

the operator can verify activation of the logarithmic high power trip on
shutdown. Therefore, the exact setpoint of the 10-4% bistable is not
critical to the safety function of the channel as long as the activation
of the function is verified. |

f

The 55% bistable activates the loss of load trip. This circuit trips the
reactor on turbine trip when the reactor power exceeds the capacity of >

the steam bypass control system. Since the reactor is not expected to
operate at 55% power for extended periods, the exact setting of the
bistable is not critical. The bypass is verified by the operators when
passing through the power level, and the status of the bypass is
indicated in the control room on a continuous basis. Therefore, the
exstt setpoint of the 55% bistable is not critical to the safety function
of the channel.

3.2 CURRENT TEST PROGRAM

The current surveillance program of the excore nuclear instrumentation
safety channels is directed toward satisfying the requirements of .

| Table 4.3-1 (Reference 8) of the technical specifications, which outlines
,

the surveillance requirements _for the reactor protection
instrumentation. Appendix A is a copy of this table. Understanding the
definitions of those requirements and how they are currently met will ;

assist in identifying unnecessary testing.

3.2.1 SUPNEILLANCE TEST CONTENT

Table 3-2 presents the definitions contained in the SONGS technical
specifications. The channel check and channel functional test
definitions are straightforward, but the channel calibration definition

,

is subject to interpretation that can significantly affect the procedures |
meeting its requirements. Two interpretations are important for this

,

evaluation: I

e The first sentence of the channel calibration definition states that <

'

the excore nuclear instrumentation safety channel calibration shall
verify that the output voltage from the channel responds to known
values of the parameter that the channel monitors. This implies that ;

it is not necessary to verify calibration of supporting or partial i

subsystems if overall channel response can be verified with the I

necessary range and accuracy.

!
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TABLE 3-2. SURVEILLANCE TEST DEFINITIONS
(Source: Reference 8) | |

|

! l

CHANNEL CALIBRATION | |

1.4 A CHANNEL CALIBRATION shall be the adjustment, as necessary, of
the channel output such that it responds with the necessary range and j
accuracy to known values of the parameter which the channel monitors.
The CHANNEL CALIBRATION shall encompass the entire channel including !'
the sensor and alarm and/or trip functions, and shall include the

CHANNEL FUNCTIONAL TEST. The CHANNEL CALIBRATION may be performed by
any series of sequential, overlapping or total channel steps such that -

the entire channel is calibrated.

CHANNEL CHECK

'

1.5 A CHANNEL CHECK shall be the qualitative assessment of channel
behavior during operation by observation. This determination shall t

Iinclude, where possible, comparison of the channel indication and/or
status with other indications and/or status derived from independent !

instrument channels measuring the same parameter. j

CHANNEL FUNCTIONAL TEST

1.6 A CHANNEL FUNCTIONAL TEST shall be:

a. Analog channels - the injection of a simulated signal into channel
as close to the sensor as practicable to verify OPERABILITY |

including alarm and/or trip functions, i

b. B1 stable channels - the injection of a simulated signal into the [
sensor to verify OPERABILITY including alarm and/or trip functions.. |

1

c. Digital computer channels - the exercising of the digital computer !

hardware using diagnostic programs and the injection of simulated |
process data into the channel to verify OPERABILITY.

.

,

:
!

i

>

i

!
>

>
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o The input is required to be a known value of the parameter that the i

channel monitors. The channel monitors neutron flux, but a known
source of neutrons is impossible to obtain in an operating reactor. >

so the detectors are specifically excluded from the requirement. The ;

existing procedure uses a calibrated current source to simulate
detector input to the safety channel. However, there is an alternate
means of producing a (nown current input to the channel, the linear
calibrate circuit. The interpretation of tne definition should
account for the fact that a secondary standard is already being used.

The use of a secondary standard to simulate a known signal is
somt! times referred to as " transfer calibration." A " transfer '

calibration" results from an initial calibration using a National
Bureau of Standards calibrated instrument or device. Then, the
initial calibration is used as the standard for other applicat!ons.
This concept is used for the radiation monitoring instruments and has
been applied successfully in the following tests:

e 501-11-1.14 Unit 1 Wide Range Gas Monitor 92-Day Test ;

e Palo Verde Monthly Nuclear Instrumentation Safety Prawer
Calibration Test

The equivalence of the known current source and the linear calibrate ;

circuit as input signals to the linear amplifiers will be discussed
in Section 3.3.5.

3.2.2 SURVEILLANCE REQUIREMENTS |

The excore nuclear instrumentation safety channels provide input to the
'following functional units of the RPS:

Functional Unit Description
,

2 Linear Power Level - High ;

3 Logarithmic Power Level - High :
9 Local. Power Density-High

10 DNBR-Low
18 Loss of Load |

!
,

The surveillance tests that currently meet the technical specification ;

requirements for the excore nuclear instrumentation safety channels are
~

given in Table 3-3. A brief description and breakdown of the tests is
,

given in Appendix B. Appendix C summarizes how these tests check the ;

functioning of the various subsystems and components of the excore !

nuclear instrumentation safety channels in satisfying the surveillance {
!requirements.

!

<
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TABLE 3-3. REVIEW 0F EXCORE NUCLEAR INSTRUMENTATION TECHNICAL
SPECIFICATIONS VER$US COMMITMENTS (Present)

Technical SCEg g) ResponsibleSpecifications Frequency Surveillanceg g, g,, pSection Number

I

4.3 1 Number 2
Linear Po er Chaanel CheCh 5 5021-3-3.25 OPS *
Level High

Chaenel D 5023-3-3.2 OPS
Calibration

M $023-II-5.5 I&C**
through 5.8

0 5023-II-5.5 I&C
through 5.8

R 5023-!!-5.1 I&C
through 5.4

Channel M 1 5023-11-1.1.1 I&C
Functional through
Test 1.1.4

2. 5023-II-5.5 I&C
through 5.8

4.3-1 Number 3 Channel Check 5 5023-3-3.25 OPS
Log Power Level
High

Channel 9 5023-II-5.1 !&C
Calibration through 5.4

Channel M 1. 5023-II-1.1.1 I&C
Functional through 1.1.4
Test

2. 5023-II-5.5 I&C
through 5.8

5/U 5023-II-5.5 IEC
(if more through 5.8

.

than 7 days
since last
test)

_

*0P5 m operations.
**ILC z instrumentation and control.
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Table 3-3 shows that two tests currently satisfy the requirements of
the channel functional tests of both the high logarithmic power
and the high linear power trips with slightly different approaches.
Procedures S023-1I-5.5 through 5.8 uses both a known corrent source and
the linear calibrate circuit to simulate 0 and 2007. power level input to
the channel and verifies OV and 10V output to within the required i

accuracy, but it does not verify trip actuation. As one of a series of ;

PPS checks. Procedures SO23-II-1.1.1 through 1.1.4 uses the linear trip
test potentiometer as the channel input and generates a variable output
voltage from the channel to verify that the high logarithmic power and

,

linear power bistables trip at the proper voltages. !
,

The focus of this analysis is on Procedures 5023-II-5.5 through 5.8, |" Nuclear Instrumentation Safety Channel Drawer A through D Test - Linear ;

Power Subchannel Gains - Channel Functional and Channel Calibration ;

(31-Day interval; startup)." The consensus of plant personnel is that '

this test does not reflect a proper balar.ce between the benefits obtained |
from revealing failures and the liabilities resulting from test-caused '

degradation and failures. ,

3.2.3 OPERATIONS AND ADMINISTRATIVE REQUIREMENTS }

Table 3-4 summarizes the steps required to accomplish the monthly nuclear !

instrumentation safety channel test. SONGS has placed great emphasis on {
quality control. A permanent record of each test is maintained in the ,

plant files, and the San Onofre Maintenance Management System (50 MMS) is i
used to record and maintain a detailed history of all surveillances and j

maintenance activities. The administrative tasks and coordination i

necessary to make this system the extremely useful tool that it is !
require a considerable amount of effort. In addition, there are !

administrative controls to ensure that two different technica! groups do j
not work on the RPS at the same time. ;

1

Table 3-4 shows that the actual test is only a small portion of this i
effort. Given this administrative requirement plant personnel are
trying to minimize the number of different tests that must be tracked.
For example, quarterly calibration requirements for the nuclear
instrumentation safety channels were made part of monthly tests with the
idea that it is more efficient to accomplish a few extra steps each month i

than to coordinate and keep administrative track of two different tests. .

Recommendations will recognize these practical considerations. !

Bypass time is an important parameter for risk-based quantitative
evaluations. 01scussions with plant personnel indicate that a safety j
channel is normally bypassed from 1 to 4 hours for the test, with the j
average being artout 2 hours, j

i

3.2.4 OBSERVED FAILURES .

An indication of the effectiveness of the current program of operational f
checks and surveillance tests may be obtained from the operational !

history of the excore nuclear instrumentation safety channels. 50 MMS |provides a detailed history of the types of-failures or degraded
conditions observed in the safety channel drawers and the manner by which
they were detected. This database contains a record of all surveillance

t
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TABLE 3-4 MAN-HOUR ESTIMATE FOR PERFORMANCE OF A
REPRESENTATIVE NUCLEAR INSTRUMENTATION 31-DAY SURVEILLANCE

(5023-II-5.5 through 5.8)

Sheet 1 of 2
i

Action Estimated |Number Activity
By Man-Hours

,'1 Prepare Maintenance Order Instrumentation 0.5
and Control
Planner !

2 Schedule Maintenance Order Instrumentation 0.5 !
'

and Control
Scheduler !

3 Write Work Authorization Request Instrumentation 0.5
(NAR) and Cor. trol ,

Scheduler |

4 Approve NAR Planning and 1 ;

Control (PAC) i

>
'

5 Gather Equipment Instrumentation 2
and Control .

'

Technician
:

6 Prepare Surveillance Package and Instrumentation 2 :
'

Transfer Data and Control
Technician ;

i

7a Pick Up WAR (performed con- Instrumentation 1 ;

currently with 7b) and Control
Technician ,

7b Issue WAR and Set Up Operations 1
;

8 Perform Test (channel bypassed Instrumentation 6 |
for 2 hours) (three men, two and Control i

'

locations, and dual verifications Technician
required) !

!|9 Operations Support System Operations 0.5
Restoration -

'

!
10a Turn in WAR (performed con- Instrumentation 1

currently with 10b) and Contro! 3

Technician-

I

: i

i
;
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TASLE 3 4 (centinued)

Sheet 2 of 2
Action Estimated

Number Activity
By Man-Hours

10b Close HAR and Declare " Operable," Operations 2

Including Performing Channel
Check

11 Documentation Cleanup Instrumentation 1.5
and Control
Technician

12 Review Surveillance Instrumentation 1

and Control
Supervisor

13 Computer Entry Instrumentation 0.5
and Control ,

Aide

14 Close WAR PAC 0.5

Total 21.5

% Man Hours Surveillance (actual) 6

% Man-Hours Administration and Surveillance " 21.55 " ' '9
.

,
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tests and all maintenance orders resulting from failures since the
initial use of SOMMS in 1983.

The faults observed in the nuclear instrumentation safety channel drawers
are given in Table 3-5. Each fault is assessed by the authors with
-espect to the type of failure mechanism involved (see Section 2.4.1) and
its probability to result in a failure of the channel to produce a trip
signal when a trip condition exists. This failure assessment conforms to
the criteria of the quantitative model assumptions discussed in

Section 4.1.2.

Of the 40 events recorded, only 11 resulted in an inoperable channel, as
indicated by an assessed failure of 1.0. Of these, six were either
test-caused or resulted from human error during a test. Of the remaining
five, three were detected by monitoring. A fourth was found while
satisfying the startup test requirement for the log circuits, but the
indications available in the control room would have also revealed the
failure. The fifth was revealed following a shutdown when the linear
channel indicated 80% power.

It is significant that all six of the test-caused and human error
failures were associated with cable connections to the back of the safety
drawer. These data indicate that methods of satisfying the survaillance
requirements of the technical specifications without the requirement to
pull the drawer would be highly beneficial.

Only two events involving standby mechanisms, as defined in Section 2,
resulted in total failure of the safety channels. First, on December 19,
1983, the channel D logarithmic power circuit on Unit 2 was found to be
inoperable when the monthly test was performed to satisfy startup
requirements. The assignment of one-half of the failure to monitored and
one-half to standby mechanisms accounts for the fact that the failure was
also revealed on the log channel indicators in the control room and could
have been detected during the operator's startup procedures. The second
failure (Unit 2, channel C, linear amplifter A-12 reads 80% in Mode 3,
October 7, 1983) was detected by operators with control room instruments
following a shutdown. The assignment of one-half of the failure to
standby mechanisms conservatively accounts for the hypothesis that the
channel could have been in an undetected failed state prior to shutdown
and may have not responded to an upward power trend. It is important to

note that a monthly test was not responsible for revealing this failure
although it is assumed that, had a test been done at this time, it would
have detected the failure.

Of the remaining recorded events, five involved the logarithmic calibrate
circuits. Three were faults for power levels above the range of safety
function applicability. The fourth was an out-of-specification reading

in the test card. These faults are judged to have minimal impact on the
safety function of the channel. The fifth activated a CEA prohibit,

which prevents startup.

Four events involved out-of-specification power supplies, of which three
were revealed by the monthly nuclear instrumentation safety channel
surveillance. Two were very close to the tolerance limit, while the ,

i
i
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TABLE 3-5. SAN ON0FRE UNITS 2 AND 3 EXCORE NUCLEAR INSTRUMENTATION
SAFETY CHANNEL FAILURES THROUGH AUGUST 1988

Ch Date Subsystem Deviation Detection function Assessed Chantwl l'aeluees Itepa s Ma.nt Mo rudes
Method Affected Standby Monitored Test fluman Gloue s llouss

Caused E rior
t

2A 06/30/85 I og Col Pos 6 Out Of Specifscation MontNy None 0.0 1.0 8506340000) '

2A 10/24/85 Log Power Cable Induction Operations Log 1.0 0.5 85102293000
2A 07/18/88 tog Col Activate CEA ProNbited MontNy None 0.0 1.0 88070838000
28 02/06/84 Ch A-12 .OOSV Below Specification MontNy tineer O.1 12.8 84003102000
2B 06/24/84 t og Cal Out Of Specification MontNy test card OO 30.0 84061283000
2B 01/02/85 unoer Summer Inoperable Operations Lineer 1.0 7.5 85010 30000
2B 12/02/05 Log Power Broke HV Cable MontNy Both 1.0 4.0 85120138000
2B O2/07/86 15 VDC At 15.219V DC MontNy Both 0.1 2.1 86021127000
2B 06/11/86 Lineer Power Chennel 2% High Operations Lineer 0.0 8.0 86061090000
2B 11/05/86 15 VDC At 14.77V DC CPQ Trip Both 0.1 6.0 86102123000
2B 11/16187 Recorder Reeds High MontNy No Direct 00 2.0 87110546000
28 04/21/88 174 Bestable Out of Specification MontNy None 00 3.0 88041418000
2C 10/07/83 Ch A-12 Reeds 80% in mode 3 Shutdown Lineer 0.5 0.5 16.4 83707354000
2C 07/01/85 Log Cal Pos 6 Out Of Specification MontNy None 0.0 2.2 85070003000
2C 10/16/87 Test Circuit AC Powee Fuses Blew MontNy Both 1.0 24.0 87101267000

y 2C 03/03/88 10-4 Bistable Out of Specification MontNy - None 00 0.3 88022525000 '

.-. 2C 04/27/88 fkte Bistable Out of Specification MontNy None 0.0 30 88031341000~
'# 2D 12/19/83 Loc Power Inoperable Startup Log 0.5 0.5 25.0 83714124000

2D ' 03/12/85 loc Power Connector Failed MontNy Log 1.0 39.5 85031222000
2D 04/12/85 Los Power Lead Connection Startup Log 1.0 72.1 85041232000
20 07/07/95 Lag Cal Pos 6 Out Of Specification MontNy None 0.0 1.5 85070076000
20 07/15/86 Les Col Pos 4 Setpoent Unkown Log 0.1 86071262000
20 12/04/87 tJneer Power Out of Specification MontNy Lineer . O.1 30.0 87112721000
3A 05/15/84 104 8estable Roset NA None 16.0 84051271000
3A 11/26/84 AC Power Short to Ground MontNy Both 1.0 27.4 84112705000
3A 04/28/85 15 VOC Power At 14.78V DC MontNy Both 0.1 10.4 85042727000
3A 11/14/85 leg Preemp Reeds High CPC Test Log 0.1 10.7 85111781000

.

3A 03/07/86 15 VDC Power Nog -14.30V DC MontMy Both 0.1 9.5 86023262000 !

3A 09/04/86 Ch A-11, A-12 9.938V DC et 200% MontNy Lineer O.1 3.0 86090373000
3A 03/19/87 Lin Pwe Meter Reeds Low by 4% Operations - None 0.0 9.2 87031749000 <

3A 11/30/87 Ch A-10. A-11 Out of Specsfication MontNy Lineer O.1 0.2 87110983000 7

38 03/13/86 Lkwar Power Conn P-8 Shorted MontNy 1inser 1.0 3.3 86031299000
38 02/12/87 15 VDC Power Overcunent Prot Operations Both 1.0 6.9 87020871000
38 12/06/87 55% Bestahle Setpoint Out of Specification Monthly None 00 4.0 87111684000
3C 09/04/86 Lineer Powee Protrip Setpt Change NA None 1.0 86090327000
3C 10/11/86 T%t Circuit Fail to Energire MontNy None 0.0 6.0 87100115000
3C 07/06/88 Re: order Found Tumed Off MontNy No Direct 00 19.0 88062268000

05/25/85 Ch A-10 10.061V DC et 200% . Monthly . Lineer O.1 1.7 8505246000030 -

30 09/08/86 Lineer Power Pretrip Setpt Change NA None 1.0 86090328000
30 08/06/88 Ch A-10 Out of Specification MontNy tineer O.1 11.0 88070831000

Total Total Total Total Average Average

Ch = Channel 20 4.1 60 0.1 14 0 81
,

!

t
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third was 0.7V below the nominal. There was no discrepancy in channel i

output observed before the test, so it is judged that these faults would !
have only a small likelihood of preventing the channel from producing a '

trip signal at the proper power level. The assignment of fractional
standby failures of 0.1 to these events reflects what is believed to be a ,

e

conservat''e assessment of the likelihood that they would in fact result
in a fall e of the safety function. Since surveillance tests are

,suspended until a discovered fault is corrected, data on the response of j

the channels under degraded power supply conditions are not available in ,

the test data. However, it should be noted that these conditions were
not sufficient to cause out-of-specification readings during channel
checks by operators prior to the tests. The fourth power supply fault ;

was listed as a potential cause of a spurious CPC trip. An
,

cut-of-specification power supply was found during the investigation of !

that event.
,

t
'

There were seven instances of out-of-specification individual linear
channels. These are judged to slightly change the power level'at which '

the high power trip would occur, but have only a slight likelihood of
,

making the trip safety function occur at a power level that would
increase the risk of core damage. "ractional failure assessment '

reflects this judgment.

?
Finally, 17 events were judged not to be functional failures, but !
required the channel to be bypassed for maintenance. .

Based on the observed failure data and the manner in which they have been _|
detected, it appears reasonable to conclude that the monthly surveillance j
tests have revealed relatively few potential failures. In contrast, they ;

have been a major contributor to failures actually observed in the safety |
channels,

j

3.3 EVALUATION OF POTENTIAL MODIFICATIONS OF PROCEDURES S023-11-5.5
THROUGH 5.8 WITHIN CURRENT TECHNICAL SPECIFICATIONS |

The preceding sections have discussed a variety of considerations that I

may be taken into account in establishing a risk-based approach to meet
the current plant technical specifications. This'section makes specific ;

recommendations for the testing of the various subsystems and individual t

channels in the excore nuclear instrumentation safety drawer based on [those discussions. Before addressing each part of the test, a few !
general comments will be made.

'

t

First, a majority of the failures that resulted in an inoperable channel j
were the result of sliding out the safety channel drawer and removing !

connectors to accomplish tests. As a result, there is strong ,

justification for developing procedures that can accomplish the
equivalent of the existing tests without requiring that the drawer be

,

disturbed. The design of the drawer has provided calibration and ;

functional test circuitry with access on the front panel, and these
should be used if it can be shown that they will not increase the e

potential for failures.

3-15
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There' appears to be sufficient overlap between the ercore nuclear |
instrumentation safety channel test and the PPS test to warrant
censolidation. This will require that the steps necessary to satisfy "

both the overall and subchannel calibration requirements be added to the
PPS test. There appears to be reasonable justification forLaccomplishing
these checks without removing the safety drawer from its tray, so the >

change will not involve much additional time or many steps. However, it i
coes slightly divert the PPS test from its primary purpose and may not be i
desirable from an administrative point of view.

Changes in the surveillance interval or type of surveillance that require ,

a technical specification change will be addressed in Section 4 -

Specifically, the failure data support an extension of the nuclear .

instrumentation safety channel test interval to 90 days. At this -[
extended interval, it may be administratively advantageous to retain a |separate test for the nuclear instrumentation safety channels. However,
the recommendations below for simplifying the procedure would also apply !

at the quarterly test interval. *

'

As outlined in Appendix B. Procedures 5023-II-5.5 through 5.8 address the
functioning of all its subsystems and components in a series of test
sections. These will now be addressed individually.

,

3.3.1 SECTION 6.2.1 - POWER SUPPLY CHECKS

3.3.1 1 Recommendation j
t

Delete performance of this check for both the 215V and 800V power
,

supplies on a monthly basis. |
,

3.3.1.2 Justification
>

The power supply is currently aligned on an 18-month basis. Low voltage
of the 800V power supply is annunciated in the control room. Power ,

supply voltage is a support function with no direct output to other
systems. Therefore, there is no specific technical specification !

requirement to verify its accuracy on a 31-day basis. Although the
15V DC power supply has been found to be out of specified voltage range ;

during monthly tests, the acceptable accuracy of the amplifiers that they-
power provides adequate evidence that the power supplies have not drifted ;
significantly. If they were to drift excessively, the linear subchannel '

gain would not be in tolerance. Finally, checking power supply voltages
'

requires opening the safety drawer, which increases test-caused
failures. In light of the above discussion, elimination of the power
supply checks from the monthly tests would be consistent with |
recommendation 2 of Reference 1 (see Table 2-1).

*

NOTE: At Palo Verde, the power supplies are checked on an 18-month
Interval (see Appendix D). The following information provided by '

Palo Verde may also be useful. An analysis program was conducted
of a single drifting 215V power supply, and the root cause was ;

found to be a buildup of dust on the voltage adjustment
potentiometer. This can be reduced significantly by " wiping" the
potentiometer during the 18-month calibration. Rotating the
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poteiutometer all the way clockwise, then counter-clockwise,
successfully minimizes the buildup of dust in the contact

'

surfaces. It is recommended that this be added to the SONGS
18-month surveillance (5023-11-5.1 through 5023-II-5.4). !

3.3.2 LOGARITHMIC POWER CIRCUIT
;
'This check satisfies both the monthly and the startup fJnctional test

requirements. Each requirement will be addressed.

3.3.2.1 Recommendation r

e Monthly. Take credit for the functional test accomplished by
5023-11-1.1.1 through 1.1.4.

o Startup. Only a functional test is required, which can be satisfied i

by verifying a proper response to the signal generated by the log
trip test potentiometer located on the front panel. Recommend that -

this test be accomplished by the Operations Department during i

;startup, or, alternately, that the startup test requirements for the
I&C procedure be changed to require just the functional test using i

the controls provided on the front panel. Add the necessary steps to '

Operations Procedures 5023-5-1.3 and 5023-5-1.3.1.

e Discrepancies. If discrepancies are observed and a maintenance orde_r i

is generated, accomplish the applicable portions of the 18-month |
surveillance, 5023-11-5.1 through 5.4, to verify operability before !

returning to service. I

3.3.2.2 Justification .

;

At power, the logarithmic power cnannel is only a backup reading in the
control room. The linea- cnannel provides the automatic trip signal. j

f

Since functional testing requires only operability determination,
including alarm anc/or trip functions, the PPS 31-day test currently ,

satisfies this reautrement. j
r

If any adjustments or calibrations are required because of an
out-of-tolerance condition, the Instrumentation and Control Department i

should be notified. The adjustments or recalibrations will be performed :

by the instrumentation and control technicians. !

10 4. BISTABLE CHECK |3.3.3 HIGH LOG POWER MIP ACTI'/a' ION. 7
I

3.3.3.1 Recommendations
'

e Verify that the bistable activates as part of the operations shutdown
procedure.

Verify the setpoint of the bistable as part of the 18-month nuclear |e
Instrumentation calibration, but eliminate it from i

5023-11-5.5 through 5.8 and 5023-11-1.1.1 through 1.1.4. !

|
.
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3.3.3.2 Justification
,

It was shown in Section 3.1.2.3 that the exact power level of the
setpoint is not critical to safety. The bistable is used to activate the

arithmic power trip on shutdown, not cause the trip itself. At
highlog%powerlevel,thereactorwillbeshutdownandtheneutronthe 10- ,

*power reflects the radioactive decay of delayed neutron precursors. Only
one incident of setpoint drift and no failures of these bistables have ;

been found in SOMMS events. Therefore, the setpoint calibration check in ;

the 18-month test is judged to be sufficient verification. This is ,

consistent with recommendation 5 of Reference 1.

It is important for operations to verify activation of the trip circuit
as the power level passes through the setpoint. range. Indications are.
available in the control room, and activation of trip circuits will be
verified independently of setpoint verification. This verification ;

should be included in the shutdown procedure.

3.3.4 SECTION 6.2.4 - RATE CHANNEL
1

3.3.4.1 Recommendation ;

e Monthlv. Change this section to provide a functional test of the |

rate circuit using the rate trip test potentiometer and meter on the
front panel, or add the equivalent test steps to the PPS monthly test. ;

e Startup. Add a requirement to verify the operation of the rate alarm !

to Procedures S023-5-1 3 and 5023-5 '. 3.1, using the rate trip test
control and meter indication on the front panel of the safety drawer,
prior to each startup..

3.3.4.2 Justification
i

Since the rate circuit crovides only an alarm with minimal safety impact, !
'the precision of the current test is judged to be unnecessary. The

channel functional test requirement can be adequately satisfied with
circuits designec into the safety channel for this purpose. ;

NOTE: As discussed in Section 3.1.2.1 and Table 3-1, the effectiveness i

of the high power rate change alarm is primarily during startup. !
When the reactor is at operating power levels, there will be too ,

little time to react to the alarm and too many other indications i

dominating the operators' attention for.the rate alarm to have a
,'significant imoact on their miticating actions. Therefore,

functionally testing :..e aiarm as part of a startup procedure,
while eliminating this requirement from any monthly surveillance '

test while at power, is reasonable. The current technical :

specifications do not specifically mention the rate alarm. |However, it has conservatively been included as an alarm !

associated with the high logarithmic power trip. Elimination of
this check would require a reinterpretation of the technical
specifications, but is consistent with recommendation 5 of
Reference 1.
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3.3.5 SECTIONS 6.2.5 THROUGH 6.2.9 - LINEAR CHANNEL AMPLIFIER, SUMMER,
AND OUTPUT BUFFER CHECKS |

3.3.5.1 Recommendation
!

The linear channel requires both a monthly functional test and channel
calibration. The recommendations follow. |

3.3.5.1.1 Channel Calibration

Eliminate this requirement from the existing nuclear instrumentation j
monthly test. Add the channel calibration steps to the PPS 31-day -

functional test. Use the " linear calibrate" potentiometer on the front
of the nuclear instrumentation drawer to verify calibration for "zero" <

and "200%," while reading the output on both the remote operator module [
(ROM) (for individual amplifiers) and the PPS-installed voltmeter (for
summed output). f

3.3.5.1.2 Functional Test r

!

Take credit for the PPS monthly test, Section 6.6.
i3.3.5.1.3 Linear Subchannel Gain

Add the verification of the linear subchannel gains to the PPS 31-day
,

functional test. Use the " linear calibrate" potentiometer to verify the '

channel calibration, while reading the output on the ROM indication in :
'the main control room.
f

3.3.5.2 Justification ;

'3.3.5.2.1 Channel Calibration
.

Currently, the procedure uses a calibrated current source to simulate a [
known value of the parameter that the channel monitors. This is '

consistent with the calibration requirement since the detector puts out a i
'direct current. However, this requires opening the safety drawer and

disconnecting the detector input to accomplish.

The safety channel drawer design provides a calibrate circuit that
injects an equivalent current into the linear amplifier from a calibrated !

voltage loop. The calibrated current source is currently used to set
calitrate circuits with the values used to establish the shape-annealing }

!matr?x elements in the core protectio 9 calculators during the 18-month
calibration, making the calibration circuit a known source. The .

'cliibrate circuit signal is injected at the input jack, as shown in
figure 3-2. This results in an equivalent input signal to the linear
amplifier that is judged to satisfy the requirements of the technical
specifications.

Tre recommendation in Section 3.3.5.1.1 includes a complete channel
calibration with the same verification points as the existing 31-day
test. The ROM indication in the control room can measure the voltage ,

being input to the CPC to within 0.005V. This is well within the 0.05V t

,

.
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acceptance criterion of the channel calibration. With these supporting {
arguments, the concept of transfer calibration, which was discussed in
Section 3.2.1, can permit calibration by using controls on the front
panel without opening the safety channel drawer. ;

This application is further justified because
r

o Offsetting errors in the calibrate circuit and amplifier thr would ;

mask amplifier problems are highly unlikely.

e The correlation of the current source to neutron flux cannot be
directly established. This is recognized in the technical
specifications by note 4 of Table 4.3-1, which excludes the neutron
detectors from the channel calibration requirement. See
Section 3.2.1 for a further discussion of this point.

If a discrepancy is found, the drawer can be opened, repaired, and. ,

checked with a calibrated current source by using applicable portions of -

the 18-month calibration.

3.3.5.2.2 Functional Test

Existing nuclear instrumentation and PPS surveillance overlap in meeting
this requirement.

,

3.3.5.2.3 Linear Subchannel Gain

The intent of technical specification note 3 is to ensure that the
'

postrefueling outage adjustment of milliampere input to voltage output
correlation is still in calibration with no drift or degradation. As
stated above, the 0% and 200% positions for the " linear calibrate"
potentiometer are adjusted prior to startup after refueling to provide a
calibrated value of milliamperes to the amplifier required for the
shape-annealing matrix of the CPC.

t

3.3.6 SECTION 6.2.10 - 55% BISTABLE, LOSS OF LOAD TRIP ACTIVATION ,

3.3.6.1 Recommendation

Verify that loss of load trip circuit activates as part of startup j

procedures during power ascent. (Delete this section of the nuclear
instrumentation surveillance.)

3.3.6.2 Justification

The check in Procedure 5023-II-5.5(-5.8) is only a verification of the ;

power level at which the LOL trip circuit activates. It does not cause
the trip. Indication of the activation of the individual channel trips

are available in the control room. It was'shown in Section 3.1.2.3 that
the exact power level of the setpoint is not critical to safety, and
operations can verify the activation of the LOL trip as the power level
passes through 55%. In addition, no drift of setpoints or failure of

these bistables was found in 50 MMS events. Since the activation of the
i

|
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circuit is monitored, the calibration check in the 18-month test is -)
judged to be a sufficient verification of the activation setpoint. This |
15 consistent with recommendation 5 of Reference 1 ;

|

3.3.7 RECOMMENDED NUCLEAR' INSTRUMENTATION EQUIPMENT MODIFICATIONS- |

As.A result of the review of the nuclear instrumentation safety channel |
surveillances and the equipment failure modes, it is recommended that |
Raychem heat shrink sleeves be added over the field cable to'the i

j-connector mating at the back of the safety drawers. This will j
strengthen the connector support and minimize connector-related failures
in the future. This has been done, with good results, at Palo Verde. |

|
!

l,

s

;

i
,

.[

.

!

|

i

t
!

F

|

1

!
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4. OUANTITATIVE EVALUATION

4.1 OUANTIFICATION MODEL i

4.1.1 SYSTEM HODEL

Figure 4-1 is the fault tree model of the excore nuclear instrumentation r

'

safety drawers. As stated in the system description, four physically and
electrically separated channels provide voltage signals to the plant
protection system and the core protection calculator. A two out of four
coincidence of trip signals is required to generate a reactor trip
signal. Consequently, the channels will fail to provide the required

,

signals if three out of four channels are unavailable at the time an -

overpower condition reautring reactor trip occurs. This failure ,

criterion is expressed by the top event of the fault tree in Figure 4-1. -

The function that this report addresses refers to the availability of the i

hig5 power and high logarithmic rate of change parameters, which are just :
2 of the 13 types of trip parameters listed on page 2-3 of Reference 2. i

The scope is explicitly limited to testing policy for the circuitry that :

converts the current from the detectors into voltages suitable for use by j
the reactor protection system. Within the block diagram given in '

Figure 2.1-1 of Reference 2, reproduced here as Figure 4-2, the trip ,

'

parameters would be contained with RSP1 to RSP4, which represent the four
independent channels of the 13-trip parameter. Within this context, the j
fault tree is developed to the same level of basic events as Reference 2.

Because of the limited scope of this study, the unavailabilities
resulting from the fault tree are conservative since the cutsets |

resulting from the fault tree are not sufficient to fall the trip
parameter portion of reactor protection function. For example, a high

,

!

overpower transient.is expected to produce an over-pressure condition as I

well as an increase in neutron flux. To the extent that the diverse
parameters will respond to an initiating event, the cutsets for the trip
function will require more simultaneous failures or dependent failures. :

Consequently, the use of the partial fault tree will indicate a larger '

magnitude change in unavailability as a result of a change in the testing ,

policy for the NI safety drawers than will a complete model of the
reactor protection system.

The assumptions in Section 4.1.2 recognize the @ ntial for interactions
,

between the excore instrumentation safety drawers and other systems. i

However, since the safety drawers are individual pieces of electronic
equipment, the potential for these interactions are considered to be very

,

small and will not impact the decision regarding the testing policy. '

This judgment is supported by the review of industry failure data, which ;

found no common cause failures of the safety drawers and other systems.

4.1.2 ASSUMPTIONS ;

1. Failure of an individual excore nuclear instrumentation safety
channel is a failure to output the proper voltage during a power

4-1
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transient, resulting in a failure of that hannel to trip before the *

reactor pressure safety limit or fuel design limits are exceeded. ;

For the purposes of this analysis, the failure parameters generated ;

in Section 4.2 result in improper voltages of the magnitude that
would create these conditions.

2. Components that respond to the output voltage are considered to be '

outside the boundary of the system. They interact symmetrically with
the channels of the system and will not affect the Conclusions of
this analysis.

3. During testing, a channel is bypassed and unable to produce a trip
signal. This change in logic is modeled explicitly by requiring the
unavailability of a channel to be 1.0 while being tested.

4 Changes in the surveillance test frequency of the excore nuclea-
instrument safety channel will not increase the frequency of >

transient initiating events. An increase in test interval may '

decrease the frequency of inadvertent trips due to testing, so this ;

assumption is conservative. !

5. Interactions between the excore nuclear instrument channels and other ,

'systems by any means other than providing a proper output voltage, as
expressed by the system unavailability, are assumed to be negligible.

4.1.3 COMMON CAUSE FAILURES ,

Experience with redundant systems indicates that, despite their physical -

and electrical separation, the safety channels can be subject to common
cause failures. Therefore, in the model the unavailability of each
channel has contributions from an independent basic event and from all
combinations of double and triple common cause failures that can lead to
the failure of that channel.

| The methods by which common cause failures can be revealed depend i
strongly on the mechanisms that cause them. The data analysis in
Section 4.2 indicates that the likelihood of time-related standby
failures being due to common cause mechanisms is much smaller than for
demand-related failures. This is consistent with the difficulty involved
in hypothesizing a mechanism by which a common cause time-related failure
can occur in the excore safety channel drawers. It would have to create
a state in two or more active detector channels that would prevent them
from responding to an overpower condition but that would also remain 1

unrevealed by the CPC or control room indicators until the next |

surveillance test. This type of failure would be of sufficiently unique
origin that it is assumed that the potential for a common cause failure
would be investigated if such a failure were found on any one channel.
Therefore, the common cause failure is assumed to be revealed when any
one of the channels is tested.

4.1.4 EVALUATION OF SYSTEM. FAULT TREE J
i

The cutsets that result from the evaluation of the fault tree are given j
in Table 4-1, which is the input echo from the. SOCRATES code discussed in |

|
1
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The resultant generic ' allure parameter was 9.5 x 10-6 per hour with
5th and 95th percentiles of 7.6 x 10-6 and 1.2 x 10-5 per hour,
respectively. The remainder of this section describes how both the !

generic and site-specific data were interpreted to establish the
parameters associated with the four failure mechanisms described above

and modeled in the SOCRATES code.

The failure data used in Reference 2 to accomplish its update are given
in Table 4-2. A total of 12 failures were reported as a result of
10 events. Only eight events could be confirmed by querying the ;

electronic LER and NPRD5 that are on-line at SONGS. Of these, one event
'

(Milestone 2, 04/01/81, containment problem) did not involve a failure'of
the safety channel drawers. Of the remaining seven, five involved single
failures and two were classified as double-component common cause. ;

The data used by Reference 2 appear to be incomplete. For example,
failures have been recorded at SONGS 2 and 3 that were not included in i

the 12 failures. In addition, all the failures come from only three i

plants, indicating that there may be considerable plant-to-plant i

variability in the failure parameters. The 90% confidence interval given e

in Reference 2 for the Combustion Engineering plant-specific posterior |
distribution was based on an update with the total data from all of the
Combustion Engineering plants, resulting in a range factor of only 1.2.
Because of the uncertainties discussed above, it is judged to be

percentilesofthedistribution4.2x10g,and2.1x10-5perhour,
appropriate to widen the range factor to making the 5th and 95th

;

respectively, with a mean of 1.1 x 10-5 per hour. !
,

Although assumed to be standby failures, not all of the events in :
IReference 2 involve standby failure mechanisms. The descriptions of the

events provided by the LER and NPRDS queries provide guidance for
categorizing them into standby, demand, monitored, or test-caused for

,

input into the SOCRATES model. Table 4-2 shows that only three of the '

seven events for which a reference could be obtained indicated that they
could involve standby failure mechanisms. However, none of the three
involved a total loss of the channel, but, more likely, caused only a
slight change in the power level at which a trip signal would be
generated. Consequently, the likelihood that the channel would fail to
produce a trip signal due to this degraded condition is assessed at 0.1
per event. Thus, the three standby failures would produce a weighted i

equivalent 0.3 failures to trip. This is only about 7% of the total
assessed failure likelihood for the seven events for which a reference ;

However, as sho'n in Table 4-2, as a !could be obtained in Table 4-2. w

reasonable balance between the number of events and the assessment of #

equivalent failures to trip, 25% of the Combustion Engineering |
plant-specific posterior distribution is assigned to the standby failure i

irate parameter.

The remaining reported events do not involve time-related failures.
Estimation of test-caused failures and human error rates reautres the
number of tests in the data bank, and this information was not given in
the report. In its absence and in recognition that monitored
time-related failures are also possible, the C-E failure rate will be
apportioned equally among these three failure parameters to form the

4-10
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TABLE 4-2. PEER GROUP SAFETY CHANNEL FAILURE DATA

,

Uret Date Subsystem Feduee Dewatoon Mettmet type f unction A ssessed Refereme itemaek s i
'

Mode Detected F aduee stfetted I a. lure
t Aehtwod

Calvert C 06/01/81 Lin Powee A Fed to Operate Connector Open Staetup f est Caused t awee 1 00 tiR 38 7 81045
Calvert C 12/12/79 Lin Power B Out of Spec Asial Ftum Ottset MontNy Starmfby I meae O to tiR 3t8 79044 Cha.wwt ga.n miessted MO opened for etwntee
Coeveet C 08/20/81 lin Poww B Enatec Operosson inteen=ttent Signal Opeeat.ons Monitoeed i meae 1 00 tiR 318 81043

'
Coevert C 01184/88 Ch 7 Shepmo Out of Spec Dev from Cahmeines Dady Colt Morutored CPC 0 10 NPRDS Suspect ag.ng, refereme riot avadalde
Cetvert C 01121181 ChBShepme Out of Spec Dee Geom Cahmetncs Dady Cell Moemtoeed CPC 0 10 NPftDS Suweet some. eefeveme not ***dalde
Coevert C 02/02/94 tm Power ASB Out of Spec tin Amps A&B Dnft MontNy Standby t meas 6 20 NPftDS 840202-1 CCf assessed 2 s 01 pee chaevel

Mdestone 04/25/18 lin Power D Feded Low toose Cable Plus Stestup iluman Enoe teneae 1.00 t t R Ur*nown Refeience not avadatde
Mdistone 05/22/79 tm Power A&D Fed to Operate Open Connectees Startup Human f eros E meae 2.00 tf R 336-79052 CCF of two chaeuwis but not sit depeemient
Mdistene 10/23/80 lin Power D Fed to Operate Catdes Reversed Steetup Human iesor t meer 1 00 tiR 336 80036 ;3

e Mdestone 04/01/91 tmPowerD Out of Spec Centsevnent Protdem Monstdy Standby tinese 0 10 itR 336 81016 Repee nemt shutdown

w
Total Ecevolent Channel Fedures = 6 60

fieference Not Avadetdo = L20
Total Reference Avedeble = 5 40

Contediution of Stendby Fedures to Events for wfuch a Reference was Avedetda:

1. Percentose of Events

3/7 = 43%

2. Percentose of Assessed Channel Foduces To Produce Trip Seenet

.415.4 0 - 7 %

z

!
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prior of the plant-specific data. The data are converted by assuming one
demand per 30 days of operating time, using the equation

q - (A)(720 hour)/2

No failures of the logarithmic function were recorded in the generic
database. For the purpose of establishing a reasonable prior to estimate
this parameter, the logarithmic standby failure rate is assumed to be the
same magnitude as the parameter of the linear function.

The prior distributions resulting from the above analysis are given in
Table 4-3.

4.2.2 PLANT-SPECIFIC DATA

Table 4-4 is a compilation of the failure data presented in Table 3-5 to
provide plant-specific data for a Bayesian update of the generic data.
These data have been consolidated so that failure parameters for the
logarithmic and linear power functions can be calculated individually.
The results of the update are given in Table 4-5. This table shows that
the failure rates for the logarithmic function are very close to those of
the linear function. The overlapping 907. confidence intervals indicate
that any differences are insignificant. Of the two sets, the linear
power range parameters will yield the shortest test intervals since the
standby failure rate is slightly higher and the test-caused failure rate
is slightly lower. Therefore, it is considered to be more conservative
and will be used to represent both functions in the quantification.
These failure rates are good evidence that test intervals for the two
power-level functions should be kept the same.

4.2.3 COMMON CAUSE PARAMETER ESTIMATION

As discussed in Section 4.1, redundant systems are subject to common
cause failures that can disable two or more safety channels
simultaneously. Although the excore neutron detector channels are
designed to minimize this possibility, the potential for common cause
failures must be considered. Consequently, it has been specifically

| included in the system model as shown in Figure 4-1. This section
documents the development of the common cause failure parameters and
resulting failure rates that are used in the quantification of the model.

The Reference 2 data development classified two of the ten events it
listed as common cause. As this was considered a limited sample, a
review of NPRDS was conducted for plants that contain similar detectors
to provide a broader base of data for the estimate of common cause
parameters. These plants included Arkansas Nuclear One Units 1 and 2,
Palo Verde Units 1-3, Calvert Cliffs Units 1 and 2, Millstone Unit 2,
Palisades Unit 1, Saint Lucie Units I and 2, Maine Yankee, and Fort

| Calhoun Unit 1. The data include those events that involve failures or
out-of-specification conditions in either the logarithmic or linear power
signals. It does not include data from tests accomplished during
refueling outages. As noted in Appendix A, normal surveillance is not

i
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TABLE 4-3. CONVERSION OF COMBUSTION ENGINEERING REPORT (REFERENCE 2)
POSTERIOR DISTRIBUTION INTO PRIOR DISTRIBUTIONS FOR SURVEILLANCE

TEST INTERVAL ANALYSIS (FAILURE OF AN INDIVIDUAL CHANNEL)c)
$
8
9

!! Distribution Percentiles
Description Meanna

5th 50th Medium 95th

Time-related posterial distribution 9.6 x 10-6/hr 7.6 x 10-6/hr 9.5 x 10-6/hr 1.2 x 10-5/hr

Distribution Broadened to EF - 5 1.08 x 10-5/hr 4.2 x 10-6/hr 9.5 x 10-6/hr 2.1 x 10-5/hr

Assessed Prior Failure Parameters for this study (applies to both log and linear).

Standby Failure Rate (25%) 2.7 x 10-6/hr 1.1 x 10-6/hr 2.4 x 10-6/hr 5.3 x 10-6/hr

Monitored Failure Rate (25%) 2.7 x 10-6/hr 1.1 x 10-6/hr 2.4 x 10-6/hr 5.3 x 10-6/hr
,

'

I Demand Failure Rate due to 9.8 x 10-4/d 4.0 x 10-4/d 8.6 x 10-4/d 1.9 x 10-3fd
Human Errors (251)

Test-Caused failure Rate (25%) 9.8 x 10-4/d 4.0 x 10-4/d 8.6 x 10-4/d 1.9 x 10-3/d [
,

i
;

,

,
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TABLE 4-4. CATE GORIZAIION Of EXEORE SAIE TY EHANNfl F.AllOR[ EVENTS FOR
SONG 5 UNil5 2 AND 3. SEE ALSO TABLE 3 *.,.

o
$3 Assessed failures
64 Service Number failure hontailure

$3 [hannel Hours of Standby Monitored fest-Caused Demand Repair Haintenante
"

$$ Modes 1-5 Tests time thr) line thr)
73 Log Linear Log Linear tog Linear tog linear

2 A 90 0 0 0 0 1 0 0 0 0.5 1.0, 1.0

2 B 37,740 x 4 90 .I .2 .1 1.1 1 1 0 0 12.8. 4, 2.1 10.0, 2.0
6, 7.5 8.0, 3.0

2 C 85 0 .5 0 .5 1 1 0 0 16.4, 24.0 2.2, 0.1, 3.0

2 D 84 .5 .I 1.5 0 1 0 0.1 0 25.0, 39.5 I.5
12.I

3 A 68 .3 .4 0 0 I I O O 10.4. 21.4 3.0 16.0. 9.2
10.1. 0.2, 9.5

3 8 34,190 m 4 68 0 0 1 1 0 1 0 0 3.3, 6.9 4.0
m
1. 3 C 68 0 0 0 0 0 0 0 0 None 1.0.6.0.19.0
6

3 D 49 0 .2 0 0 0 0 0 0 I.7, 11.0 1.0

No. = 21 No. = 17
Total 290,120 hrs 602 0.9 1.4 2.6 2.6 5 4 0.1 0

AV = I4.0 hrs AV : 8.1 hrs

NOTE: Some failures affect both the log and linear (ircuits and are therefore accounted for in both.

09115010892:2
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TABLE 4-5'. EXCORE DETECTOR SAFETY CHANNEL FAILURE PARAMETERS, |
PDSTERIOR DISTRIBUTIONS, AND TOTAL OF INDEPENDENT |

AND COMMON CAUSE FAILURES
'

!

Failure Parameter Mean
Per e tile Per le Per ile

Linear Standby 1 (hr-l) 3.0-6 1.17-6 2. 5- 6 5.6-6 ;5

Linear Monitored i (hr l) 3.7-6 1.49-6 3.2-6 6.4-6m

fLinear Demand p(d-l) 9.7-4 3.2-4 8.3-4 1.66-3

Linear Test-Caused T(d-l) 2.4-3 9.3-4 1.91-3 4.5-3

Log Standby 1 (hr-l) 2.7-6 9.5-7 2.2-6 4.7-65

Log Monitored Am(hr-l) 3.7-6 1.49-6 3.2-6 6.4-6

Log Demand p(d-l) 9.9-4 3.5-4 8.6-4 1.69-3
i

Log Test-Caused f(d-1) 3.0-3 1.06-3 2.5-3 5.7-3

*

NOTE: Exponential notation is indicated in abbreviated form;
i.e., 2.9-6 - 2.9 x 10-6,

!

,

p
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required during Mode 6, although detailed Calibration is accomplisned at [
that time. This eliminated events that could result from tests and !

conditions not encountered during normal operations. |

A summary of the results of the peer group survey combined with !(
plant-specific data extracted from Table 4-2 is given in Table 4-6. It !

is important to note that no failures that can be classified as.
potentially common cause have yet been recorded for the Nuclear
Instrument Excore Safety channels at SONGS. ;

The estimate of the common cause failure parameters must consider the !

applicability of reported events to the event that this report !
addresses. This evaluation includes any set of failures that are ,

,

detected on the same day. Two or more failures observed in this time f

frame are considered to potentially result from a common cause even !

though that mechanism was not identified in the root cause analysis. To '

make the evaluation realistic, these events are weighted by the assessed ;

likelihood that they could have resulted from a common cause mechanism.

In the case of time-related failures (both standby and monitored) of the
overpower trip function, the safety channels are providing a continuous i

reading in the control room. In addition, the daily callmetric j

calibration check provides a frequent cross reference among the four {
channels. In order to fail to provide the trip signal, the channels must !

continue to output signals corresponding to the power output of the :

reactor and simultaneously be in a state that will prevent them from
rising to the trip set point should an overpower transient occur. !
Failure mechanisms that produce this type of fault are considered
unlikely. Hence, the out-of-specification conditions that have been j
detected in two different channels on the same date as recorded in the ;

peer group data, are assessed to have a 107, probability being due to a |
double common cause event. As shown in Table 4-6, there are two I
instances of this condition in the peer group data. When each is !

assessed as equivalent to 0.1 double common cause failure, the total
'

number of events in the peer group is equivalent to 0.02 double common
cause failures, in accordance with the following equation

i
f0bserved Out-of '

'

f

(Observationofj wo Failures on }
Specification

I I

ConditionWould[) - Ps
T iDouble Common
SameDayisDuef*P Produce FailureP Cause Failure To ;.

[ Mechanisms
ProvideTripSignalh To Trip, Given ;to Common Cause j ,

( Trip Condition< ; ;i

;

- [0.1 * 0.1) * 2 instances - 0.02 i

This assessment is considered reasonable because there are no instances
at SONGS where two different channels have had observed faults on the !

!same day.
|

Table 4-7 gives the assumptions and calculations used to estimate the !
common cause parametert from the above data. The formula estimates beta
using both the generic and plant-specific data and is equivalent to a
Bayesian update of a noninformative prior by both the Combustion !

|

4-16
09105010892



_

.

$ hI
lil} Mo o

1 2!d il i I sig!25 e se 1 *

5 : ! !! i 1 211
a

lj!5 I| !! i j fm

h |E ]1 11 ! ! I
Ii

t- : !1 !! 5 1 t

1 7.? ;c : ! y s! -

$ ! 3 3 33 1 2 2 6:s
-

N k Ek f8
a y as ; I ~f |,

c1 ewe 111e11gemencewemme11e1ece1m":len1 1111111111111 111 1ii itililcecT Am*iw
eeU [

1111 istiilg
g i
o 3

s sj! - -

"

8 ,
s et a s se
- m3f -o- o -

z
M
$ 1

h ! 5 5 5

g s esse ses seeasse=se=es seeas esse s 8 s
.h

eeses, ooooo oooo oo- oooooooo-oooe ooooo oooo -**
n

s e

I:}seesseessesseessesassessessesseessseesssesseesssssw -

bg,-oooooooooooooooowoooooooooo-oooewooooo~ooooom---&

48 8&a333a33335E 5 3 35 5 8&a 4a

: h !!!!!!!!!!!!!!!!!!!a11!!!l11111rll!!!!ritzr!!!211
BB B 5

11}8fifi iq l
111]

W
bb 11.5151h 1 1111

J.tl if if fijtj ffilli-fif ififj'hnaan.jjjjaufjJls i na en 2Sua as as a aa22:i43aua .

t A ,

hhh lli 12{ESg!111l11$1111|I 11lilllili
22 2 2

lil! fk#
t i

g311['lilllg322112222filf11'
lh11 2211 12ly3m

sg$111 } 113111#38 g1111
223 Ib!222I3 22322213122 3322 232338 .s

5%

i- IIg' f3 fff[ Ef J 317 4.!! g
IE

"I Illu ; ll!1.w !rly!! 111
E -

'
; i.

e 11 :c,e11. : u
2 r:

,

.

r l1. e !. .i v .! i m , .:4 .i j 1 t,i.l.icoffji.com.

. !.,me o ,e.. e-.m ee . ; c o u 2 .l a, .22 '

In cout<I112251 uouw222f22mo, .

8

6656666666666e65666666666666f556665 56666f! 16
mu

$ 2 66

EEEEEEEEIttE*EcEEEE:j'IEEEEEEE"EljiEEEEE8[ [8tEEEEE
~

EEEEEie
$EBucESESEEE :itag~BEEE e8Ee8558sS885888885::$3355"8838 58855:55888355:g e8EEEEGE

.

!~
88Ba655:.

aanst!!!!bunnulj"lln2lunulhuussa!!i lili!!~i111"ti"iiiiillI "lil"ilill"Illlill uunu.

e

4-17



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

!
;..

I
L

TABLE 4-7. APPLICATION OF MULTIPLE GREEK LETTER MODEL TO OBTAIN

| COMMON CAUSE FAILURE PARAMETERS (REFERENCE 11) {

MGL Parameter Definitions ! ,

I I
B E conditional probability that the cause of a compor}ent failure | |

will be by one or more additional components. [
t

y 5 conditional probability that the cause of a failure that is ;
shared by one or more additional components will be shared by i

two or more additional components. !

n ' "3 5 equivalent number of single, double, and triple common cause !n), 2 events, respectively.

MGL Parameter Estimation. The estimated value of B is obtained by !

combining the plant-specific data and the Combustion Engineering, Inc., data
(Reference 2). !

i

Time-Related | Demand-Related |

Single | Double Triple Single Double Triple

SONGS 2 and 3 6.1 0 0 6.1 0 0

Peer Plants 9.5 0.02* O 3.5 1.1 0

Assessed Events 15.6 0.02 0 9.6 1.1 0 i

!
t

*Inclues a 107 probability assessment that simultaneous detection of |
out-of-specification conditions in two separate channels on the same day k

results from a common cause event. |
'

,

2n2 + 3" 3 2(.02) +0 -

T * n) + 2n2 + 3"3 " 15.6 + 2(.02) f
O

I

BT
.0026

{

2"2 + 3"3 2(1.1) +0 *

OD"ng + 2n2 + 3n3 9.8 + 2(1.1)
|

BD - 0.186 i

Although there are no instances of triple failures, there is sufficient !
experience to warrant including it. Use data for similar systems from a ,

| recent PRA (Reference 10). |
|

YD = YT = 0.07

4-18
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J

Engineering, Inc., and plant-specific data. Since no triple failures
have been observed, gamma is taKen from data used for similar equipment
in a recent PRA (Reference 10). |

4.2.4 COMPONENT PARAMETERS ,'

The multiple Greek letter method (Reference 11) used to cuantify the |
*

contribution of common cause failures in this model is applied to the
total failure parameters in Table 4-8. The resulting parameters are |
point estimates (mean value) of the failure rate. Because FRANTIC and !

SOCRATES do not have the capability to calculate uncertainty !

distributions, the distributions developed in this study will be used as |
a guide to the range over which sensitivity calculations should be i

accomplished. !
!

4.3 ALTERNATE TESTING POLICIES ;
,

Based on scheduling considerations, this analysis addresses testing
intervals that vary by increments of 730 hours, which correspond to 1/12
of a year or an average whole month. Two testing policies are addressed: -

e StaqQered Testing. This policy assumes that the tests of the !
individual channels are equally spaced in time so that the interval
between any two adjacent tests is one-fourth the test interval of an
individual test. r

e Secutrtial Testing. This policy assumes that the tests of all four
channels are accomplished one after the other, subject to the ;

constraint that no channel shall be bypassed for surveillance testing
when another is being repaired. ;

In practice, a survaillance test schedule will not adhere strictly to
either of these policies. However, the calculations show that there is
very little difference in the unavailabilities resulting from the two
policies.

4.4 RESULTS |

System unavailability is evaluated using the SOCRATES computer code
(Reference 5). This code has been designed with many of the models | ,

contained in FRANTIC, and it has many convenient features for
investigating testing policies in support of technical specifications
modifications.

To investigate the unavailability implications of extending the
surveillance test of the excore nuclear instrumentation safety channel
test interval, sensitivity studies are accomplished for the following
combinations of conditions:

,

o Channel standby failure rate at its mean and at the 5th and 95th ,

percentile values (designated by the parameter lambda in SOCRATES
output).

I
;
.

4-19
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TABLE 4-8. SONGS UNil 2 AND 3 EXCORE SAFEIY CHANNEL FAILURE RAi[ PARAM[i[RS

o Parameter Application Formula 5th Percentile Mean 95th Per(entile
2
o

A. Independent Failuresg
h " Standby" t ambda (I-Sg)A 1.17 m 10-6 2.9 m IO-b 5.6 m 10-6 | [s
*
rv Constant: Monitored + (I-Og)A in g + (1-S lP 2.8 = 10-4 8.4 = 10-4 1,44 m 10-3 ;d

Demand

Test Caused (1-S )F 7.6 = 10-4 1.96 = 10-3 3,7 , ig-3
d

8. Double failures

1 |
3 g(1-y)A 9.0 m 10-9 2.4 = 10-8 4.3 m 10-8 gSStandby Failure Rate s

!

Constant: Monitored + 1 1
3 r (1-YlldR + #0( 3-Ylp I.85 = 10-5 5.6 = 10-5 9.6 m 10-5DDemand,

1

3 D(3-Y)T 5.4 = 10-5 1.38 = 10-4 2.6 m 10-d I0Test Causedu
I
fu
o C. Triple failures ;

Standby Failure Rate Sgyl 2.0 = 10-9 5.5 = 10-9 9.7 = 10-9g

Constant: Monitored + SgyA in g + Soyp 4.2 m 10-5 1.26 = 10-5 2.4 m 10-5
Demand

Test-caused SOYF l.20 m 10-5 3.1 = 10-5 5.8 = 10-5

C- - Cause Failure Parameter Calculation. The f ailure parameter for multiple f ailures may be obtained f rom
its total failure parameter by the following formula:

Q3 m (1 - S) Qg 1(sin 9 e failures)

02*3 k ( " * *""''''''

Q3 : SYQg (triple. failures)
?

Where Qg may be the parameter for time-related or demand-related failures. t

09I15012292:5
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Channel bypass time for testing at 1, 2. and 3 hours (designated bye
the parameter C in SOCRATES output). During testing, the bypassed
channel is unavailable to accomplish its safety function, and the
trip logic becomes two out of three.

The best estimate duration of channel bypass for a test is
approximately 2 hours. The other bypass times are used to provide a
basis to judge the sensitivity of the results to this parameter.

e Surveillance test intervals ranging from 730 hours (1 month) to
4,380 hours (6 months).

o Both staggered and sequential testing policies.

The input echo from the SOCRATES output is given in Table 4-1 for the
case using mean failure parameters and staggered testing. The results of
the sensitivity studies in terms of average unavailability of the system
are given in Table 4-9. This table gives the results from two separate
runs. The results for the staggered testing are given at the top of each
sheet of the table, and the results for sequential testing with the same
set of parameters are given on the bottom of the page. The surveillance
test interval is varied from 730 to 4,380 hours in every output table.
Sheets 1 to 3 correspond to the mean failure parameters from Table 4-8,
with the bypass time rising from I hour to 3 hours from sheet I to
sheet 3. Sheets 4 to 6 and 7 to 9 repeat this process for the 95th and
5th percentiles of the failure parameters, respectively.

From Table 4-9, the following results can be summarized:

1. System unavailability does not change significantly as the test ;

interval varies between 1 and 4 months. For the SONGS base case, a '

bypass time of 2 hours (the expected duration of a channel bypass for ;

testing) and the mean values of the failure parameters (Table 4-1),
the total unavailability declines by about 9% to a minimum as the
interval increases from 1 to 3 months and rises by only 1% in the
fourth month.

,

!

|

2. System unavailability is relatively insensitive to channel bypass
time, increasing slightly and favoring longer test intervals as the j
bypass time increases, j

I3. System unavailability is insensitive to a policy of sequential versus
staggered testing. The only instance when a 3-month test interval i

did not produce a minimum unavailability was the case of sequential
testing and a lambda of 5.3 x 10-6 per hour, the 95th percentile. 1
For these cases, the minimum occurred at the 2-month interval; I

however, the unavailability for the 3-month interval was below the
current test Interval of 1 month. Considering the assumptions used
to generate the failure parameters, this variation is judged to be i

insignificant. Therefore, policies that provide the maximum ]administrative efficiency and minimize the potential for human error
may be selected without worry about the impact of minor scheduling
changes.

4-21
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TABLE 4-9. SOCRATES OUTPUT OF AVERAGE UNAVAILABILITY OF EXCORE
NUCLEAR INSTRUMENTATION SAFETY CHANNEL UNDER VARIOUS TEST STRATEGIES i

| (Failure Parameters per Table 4-8) :

(Sheet 1 of 9)
!

| Staggered Testing - Mean Value Parameters,1-Hour Bypass Tirre !

.. ............................................................... .
[

- Taste 1. 1 *

. ............ .

. .

AVERAGE VALUES AS A FUNCTION OF TEST INTERVAL * i*

* FOR COMPONENT GROUP 1 COMPONENTS OR TESTS: TESTA , TESTB *
,

* TESTC , TESTO *
,

. .. . ... ...w .. .... ... ... ... ...... . ..

. .

* PARAMETERS CHANGED AND MELD F!KED IN THis TABLE *

. ............................................... .

* COMPONENT GROUP 1, Cs1.000E+00 *

. . ,

1. ................... ..............................

TABLE +00WNTIME +TESTTIME +5ETWN TST+ TOTAL +*

* VAR!ABLE + CONTRIS + CONTRIB + CONTRIB * CONTRIB + .

* CGROUP + + + + + .

'.T -1+ + + + +

.....................................................

* 730. 1.33 -5 1.41 -6 4.89 -5 6.36 -5
1.460E+03 6.74 6 7.56 -7 5.16 -5 5.91 -5*

* 2.190E+03 4.56 6 5.49 7 5.33 -5 5.84 5
2.920E+03 3.47 -6 4.55 -7 5.48 -5 5.88 5 i*

* 3.650E+03 2.82 6 4.05 7 5.64 -5 5.% -5
* 4.380E+03 2.39 6 3.78 7 5.81 5 6.08 5 ,

.. ...... .....w. .

| .S..e.g.u.e.n..t.i.a.l. T.e.s.t.i.n.g...M..e.a..n..V..a.l..u.e...P.a..r.a.m..e.t..e.r.s..,..1..H..o.u.r..B.y pa s s T i me. . . ...

* TABLE 1. 1 *

i. ............ .

. . ,

* AVERAGE VALUES AS A FUNCTION OF TEST INTERVAL *

* FOR COMPONENT GROUP 1 COMPONENTS OF TESTS: TESTA , TESTB *
,

TESTC ,TESTD **

... ...... u. w .... n...................u... ........ . .

. .

[PARAMETERS CHANGED AND NELD FIXED IN TNIS TABLE **

!. ............................................... .

{* COMPONENT GROUP 1, C=1.000E+G3 *

. e

.....................................................

* TABLE +00WNTIME +TESTTIME +5ETWN TST+ TOTAL * t

* VARIASLE * CONTRIB * CohTRIS + CONTRIS + CONTRIB + I

* CGRCRJP * + * * +

*T 1+ + + + +

.....................................................

* 730. 1.33 -5 1.21 6 4.94 -5 6.40 -5
* 1.460E.03 6.78 -6 6.67 7 5.26 5 6.01 5
* 2.190E+03 4.60 6 5.02 7 5.50 5 6.01 -5 i

2.920E+03 3.51 6 4.33 7 5.74 5 6.13 -5*

* 3.650E.03 2.87 6 4.01 7 5.99 -5 6.32 5
4.380E+03 2.44 6 3.89 7 6.28 5 6.56 5*

.w...... ...nnun....u.

f.-22
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TABLE 4-9. SOCRATES OUTPUT OF AVERAGE UNAVAILABILITY OF EXCORE
NUCLEAR INSTRUMENTATION SAFETY CHANNEL UNDER VARIOUS TEST STRATEGIES ;

(Failure Parameters per Table 4-8) |
(Sheet 2 of 9)

:

... .. ... .... . t.e rs..,. 2 .H o.u.r .B.ypa s s T i me | !Mean Value ParameStaggered T... ........e..s t n g -i
... .. ...

* TABLE 1. 2 !.

|. ............ .

;. .

[AVERACE VALUCS AS A FUNCT!DN OF TEST INTERVAL* *

* FOR COMPONENT GROUP 1 COMPONENTS OR TESTS: TESTA , TEST 8 *
, ,

* TESTC , TESTD |
*

.. . .. m ... ... .. .. m ... ...... . ;

t. .

* PARAMETERS CHANGED AND MELD FIXED IN THIS TABLE *

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

* COMPONENT GROUP 1, C.2.000E+00 *
i

!
. .

...........-...........+.........+......... .......-.

* TA8LE +DOWTIME *TESTTIME +8ETW TST+ TOTAL *
* VARIASLE + CONTRIS * CONTRIS + CONTRIS . CONTRIS +

CGROUP' +. + + * *

.T 1 + . + +
;

......... ...........................................
* 730 1.33 -5 2.83 6 4.87 -5 6.4C 5 ;
* 1.460E+03 6.74 -6 1,51 6 5.15 5 5.97 -5
* 2.19CE+03 4.56 -6 1.10 6 5.32 5 5.89 5 s

* 2.92ft+03 3.47 6 9.09 7 5.48 5 5.92 5 |
* 3.650E+03 2.82 6 8.10 -7 5.64 5 6.00 5 [
* 4.36X+03 2.39 -6 7.56 -7 5.80 5 6.12 5
... m m m ... m .. -j

,t

Sequential Testing - Mean Value Paramet r ,
.................. .....................................e...s... 2 - H o u..r B..y p a s s T i m e | }...... .. .

* TABLE 1. 2 * I
!. ............ .

. . s

!*
AVERAGE VALUES AS A FUNCTION OF TEST INTERVAL *

* FOR COMP 0NEht GROUP 1 COMPONENTS OR TESTS: TESTA , TEST 8 *
,

*
TESTC , TESTD *

. . .. .. .m .. .m.m... m m . ...m .m .. .m. .m. 1

i.
;.

* PARAMETERS CHANGED AND MELD FIXE 0 IN THIS TA8LE *

. ............................................... . i

I
* COMPONENT GROUP 1, C.2.000E+00 *

j. .

.....................................................
;

* TASLE +00WNTIME *TESTTIME +8ETWN TST. TOTAL + i

* VARIABLE + CONTRIS * CONTRIS + CONTRIS + CONTRIS + f
I* CGROUP + * * * * '

i*T -1* * * * * $

.....................................................
* 730. 1.33 5 2.42 -6 4.93 5 6.51 5 ;
* 1.460E+03 6.78 -6 1.33 -6 5.26 5 6.07 5 |

2.190E+03 4.60 6 1.00 6 5.50 -5 6.06 -5*
*

2.920E+03 3.51 -6 8.65 -7 5.73 5 6.17 5 ;
*

3.650E+03 2.87 -6 8.02 -7 5.99 5 6.35 -5*

4.380E+03 2.44 6 7.75 - 7 6.27 5 6.60 -5*

.................. m m

f
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TABLE 4-9. SOCRATES OUTPUT OF AVERAGE UNAVAILABILITY OF EXCORE
NUCLEAR INSTRUMENTATION SAFETY CHANNEL UNDER VARIOUS TEST STRATEGIES

| (Failure Parameters per Table 4-8)
(Sheet 3 of 9)

| Staggered Testing - Mean Value Parameters, 3-Hour Bypass Time
...... ...... ................... ........ .. .. . . .

* TasLE 1. 3 .

.. ............

. .

AVERAGE VALUES AS A FUNCTION OF TEST INTERVAL **

* FOR COMPONENT GROUP 1 COMPONENTS OR TESTS: TESTA , TESTS *
,

* TESTC , TESTD *

.m.m.............m......m.m..........

. .

PARAMETERS CMANCED AND MELD FIKED IN THIS taste **

. ............................................... .
r
"* COMPONENT GROUP 1 C=3.000E+00 *

. .

........... ......... ..........................

* TABLE +0OWNTIME +TESTTINE +8ETWN TST+ TOTAL +
* VARIABLE- + CONTRIS + CONTRIB + CONTRig + CONTRIB +

* CCROUP + + + + +

.T 1 . . + + .

.....................................................

730. 1.33 -5 4.24 6 4.85 -5 6.60 5*

* 1.460E+03 6.74 6 2.27 -6 5.13 5 6.04 -5
2.190E+03 4.56 6 1.65 6 5.31 -5 5.93 5*

* 2.920E+03 3.47 -6 1.36 -6 5.47 -5 5.96 -5 ;

3.650E+03 2.82 6 1.22 -6 5.63 -5 6.03 -5
~

*

* 4.380E+03 2.39 -6 1.13 -6 5.80 5 6.15 5
.... m .... .... ..

Mean Val| Sequential T i .................u..e P.a.r.a.m..e.t.e..r.s..,. 3...H.o.u.r...B.lp a s s T i me.... ........... . ...e.s..t...n g - m . .

I*
* TABLE 1. 3

. j
e ............

..

*
AVERACE VALUES AS A FUNCTION OF TEST INTERVAL*

*
FOR COMPONENT GROUP 1 .;0MPOWENTS OR TESTS: TESTA , TESTS* ,

** TESTC , TESTD
....... m ..... . ... m . ............ m .......... m ......... m

..

*
PARAMETERS CHANCED AND MELO FIKED IN THis TABLE ;*

ee ...............................................
* *

COMPONENT GROUP 1, C 3.000E+00*

..

t.....................................................
,

* TABLE +00WNTIME *TESTTIME +tETWN TST+ TOTAL +
* VARIABLE + CONTRIB * CONTRIB + CONTRIB + CONTRIB + g

* CCROUP + + * * *

.T 1+ + + + *

.....................................................

* 730. 1.33 5 3.63 6 4.92 -5 6.62 -5 ,

!
1.460E+03 6.78 6 2.00 -6 5.25 5 6.13 5*

2.190E+03 4.60 -6 1.51 -6 5.49 -5 6.10 5*

2.920E+03 3.51 6 1.30 -6 5.73 -5 6.21 5*

3.650E+03 2.87 6 1.20 -6 5.98 5 6.39 5 .*
'

* 4.380E+03 2.44 6 1.17 -6 6.27 5 6.63 -5
..................... .. .. *
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FTABLE 4-9. SOCRATES OUTPUT OF AVERAGE UNAVAILABILITY OF EXCORE
NUCLEAR INSTRUMENTATION SAFETY CHANNEL UNDEis VARIOUS TEST STRATEGIES ,

(Failure Parameters per Table 4-8) |
(Sneet 4 of 9)

Staggered Testing - 95th Percentile Parameters. I-Hour Bypass Time | !
......... ......... ... .................. ..... ...................

TABLE 1. 1 '*
.

'. ............ .
*

.

AVERACE VALUES AS A FUNCTION OF TEST INTERVAL
*

*
,

* FOR COMPONENT CROUP 1 COMPONENTS OR TESTS: TESTA , TEST 8 *
,

*
TESTC , TESTD *

.... . :_______ .. ...... .. . .... ..
*

.

PARAMETERS CMANGED AND NELD FIXE 0 IN THl$ TA8LE
*

*
. ............................................... .
* COMPONENT GP.0UP 1, c.1.000E+00 *
. i

,

....................................................,

'* TABLE +00WKTIME +TESTTIME +tETWN TST+ TOTAL +

* VARIABLE + CONTRIS + CONTRIS + CONTRIS + CONTRIO .
* CCROUP + + + + +

*i -1+ + + + .

............+.........+..............................
* 730. 2.52 -5 2.44 -6 9.32 -5 1.21 -4

1.460E+03 1.29 -5 1.35 -6 9.93 -5 1.14 4
*

* 2.190E+03 8.80 -6 1.02 -6 1.04 -4 1.14 4
2.920E+03 6.77 -6 8.86 7 1.08 -4 1.16 4

*
;

3.650E+03 5.57 -6 8.29 -7 1.13 -4 1.20 4*

* 4.380E+03 4.79 -6 8.11 -7 1.19 4 1.24 4
...... ..... ....... .....

....e q u.e.n..t.i..a.l...T.e.s.t.i..n.t...9 5.t.h...P.e.r..c.e.n.t.i.l.e...P.a..r.a.m..e.t..e.r.s.,..1..H..o.u r By p a s s T i me |S ... . . . . .
.

* TABLE 1. 1 *

. *............

. *

* AVERACE VALUE$ AS A FUNCTION OF TEST INTERVAL *

* FOR COMPONENT GROUP 1 CCMPONENTS OR TESTS: TESTA , TEST 8 *
,

* TESTC , TESTD *

...... ................................. ... ..... +................ .

. .
;

PARAMETERS CMANGED AND MELD FlXED IN THIS TASLE * '*

. ............................................... *

* COMPONENT GROUP 1, C.1.000E+00 *

. . !

I
..........................................+.......... >

* TASLE +00WNTIME *TESTTIME +8ETWN TST+ TOTAL *

* VARIA8LE + CONTRIO * CONTR18 + CONTRIS + CONTR18 + *

* CGROUP + + + + * 5

*T 1+ + + + +

e.....................+.........+.........+.........e
* 730. 2.52 5 2.10 6 9.43 5 1.22 4 4

+ 1.460E+03 1.30 5 1.20 -6 1.02 4 1.16 -4 I

l* 2.190E+03 8.88 -6 9.66 7 1.08 -4 1.18 -4
* 2.920E+03 6.87 6 8.90 7 1.15 4 1.23 4

3.650E+03 5.68 6 8.80 7 1.23 -4 1.30 4*

4.380E+03 4.92 6 9.01 7 1.34 4 1.40 4*

.............................
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TABLE 4-9. SOCRATES OUTPUT OF AVERAGE UNAVAILABILITY OF EXCORE
NUCLEAR INSTRUMENTATION SAFETY CHANNEL UNDER VARIOUS TEST STRATEGIES

| (Failure Parameters per Table 4-8)
(Sheet 5 of 9)

| Staggered Testing - 95th Percentile Parameters, 2-Hour Bypass Time
.............. ...... . .... ....................... ........ m ......

* TABLE 1, 2 .

. ............ .

. .

AVERACE VALUES AS A FUNCTION OF TEST INTERVAL* *

* FOR COMPONENT GROUP 1 COMPONENTS OR TESTS: TESTA , TEST 8 *
,

*
TESTC , TESTD *

.. m . . ... .. ......

. .

PARAMETERS CHANCED AND HELD FIKED IN TNIS TABLE* *

. ............................................... .

* COMPONENT CROUP 1, C.2.000E+00 *

. .

...................... .............................

* TABLE * DOWNTIME +TESIT!ME +8ETWN TST+ TOTAL +
* VAtlASLE- + CONTRIS * CONTRIS + CONTRIS + CONTRIS +
+ CGROUP + * + + +v 'j
*T +1+ + + + +

.....................................................

730. 2.52 -5 4.95 -6 9.28 5 1.23 4*

* 1.460E+03 1.29 5 2.71 6 9.91 -5 1.15 4 ;
2.190E+03 8.80 6 2.04 -6 1.04 -4 1.14 4*

* 2.920E+03 6.77 -6 1.77 6 1.08 4 1.17 -4
+ 3.650E+03 5.57 -6 1.66 6 1.13 -4 1.20 4 i

* 4.380E+03 4.79 -6 1.62 -6 1.19 4 1.25 4
........ m .. . m

| ..S.e..qu..e.n.t..i.a..l..T..e.s.ti n.a.... 9.5.t.h.~P.e.r.c..e.n.m..e...P.a.ra.m.e..t.e..r.s..,. 2...H.o.u r Bypa s s T i mea til
~

* TABLE 1. 2 *

>. ............ .

. .

AVERAGE VALUES AS A FUNCTION OF TEST INTERVAL **

* FOR COMPONENT GROUP 1 COMPONENTS OR TESTS: TESTA , TEST 8 *
,

* TESTC , TESTD ;
*

.. m ................ .......... m .. m ....... m m . ...... m

. .

* PARAMETERS CHANGED AND MELD FIXED IN THIS TABLE *

.. ...............................................

* COMPONENT GROUP 1, Ca2.000E+00 *

. .

.....................................................

* TABLE +00WNTipE *TESTTIME +8ETWN Tsi+ TOTAL +

* VARIABLE + CONTR18 * CONTRst * CONTR18 + CONTR18 +
,

* CCROUP + + + + *

.T 1* * * + +
i

r.................................................... !

* 730. 2.52 5 4.20 6 9.41 5 1.23 -4
* 1.460E+03 1.30 5 2.41 6 1.01 4 1.17 -4

*
* 2.190E+03 8.88 -6 1.93 -6 1.08 4 1.19 4

* * 2.920E+03 6.87 -6 1.78 6 1.15 -4 1.23 -4
'+ 3.650E+03 5.68 6 1.76 6 1.23 4 1.31 4

* 4.380E+03 4.92 -6 1.B: 6 1.34 -4 1.41 4
..................... ..
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TABLE 4-9. SOCRATES OUTPUT OF AVERAGE UNAVAILABILITY OF EXCORE
NUCLEAR INSTRUMENTATION SAFETY CHANNEL UNDER VARIOUS TEST STRATEGIES -

(Failure Parameters per Table 4-8) |
(Sheet 6 of 9)

Staggered Testing - 95th Percentile Parameters, 3-Hour Bypass Time |
...... ........................ ............ ............... ...... ..

* TABLE 1. 3 *

.. ............

. .

AVERACE VALUES A5 A FUNCTIDW OF TEST INTERVAL **

FOR COMPONENT GROUP 1 COMPONENTS OR TESTS: TESTA , TESTB **
,

* TESTC , TESTD *

...________a. .... . .....

. .

PARAMETERS CHANCED AND NELD FIKED IN THIS TABL! **

. ............................................... .

COMPONENT GR3JP 1, Cs3.000E+00 **

. .

......................+........ ..................

TA8LE +00WNTIME +TESTTIME +8ETW TST+ TOTAL +*

* VARIABLE- + CONTRIB + CONTRIs + CONTRIB + CONTRIS +
* COROUP + + + + +

*1 -1* * * * *

..................................................... !

* 730. 2.52 5 7.43 -6 9.24 5 1.25 4
1.460E+03 1.29 -5 4.06 -6 9.89 -5 1.16 4*

'
* 2.190E+03 8.80 -6 3.06 -6 1.03 -4 1.15 4
* 2.920E+03 6.77 -6 2.66 6 1.08 4 1.17 4

3.650E+03 5.57 -6 2.49 -6 1.13 -4 1.21 4*

4.380E+03 4.79 6 2.43 -6 1.19 -4 1.26 4*

............. ..........

...........t.i a l T..e.s..t.i.ng - 9 5..t.h ..Pe.r.c.en t i.l.e...P.a..r.a.m..e.t..e.r.s.,..3..H..o.u r Bypa s s T i me |Sequen
.. . ........ . .. . .

*
* TABLE 1. 3

.. ............

..

*
AVERACE VALUES AS A FUNCTION OF TEST INTERVAL*

*
* FOR COMPONENT GROUP 1 COMPONENTS OR TE$TS: TESTA , TESTB ,

** TESTC , TESTO
.......... ............................. .. .. .............

..

*
PARAMETERS CHANGED AND NELD FIXED IN TNIS TABLE* ,

.. ...............................................
** COMPONENT GROUP 1, Cs3.000E+')0
..

.....................................................

* TA8LE +00WNTIME +TESTTIME +BETW TST+ TOTAL +

* VARIA8LE- + CONTRIB + CONTRIB + CONTRIB + CONTRIB *
. CCROUP + + + + *

*T 1* * * * *

.....................................................

* 730. 2.52 5 6.30 -6 9.38 5 1.25 4 7

* 1.460E+03 1.30 -5 3.61 6 1.01 4 1.18 4 >

2.190E+03 8.88 6 2.89 6 1.08 4 1.19 -4*

2.920E+03 6.87 6 2.67 6 1.15 -4 1.24 -4*

3.650E+03 5.68 -6 2.64 -6 1.23 -4 1.32 -4*

* 4.350E+03 4.92 -6 2.70 -6 1.34 4 1.41 4
...................... .....

t

4-27 1

09105010892 <

I
,

I

i

1



. .

!
4

TABLE 4-9. SOCRATES OUTPUT OF AVERAGE UNAVAILABILITY OF EXCORE
NUCLEAR INSTRUMENTATION SAFETY CHANNEL UNDER VARIOUS TEST STRATEGIES

| (Fallure Parameters per Table 4-8)

(Sheet 7 Of 9)
| Staggered Testing - 5th Percentile Parameters,1. Hour Bypass Time

......... .. ........ ....... .... ...... .... ... ... m .

7ABLE 1. 1 **

. ............ .

. <.

AVERACE VALUES AS A FUNCTION OF TEST INTERVAL* *-

* FOR COMPONENT GROUP 1 COMPONENTS OR TESTS: TESTA , TESTS *
,

* TESTC , TESTD *
,

. .. . .. ... .= ... ...:- _____.

;. .

PARAMETERS CHANCED AND HELD FIXED IN THIS TABLE I
* *

. ............................................... . -i

* COMPONENT GROUP 1, Cs1.000E+00 *

. .

......... .+.....................................

* TA8LE +00WTIME +TESTT!ME +8ETW TST. TOTAL +
* VARIABLE + CONTRIB + CONTRIS + CONTR!8 + CONTRIS *
* CGROUP + + + + +

*T 1+ + + + +
................... .............................
* 730, 4.74 -6 4.56 7 1.60 5 2.12 -5 .

* 1.460E+03 2.39 -6 2.36 -7 1.68 5 1.94 -5
2.190E+03 1.60 -6 1.65 7 1.72 -5 1.89 -5*

2.920E+03 1.21 -6 1.31 -7 1.75 5 1.88 5*

* 3.650E+03 9.77 -7 1.11 -7 1.77 5 1.88 -5
* 4.380E+03 8.20 7 9.93 8 1.80 5 1.89 5 I
.........u ... m . .

| Sequential Testing - 5th Percentile Parameters,1-Hour Bypass Time
................... .............. ...... . . _ _ _. . ..... ...

,

* TABLE 1. 1 *

.. ............

;. .

* AVERAGE VALUES AS A FUNCTION OF TEST INTERVAL *

* FOR COMPONENT GROUP 1 COMPONENTS OR TESTS: TESTA , TESTS *
,

* TESTC , TESTD *

....e..... m .u **....... ..w m ...... .. ........ ...... . ....

. .

{* PARAMETERS CNANGED AND NELD FIXED IN TN!S TABLE *

.. ...............................................

* COMPONENT GROUP 1, Cs1.000E+00 *
,

. .
'

.....................................................
*

* TABLE +00WTIME +TESTTIME +8ETW TST+ TOTAL ,

* VARIABLE- + CONTRIS + CONTRIS * CONTRIS * CONTR18
.

* CGROUP + + * * *

.t 1 . . . .
,

i.....................................................

* 730. 4.76 6 3.88 7 1.62 5 2.14 5
* 1.460E+03 2.40 6 2.04 7 1.71 5 1.97 -5 !

.

2.190E+03 1.62 -6 1.46 7 1.77 5 1.95 5*

2.920E+03 1.23 -6 1.18 7 1.82 5 1.96 -5*

* 3.650E+03 9.91 7 1.03 -7 1.87 5 1.98 5
* 4.380E+03 8.35 7 9.49 8 1.92 5 2.02 -5
* 5.110E+03 7.23 -7 8.99 8 1.98 5 2.06 5 i

* 5.840E+03 6.40 -7 8.72 8 2.03 4 2.11 5 i
* 6.380E+03 5.91 -7 8.61 -8 2,08 5 2.14 -5

4 28.....u................m ...
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TABLE 4-9. SOCRATES OUTPUT OF AVERAGE UNAVAILABILITY OF EXCORE
NUCLEAR INSTRUMENTATION SAFETY CHANNEL UNDER VARIOUS TEST STRATEGIES

(Fallure Parameter 5 per Table 4-8) |
(Sheet 8 of 9)

Staggered Testing - 5th Percentile Parameters. 2-Hour Bypass Time
|.. ... . ........ .......... . .

* TABLE 1, 2 .

. ............ .

. .

AVERACE VALUES AS A FUNCTION OF TEST INTERVAL* *

* FOR COMPONENT GROUP 1 COMPONENTS OR TESTS: TESTA , TESTB *
,

*
TESTC , TESTD. *

2.__; _______. ... .. . . ...:__ ____;.

. .

PARAMETERS CHANCED AND HELD FIXE 0 IN THIS TABLE
* *

. ............................................... .

* C:MPONENT GROUP 1, C.2.000E+00 *
. .

........... ........ .................. .........

* TABLE +00WTIME *TESTT!ME +5ETW TST+ TOTAL +
* VARIA8LE- + CONTRIB + CONTRIS + CONTRIB + CONTRIS +
* CGROUP * + + + +

*T -1+ + + + +

e.....................+........................ .....
* 730. 4.75 -6 9.11 7 1.60 5 2.16 5
* 1.460E+03 2.39 6 4.73 -7 1.67 -5 1.96 5

2.190E+03 1.61 6 3,30 7 1.71 5 1.91 5 i
*

* 2.920E+03 1.21 6 2.62 -7 1. 74 -5 1.89 -5 '

3.650E+03 9.77 7 2.23 -7 1.77 5 1.89 5*

* 4.380E+03 8.20 7 1.99 7 1.80 5 1.90 5
......... ;_____________ m .

Sequential Testing - 5th Percentile Parameters, 2-Hour Bypass Time
.............. m .............................. ~ .... m .. m .. ~ ......

* TABLE 1. 2 *

. ............ . '

. . ,

*
AVERACE VALUES AS A FUNCTION OF TE$f INTERVAL *

* FOR COMPONENT GROUF 1 COMPONENT $ OR TEsis: TESTA , TESTB *
,

*
TESTC , TESTD * !

............. ....................... ........ .. . m . m .

. 'e
*

PARAMETER $ CHANGED AND NELD FIYED IN TNIS TABLE *

. ............................................... *
* COMPONENT GROUP 1, C.2.000E+00 *

. . ;

.....................................................

* TABLE +00WWTIME *TESTTINE +4ETWN TST+ TOTAL * '

* VARIA8tt + CONTRIS + CONTRIS + CONTRIB + CONTRIB + i

. CGROUp . . + + +

*T 1+ . + + +

.....................................................
t

730. 4.77 6 7.75 7 1.62 5 2.17 -5*

* 1.460E+03 2.41 6 4.08 -7 1.71 -5 1.99 5 j
* 2.190E+03 1.62 -6 2.91 7 1.77 5 1.96 5 !

2.920E+03 1.23 -6 2.36 -7 1.82 -5 1.97 5 |
*

3.650E*G3 9.92 7 2.07 7 1.87 -5 1.99 -5 i

*

* 4.380E+C3 8.36 -7 1.90 7 1.92 5 2.03 5
5.110E*03 7.24 -7 1.80 7 1.98 5 2.07 5' |*

5.840E+03 6.41 7 1.74 7 2.03 -5 2.11 5*

6.380E.03 5.91 7 1. 72 7 2.08 -5 2.15 +5 I
*

.. m ........ m . m ......... 4.29 I
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TABLE 4-9. SOCRATES OUTPUT OF AVERAGE UNAVAILABILITY OF EXCORE
NUCLEAR INSTRUMENTATION SAFETY CHANNEL UNDER VARIOUS TEST STRATEGIES

| (Failure Parameters per Table 4-8)
(Sheet 9 of 9)

| Staggered Testing- 5th Percentile Parame
........ .... ... .. ... ...._... .. . .......t.e..r s._, .3...H o.u..r. B y p a s s T i me.

* TABLE 1. 3 *

. ............ .

. .

AVERAGE VALUES At A FUNCTION OF TEST INTERVAL* *

* FOR COMPONENT GROUP 1 COMPONENTS OR TESTS: TESTA , TESTB *
,

*
TESTC , TESTD *

................... . .. .............. ................. . ........
. .

PAAAMETERS CHANCED AND NELD FIXED IN THIS TABLE
* *

. ............................................... .

* COMPONENT GROUP 1, C=3.000E+00 *

. .

........... ........ ........ ........ ..... ..

* TA8LE +00WNTIME *TESTTIME +8ETW TST* TOTAL +
* VARIA8LE- + CONTRIS + CONTRIB + CONTR15 + CONTRIS +
. CGROUP + + + + +

*T -1+ + + + +

.....................................................
* 730. 4.75 -6 1.37 -6 1.59 5 2.20 5

1.460E+03 2.39 -6 7.09 7 1.67 -5 1.98 -5*

2.190E+03 1.61 6 4.95 -7 1.71 -5 1.92 5*

* 2.920E+03 1.21 6 3.92 7 1.74 -5 1.90 5
* 3.650E+03 9.77 -7 3.34 7 1.77 5 1.90 5
* 4.380E+03 8.21 7 2.98 -7 1.80 5 1.91 5

| Sequential Testing - 5th Percentile Parameters, 3-Hour Typass Time
............... ._.......... _. . .. . . ........

* (ABLE 1. 3 *

. ............ .

. .

*
AVERACE VALUES A5 A FUNCTION OF TEST INTERVAL *

* FOR COMPONENT CROJP 1 COMPONENTS OR TESTS: TESTA , TESTS *
,

*
TESTC , TESTD *

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . _ . . . . . . . . . . . . . . . . _ . . .
;

. .
*

PARAMETERS CHANGED AND NELD FIKED IN THIS TABLE *
. ............................................... e
* COMPONENT GROUP 1, C.3.000E+00 *
. .

....................................................+
* TABLE + DOWNTIME +TESTTIME +8ETW f tf+ TOTAL + i

* VARIASLE * CONTRIB + CONTRIS + CONTRIB + CONTRIS *
* CGROUP + + * + + i

*T 1+ + + + +

............+.........+.........+...................e
T30. 4.76 6 1.16 -6 1.62 5 2.21 5*

* 1.460E+03 2.41 6 6.12 7 1.71 -5 2.01 -5
!

2.190E+03 1.62 -6 4.36 -7 1.77 5 1.97 -5*

2.920E+03 1.23 6 3.54 7 1.82 5 1.98 -5*

3.650E+03 9.92 7 3.10 -7 1.87 3 2.00 5*

4.380E+03 8.35 7 2.84 7 1.92 -5 2.04 5*

j
5.110E+03 7.24 -7 2.70 -7 1.98 -5 2.08 -5

i
*

* 5.840E+03 6.40 7 2.61 7 2.03 -5 2.12 5 )6.380E+03 5.91 -7 2.58 7 2.07 -5 2.16 5*

.......e.....................
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Given the above arguments, it is reasonable to conclude that the
quantitative evaluation supports an extension of the excore nuclear
instrumentation safety channel test interval from its current
1-month interval to 3 months.

|

| >

| |

|

i

l

i
;
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5. CONCLUSIONS AND RECOMMENDATIONS j

;

Conclusions and recommendations regarding the 31-day excore nuclear
instrumentation safety channel drawer surveillance test are organized
into five areas

,

e Reduction of test content.
>

e Use of test circuits designed into the system.

e Use of operations procedures to satisfy startup test requirements for
the log high power trip.

e Consolidation of monthly requirements into the PPS 31-day test.

e Extension of the surveillance test interval.

These areas will be addressed in turn.

5.1 REDUCTION OF TEST CONTENT

The risk-based evaluation of the content and effectiveness of the 31-day i

excore nuclear instrumentation safety channel drawer test described in i

Section 3.3 indicated that the following portions of the test may be
deleted without affecting safety functions.

,

o Power Supply Tests. A support system whose proper functioning will
be reflected in the proper voltages of the amplifiers. There have
been no failures to trip as a result of out-of-specification power
supply voltages. Catastrophic failures will be annunciated in the
control room. This eliminates one of the sections of the test that
requires opening the safety channel drawer. -!

e Loo Channel Functional Test. The monthly requirement is currently
satisfied by the PPS 31-day test. This recommendation eliminates ,

dupitcation. |
i

10-4 and 55% Bistable Setpoint Tests. Both activate trip functions |e
but do not generate the trips. Trip function activation is
annunciated in the control room. The exact power level is not :

critical for either safety function. In addition, no failures of :

these components have been observed during the entire operating
history of the reactors.

5.2 USE OF TEST CIRCUITS DESIGNED INTO THE SYSTEM
f

The risk-based evaluation of the content and effectiveness of the 31-day ;

excore nuclear instrumentation safety channel drawer test described in ;

Section 3.3 indicated that the following portions of the test can be !

modified to be accomplished from the front panel. I
1

1

5-1 |
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i

e The rate channel test currently in the procedure can be replaced with
a functional check using the rate trip test potentiometer on the

,

front panel. The rate channel is part of the log channel and does
not require a montnly calibration. Its alarm is effective primarily
during startup and has little safety impact at operating power levels.

e The calibration and functional test requirements of the linear
channels can be accomplished using tt.e calibration circuit provided
on the front panel. The equivalence of this circuit to a known input
was demonstrated in Section 3.3.5, thus satisfying the technical

,

specification requirements for a channel calibration test.

5.3 HIGH LOGARITHMIC POWER TEST REOUIREMENT PRIOR TO STARTUP

The technical specifications require that only a functional test of the
high logarithmic power trip is required for both the monthly test and the
startup test. Section 3.3 recommends that this requirement be satisfied
by a functional test of the high power log trip using the test
potentiometer on the front panel, rather than a repeat of the entire
test. This eliminates the need to pull the safety channel drawer. The

'

resulting functional test can be easily accomplished within the startup
operations procedure or with an abbreviated startup functional test.

5.4 CONSOLIDATION OF MONTHLY REOUIREMENTS INTO THE PPS 31-DAY TEST

The recommendations for the monthly excore safety channel test may.be
implemented by modifying the existing procedure so that it can be ,

accomplished without opening the safety channel drawer. The result would
be a much smaller procedure, but the significant administrative burden of
setup, coordination, review, and record keeping discussed in ,

Section 3.2.3 would remain approximately the same.
'

The discussions in Section 3.3 recommend consolidating the remaining
steps into the PPS 31-day test. This has the disadvantage of making the
scope of the PPS test broader than originally intended and extending an
already very lengthy test. However, it would eliminate 5023-II-5.5(-8) ;

and its associated administrative burdens.

5.5 EXTENSION OF THE SURVEILLANCE TEST INTERVAL

The quantitative evaluation presented in Section 4 supports extending the
test interval of the excore nuclear instrumentation safety channels ,

to 92 days. The use of site-specific data to update the more generic '

failure parameters used in Reference 2 resulted in a system
unavailability that is relatively insensitive to the test interval, with
system unavailability remaining approximately the same and declining as
the test interval increases to 92 days for best estimate failure rates.
This result is reasonable since the excore nuclear instrumentation safety
channel is in active system in which most catastrophic failures will be
revealed when they occur.

The failure data indicated that there is no basis within the failure
history of the system to indicate that the logarithmic high power
function needs to be tested within 7 days of startup of the reactor.

5-2
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However, given that the high log power trip will be one of the primary
safety trips during startup, including the functional test of the log
channel in the startup procedure may be prudent.

5.6 GENERAL

Two additional general conclusions regarding the use of risk-based
methods of evaluating surveillance tests can be made. First, the
cualitative evaluation of test procedures versus safety functions
provides valuable insights into system operation and the effect of
technical specification requirements on risk. It points to areas of

duplication and unnecessary detail that can be modified or eliminated.
Second, the data evaluation provides insights into test effectiveness and
input for failure parameters. This insight can be important for both the
qualitative and the quantitative analysis.

5-3
09145010892



. ._-

.

6. REFERENCES

1. U.S. Nuclear Regulatory Commission, " Technical Specifications -
Enhancing the Safety Impact " NUREG-1024, November.1983.

I
2. Combustion Engineering, Inc., "RPS/ESFAS Extended Test Interval j

Evaluation," prepared for the C-E Owners' Group, May 1986. I

1

3. Samauta, P. K.,'N. E. Vesely, E. V. Lofgren, and J. L. Boccio, " Risk
Methodology Guide for A0T and STI Hodifications," Battelle National i

Laboratories December 1986. i

4. Ginzeurg, T., J. L. Boccio, and R. E. Hall, " FRANTIC II: |
Applications to Standby Safety Systems," Brookhaven National '

Laboratory, prepared for U.S. Nuclear Regulatory Commission,
NUREG/CR-3627, BNL-NUREG-51738,. December 1983.

5. Electric Power Research Institute, "PC SOCRATES Version 1.02 User's
Guide," draft report September 2, 1987.

,

6. Southern California Edison Company, "Excore Nuclear Instrumentation
'System," SONGS 2 and 3 System Description 50-5023-470, Revision O.
'

7. General Atomic Vendor Safety Channel Operation and Maintenance
Manual; S023-941-45-13. ,

8. U.S. Nuclear Regulatory Commission,'" Reactor Safety Study: An >

Assessment of Accident Risks in U.S. Commercial Nuclear Power
Plants," WASH-1400, NUREG-75/014, October 1975. ,

9. IEEE Guide to the Collection and Presentation of Electrical anS
Sensing Stations, IEEE-STD500-1977. ?

10. Pickard, Lowe and Garrick, Inc., " Fermi 2 Level.1 Probabilistic Risk
Assessment," Interim Report, PLG-0676 January 1989. ,

11. Pickard, Lowe and Garrick, Inc., "PRA Procedures for Dependent Events
Analysis, Volume II - System Level Analysis," PLG-0453, December 1985.

!
t

6

1

.

t

I

6-1 i

09325010892

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



.

,

APPENDIX A

SONGS UNIT 2 TECHNICAL SPECIFICATIONS
TABLE 4.3-1, REACTOR PROTECTIVE INSTRUMENTATION

SURVEILLANCE REQUIREMENTS

.
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1ABLE 4.3-1o
5 -

? REAC10R PROTECTIVE INSIRtlHENTATION SURVEILLANCE RIQUIR[HENIS
'P
E
q CilANNEL H0 DES IOR WillCil

CllANNEL CilANNEL IUNCi10NAL SURVLILLANCEu ,,

FUNCTIONAL UNIT CllECK CAllBRATION TES! 15 RIQUINID

l'. Manual Reactor Trip H.A. N.A. # 1, 2, 3*, 4*, S*

2. Linear Power Level - High 5 D(2,4),H(3,4). H 1, 2
Q(4), #(4)

3. Logarittunic Power Level - High 5 #(4) H and S/U(1) I,2,3,4,S

$ 4. Pressurizer Pressure - High S # H 1, 2

5. Pressurizer Pressure - Low 5 # M 1, 2

6. Containment Pressure - liigh 5 # M 1, 2

7. Steam Generator Pressure - Low 5 # H 1, 2

8. Steam Generator Level - Low 5 # H 1, 2

9. Local ~ Power Density - High 5 D(2,4), H, #(6) I, 2
#(4,5)

10. DH8R - Low 5 S(7), D(2,4), H, #(6) I, 2

k H(8), #(4,5)
z

k 11. Steam Generator Level.- High 5 # H I, 2

$
12. Reactor Protection System2

o Logic H.A. N.A. H, I, 2, 3*, 4*, $*

E

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



.

.

's:
-

z
TADtE 4.3-1 (Continued)c)

5
32 REAC10R PROIECilVE INSTRUMENTATION SURVEILLANCE REQUIREMENIS

*

'?
E
il CllANNEL HODES FOR WillCil
n, CilANNEL CilANNEL FUNCil0NAL SURVillLANCE,,

FUNCTIONAL UNIT Cll[CK CALIBRAIION 1[5I 15 REQUIRIO

13. Reactor Trip Breakers M.A. H.A. M,(12) 1, 2, 3*, 4^, 5'

14. Core Protection Calculators S D(2.4),5(7) M(11),#(6) 1, 2
#(4,5),M(8)

15. CEA Calculators S # H,#(6) 1, 2

$$ 16. Reactor Coolant flow-Low S # M 1, 2

w
JL 17. Seismic-High S # H 1, 2
e

18. Loss of Load S H'. A. M 1 (9)

$
E
9
9
-

5
.

.

. . . - - . - - - - .
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TABLE a.3-1 (C:ntinued)

TABLE NOTATION

with reactor trio breakers in the closed position and the CEA crive= -

system capaole of CEA withdrawal.

At least once per Refueling Interval.# -

Each startup or wnen recuired with the reacter trip breakers closed(1) -

and the CEA drive syste,n cacaole of rod withdrawal, if not performed
in the previous 7 days.
Heat balance only (CHANNEL FUNCTIONAL TEST not included), above 15%(2) -

of RATED THERMAL POWER; adjust the Linear Power Level signals and
the CPC addressable constant multipliers to make the CPC delta T
power and CPC nuclear power calculations agree with the calorimetric
calculation if absolute difference is greater than 2%. During
PHYSICS TESTS, these daily calibrations may be suspended provided
these calibrations are performed upon reaching each major test power
plateau and prior to proceeding to the next. major test power plateau.
Above 15% of RAiED THERMAL POWER, verify that the linear power(3) -

subchannel gains of the excore detectors are consistent with the
values used to establish the shape annealing matrix elements in the
Core Protaction Calculators.
Neutron detectors may be excluded from CHANNEL CALIBRATION.(4) -

After each fuel loading and prior to exceeding 70% of RATED THERMAL(5) -

POWER, the incere detectors shall be used to determine the shape
annealing matrix elements and the Core Protection Calculators shall
use these elements.
This CHANNEL FUNCTIONAL TEST shall include the injection of simulated(6) -

process signals into the channel as close to the sensors as practi-
- cable to verify OPERABILITY including alarm and/or trip functions.

Above 70% of RATED THERMAL POWER, verify that the total RCS flow(7) -
,

rate as indicated by each CPC is less than or equal to the actual
RCS total flow rate determined by either using the reactor coolant
pump differentini pressure instrumentation (conservatively compan-
sated for measurement uncertainties) or by calorimetric calculations ,

(conseivatively compensated for measurement uncertainties) and if !

necessary, adjust the CPC addressable constant flow coefficients |
such that each CPC indicated flow is less than or equal to the ;

actual flow rate. The flow measurement uncertainty may be included-
in the BERR1 ters in the CPC and is equal to or greater than 4%. !

Above 70% of RATED THERMAL POWER, verify that the total RCS flow(8) -

rate as indicated by each CPC is less than or equal to the actual
RCS total flow rate determined by calorimetric calculations (conserva- j

tively compensated for measurement uncertainties). j

Above 55% of RATED THERMAL. POWER.(9) -
.

(10) - Deleted.

!

|'

i

SAN ONOFRE-UNIT 2 3/4 3-12 AMENOMENT NO. 88
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TABLE 4.3-1 (Continued)

TABLE NOTATION j
|

(11) - The monthly CHANNEL FUNCTIONAL TEST shall include verification tnat J

the correct values of addressable constants are installed in each |
CPERABLE CPC.

t

(12) - At least once per 18 months and following maintenance or adjustment I

of the reactor trip breakers, the CHANNEL FUNCTIONAL TEST shall
include incepencent verification of the undervoltage and shunt trips. j

!
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APPENDIX B

TECHNICAL SPECIFICATION SURVEILLANCES
ON EXCORE SAFtiY CHANNELS

AND RELATED EQUIPMENT

A brief description and an outline of the applicable sections (as

required) is provided for surveillance tests that verify the operability
jof the same portion of the excore nuclear instrumentation safety channels. ;

I. 5023-11-5.5 through Su23-II-5.8 Revision 10

A. T i tl e. Nuclear instrumentation safety channel A through D drawer
test - linear power subchannel gains - channel functional test
and channel calibration (31-day interval; startup).

B. Desc ripti on. Nuclear instrumentation monthly functional test and
cnannel calibration specifically for the safety channel drawer
i tsel f. This test is also performed for each channel prior to
every reactor startup.

C. Responsible Group. Station instrumentation and control.

D. Outline I

1. Section 6.1 - Setup

2. Section 6.2.1 - Pow 6r Supply Check '
,

3. Section 6.2.2 - Logarithmic Circuits

4. Section 6.2.3 - 10-4 Bistable

5. Section 6.2.4 - Rate Channel
'

6. Section 6.2.5 - Linear Amplifiers A10, All, A12
through

Section 6.2.8

7. Section 6.2.9 - Sunmer and Op. Amp A13 and Isolation
Buffer A15

8. Section 6.2.10 - 55% Bistable

9. Section 6.2.11 - CPC Reset

10. Section 6.2.12 - Steam Generator Low Flow Bypass Reset

!

,

'

n

B-1
09025022889
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II. SU23-II-5.1 through 5023-11-5.4, Revision 6 '

s

A. Title Nuclear Instrumentation Safety Channel Drawer
- Logarithmic Power and Linear Power Level Ch6nnel Calibration '

(18-month interval).

B. D escription. Nuclear instrumentation 18-month calibration check
for wnicn an extensive calibration on the power supplies, linear
and log power circuitry, and bistable are performed. *

C. Responsiole Group. Station Instrumentation and Control.

D. Outline
,

1. Section 6.1 - Setup |
through r

Section 6.5
,

2. Section 6.6 - Power Supply PS-1 (+15V)

3. Section 6.7 - Power Supply PS-2 (H.V)

4. Section 6.8 - Tennelec Pulser Setup !

5. Section 6.9 - Calibrator and Signal Selector Calibration

6. Section 6.10 - Logarithmic Count Rate Discriminator Threshold j

7. Section 6.11 - Logarithmic Count Rate Circuitry ,

6. Section 6.12 - Calibration Signal Selector j
i

9. Section 6.13 - Logarithmic Campbell Circuitry

10. Section 6.14 - Alignment Check - Wide-Range Logarithmic
Power Channel ;

11. Section 6.15 - Period Amplifier A7 - Rate Meter Calibration

12. Section 6.16 - Linear Amplifier A10
>

13. Section 6.17 - Linear Amplifier All

14. Section 6.18 - Linear Amplifier A12
|

13. Section 6.19 - Summer and Optional Amplifier A13 and i

Isolation Buffer A15 ~ ,

i
16. Section 6.20 - Isolation Buffer A14 |

;

17. Section 6.21 - 10-4 Bistable A16 Test [
i

:
)

i
;

B-2
u9025022889 ;

,

!

|
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16. Section 6.22 - dst Bistable A17 Test

19. Section 6.23 - Bistable Trip A18 " Trouble"

III. 5023-11-1.1.1 through 5u23-11-1.1.4, Revision 0

A. T i tl e. Reactor Plant Protection System, Channel A through 0,
cnadel Functional Test (31-day interval).

B. Desc ripti on. PPS 31-day functional test that verifies operation
of all the trip functions and other circuitry setpoints (i.e.,
annunciators, test circuitry, etc. ) for the PPS.

C. Responsible Group. Station Instrumentation and Control.

D. Outline

1. Section 6.1 - Power Supply Test

2. Section 6.2 - Ground Detector Test

3. Section 6.3 - Bistable Comparator and Variable Setpoint
Lamp Test

4. Section 6.4 - Bistable Control Panel Digital Voltmeter Test

6. Section 6.5 - Initial Setup

6. Section 6.6 - High Linear Power Level

7. Section 6.7 - Loss of Load Trip

d. Section 6.8 - 10~4 B! stable Interf ace Test

9. Section 6.9 - Steam Generator Low Flow Bypass

10. Section o.10 - High Logarithmic Power Level

11. Section 6.11 - High LPD and Low DNBR Bistables

IV. S023-3-3.25, Revision 7

A. Title. Once-a-Shif t Surveillance (modes 1-4).

B. Descri pti on. Those readings, channel checks, and other
surveillances required to be performed once a shift on a routine
basis are pefonned, including the channel check of the safety
channel and PPS.

;

B-3
09025022889
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I
'

1
C. Responsible G roup. Operations. I

I
D. Outline q

,

Section o.4 - Reactor Protective / Engineered Safety Feature |
Actuation System Instrumentation Channel Checks. r

J

|v. 5023-3-3.2, Revision 4

A. Title. Excore Nuclear Instrumentation Calibration. ;

B. Descri pti on. This test determines core power by secondary |
calormetric and then adjusts the safety channels to agree with :

the secondary calormetric value ano with each other. {
,

C. Responsible Group. Operations.
b

D. Outline

1. Section 6.1 - Power Determination .t

2. Section o.2 - Safety Channel Calibration |

- 3. Section o.3 - Control Channel Calibration ;
!

VI. 5023-V-1.19.1, Revision 0 t

;

A. T i tl e. Excore Log Power Calibration, j
,

B. Description. The results of this surveillance modify the factory i
alignment voltages specified in both the 31-day and 18-month !

instrumentation and control procedures. The information to ;

update the instrumentation and control 31-day surveillance i
procedures is explicitly provided to instrumentation and control '

via this procedure. No modification of the 18-month calibration !
procedure is initiated. That calibration always restores excore !

alignment to factory specifications. !

!

C. Responsible Group. Station Technical (with instrumentation and >

control assistance). I
!

D. Outline I

1. Section 6.1 - Data Collection i
.!

2. Section 6.2 - Safety Channel Excore Logarithmic Power
Calibration

,

3. Section 6.3 - Startup Channel Excore Logarithmic Power :

Calibration j
;

4 Section 6.4 - Restoration i
,

i

f
!
I

B-4 |
09025022889 ,
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TABLE C-1. VERIFICATION OF SUBSYSTEM FUNCTIONS BY CURRENT SURVEILLANCE TESTS

Sheet I of 9

Subsection Channel Check Channel Calibration Channel Functional Test

6.2.1 Power Not directly checked. 1. 5023-11-5.5-5.8 (ISC), paragraph 6.2.1, Not directly

Supply S023-3-3.25 (OPS), (31-day). Verifies proper power supply checked.
paragraph 6.4.1. voltages.
Verify individual
nuclear Range and Using DYM +15V + 0.2V
instrumentation Accuracy -15V + 0.2V

-

drawer switches in -800V + 25V
proper position. Known Drawer itself measured with

Signal DVM.

2. 5023-11-5.1-5.4 (IAC), paragraph 6.6 and
6.7 (18 months). Verifies proper power
supply voltages (same as above) and also
verifies the bistable setpoint for lowr,

J. voltage on the 800V power supply.

Range and Same as above.
Accuracy

Known .'ame as above.
Signal

09135101587



TABLE C-1 (continued)

Sheet 2 of 9

Subsection Channel Check Channel Calibration Channel Functinnal Test

6.2.2 Log 5023-3-3.25 (OPS), 1. 50h3-II-5.5-5.8 (IEC), 5023-11-1.1.1 through
Circuits paragraph 6.4.1. paragraph 6.2.2 (31-day). Ilsing DVM 1.1.4 (IEC), paragraph

Record the log power and log, calibrate positions 1 6.10.
readings (four through 6 - verify each outpat in 1. Turn off excore
channels and verify voltage and meter reading to be drawer and
all readings within within the required range and accuracy. separately
1/3 decade. deenergize ll.V.

In excore drawer
.

Verify annunciator
(56R05,15,25, and

Range and Source SOZ1-V-1.19.1, and (35)
Accuracy paragraph 6.2 and "N! IHOPERATIVE

Attachment 4. Cil ."r3

m
Known Voltage output measured 2. Using log trip test,
signal by DVM. potentiometer in

excore drawer -
verify histable in

2. 5023-11-5.1-5.4 (I&C), paragraph 6.9 PPS and control roon
through 6.14 (18-month). annunciator 56Al2

(pretrip) and
a. Verifles the wave forms for each of 56A02 (trip)

the six positions of the log setpoints (0.89%)
calibrate seier. tor. are correctly set.

b. Verif tes the log count rate
discriminator threshold using the
Tennelec Pulser.

09135101587
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TABLE C-1 (continued)

Sheet 3 of 9

Subsection Channel Check Channel Calibration Channel Functional Test

c. Adjusts the voltage output for
each of the six positions of the
log calibration switch.

d. Performs an alignment check of
the indications and voltages for
the log power channel.

Range and Per this procedure.
Accuracy

Known Tennelec Pulser or
Signal voltage output measured

by DPM.c)
On

6.2.3 1. Not directly 1. 5023-II-5.5 through 5.8 (Il-C) 5073-11-1.1.1 throuah
10-4 Bistable checked. paragraph 6.2.3. Using DVM and 1.1.4 (IEC) paraaraph

5023-3-3.25 safety drawer " log trip test 6.8 '

(OPS), paragraph potentiometer" - verify setpoint
6.4.1. Verify and accuracy of 10-4 bistable 1. Using the excore

switches in voltage output from nuclear safety channel |
nuclear instrumentation drawer. drawer " log
instrumentation calibrate switch," )
drawer in proper verify that-

!position.
a. Excore drawer'

"10-4 bistable
s

light" functinns

! properly.
,

.

I
i

i

09135101587'
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TABLE C-1 (continued)
"

Sheet 4 of 9

Subsection Channel Check Channel Calibration Channel Functional Test

2. 5023-3-3.25 Range Specified in step.
(OPS), paragraph Accuracy

C.12. Verify
CPC remote Known Drawer voltage output b. ROM "High Log
operations dignal measured by DVM. Bypass Off"
module 10-4% functions
bypass switch in properly,
proper position.

2. 5023-II-5.1 through 5.4 (IEC), 3. ROM "Hiah Log Power
paragraph 6.2.1 (18-month). Bypass" light
Adjust the 10-4 bistable to trip functions properly.
within the required voltage value.

4. Control Room
Range and Specified in this step. annunciator 56A47,

S' Accuracy "high log power
#" permissive"

Known Drawer voltage output operates properly.
Signal measured by DV!1.

6.2.4 Rate Not directly checked. 1. 5023-II-5.5 through 5.8 (IAC), 5023-11-5.5 throuah 5.8
Channel 5023-3-3.25 (OPS), paragraph 6.2.4. Using DVM and (IEC), paranraph 6.2.4.

paragraph 6.4.1. " rate calibrate switch," verify
Verify individual ODPM, 7DPM, and alarm setpoint, 1. Alarm setpoint and

' nuclear all within required tolerance. control room
| instrumentation annunicator

drawer switches in functionally tested
! proper position. by same procedure.

|

!

0913S101487
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TABLE C-1 (continued)

Sheet 5 of 9
Subsection Channel Check Channel Calibration Channel Functional Test

Range and Specified in this 2. PPS 31-day test has
Accuracy procedure. no steps to test

this - none
Known Voltage output measured by required.
Signal DYM.

2. 5023-II-5.1 through 5.4 (IaC),
paragraph 6.15 (18-month). '

Adjusts the rate meter circuit for !

O and 7 DPM, corresponding to 0 and
10 volts.

Range and Specified in this procedure.
Accuracy

"' Known Drawer voltage output
Signal measured by DPM.

6.2.5 through 1. 5023-3-3.25 (OPS) 1. 5023-3-3.2 (OPS), paragraph 6.2.3. 5023-11-1.1.1 thru
6.2.9 Linear paragraph 6.4.1. Using plant conyuter generated 1.1.4 (ItC),

Channel Zero, Compare all four secondary calorimetric (CV9005) paragraph 6.6.
Gain, and ' linear safety value and DVH measurement of
Summer and channel actual nuclear instrumentation 1. Using the Ifnear

Output Amp. indicators - must output voltages - adjust all four trip test

agree within 21 nuclear instrumentation output potentiometer in
of secondary voltages to agree with calculated the excore safety L

!calorimetric voltage generated from channel drawer,
power and CPC calorimetric. This also adjusts verify functional
indicated power. CPC constants to ba the same as operation and

,

calorimetric value by calculation, calibration
setpoint of

09135101487

_ _ _ _ _ _ _ . __ _-.. _ _ __ . _ _ . . _. _ _ . - - . . . _ . _ . - _ _ _ . - _ . - _ . _ _ . _ _ - . _ - - _ _ . . _ - . -_ _ _ . . _ _ _ _ _ _ _ _ _ _ _ __
.
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TABLE C-1 (continued)

'Sheet 6 of 9
Subsection Channel Check Channel Calibration Channel functional Test

2. 5023-3-3.25 (0pS) pretrip and trip :
Attachment 3, item setpoint by
32, verifies all Range end Specified in this observing both
switch positions Accuracy procedure. Indicated power and :
and indicating output voltage.
lights in proper Known Secondary calorimetric !

position / Signal calculated power {PMS 2. Also verify ROM '

indication. PT.ID. CV9005). indicator lights
and annunciator
windows 56All and
56A01 operate
properly.

2. 5023-II-5.5 through 5.8 (18C),
S' paragraph 6.2.5 through 6.2.9. !

m

a. Using known mil 11 ampere input to
each linear amplifier, verify 0 and
10 volt calibration of voltage
output and meter reading for each1

applifier and summed output.

b. Verifies using DVM that ROM linear
calibrate potentiometer, is calibrated
to 10V output to nuclear
instrumentation drawer.

Range and In procedure and from
Accuracy 5023-V-1.6.

Known Standard milliampere input
Signal from calibrated source.4

i
I

!

09135101487
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TABLE C-1 (continued)

!

Sheet 7 nf 9

Subsection Channel Check Channel Calibration Channel functinnal Test i

,

'

.
3. 5023-11-5.1 through 5.4 (IAC),

paragraph 6.16-6.20 (18-month).

a. Using the calculated current values ,

excore safety channel technical manual '

group, calibrate linear subchannel
- gains for each amplifier for the
zero, 100% and 200% values.

b. Adjust the linear calibrate switch
output for zero and 2001 to - |

correspond to the current values
from the technical manual.

S' c. Verify calibration of the summing
'd circuit. '

l

d. Veriffes the proper operation of the
isolation buffer circuitry.

Range and Specified in this procedure. >

Accuracy

Known -Voltage output acasured by !
Signal DVM.

.

t

!

:

09135101487
>
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TABLE C-1 (continued)

Sheet 8 of 9

Subsection Channel Check Channel Calibration Channel Functional Test

6.2.10 5023-3-3.25 (OPS), 1. 5023-11-5.5 through 5.8 (IEC), 1. 5023-T1-1.1.1
55% Bistable paragraph 6.4.1 and paragraph 6.10. Using the linear trip through 1.1.4 (1/C),

Attachment 3. test control, verify that the paragraph 6.7.
Verify that above 55% bistable trips are within the Verifies that the

55% power, the loss required tolerance and the light is loss of load trip

of load trip is eliminated. can initiate when
enabled by the the loss of load
presence of the Range and From 5023-V-1.19.1 bypass annunciator
55% light on the PPS Accuracy 56A30(40, 50,
cabinet. and 60) is

Known Actual channel signal and extinguished.

Signal voltage output as measured Also veriffes
by DVM. operitdlity of

the loss of load
5' annunciator, usino

the linear trip'

test potentiometer
in nuclear
instrumentation
drawer.

__

09135101487
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .- - - _ _ . _ _ _ _ _ _ _ _ _ _ _



TABLE C-1 (continued)

Sheet 9 of 9

Subsection Channel Check Channel Calibration Channel Functional Test

2. 5023-11-5.5
2. 5023-II-5.1 through 5.4 (IAC), through 5.8 (I AC),

paragraph 6.22 (18-month). paragraph 6.2.10.
Calibrate the voltage output Functionally
corresponding to 55% power and verify verifies 55%
that the histable trips within the histable output and
required tolerance. control room

annunciator 56A30
Range and (40, 50, and 60)

Accuracy Per this procedure. using linear trip
test potentiometer

Known in nuclear
Signal Actual channel voltage instrumentation

output as measured by DVM. drawer.

E
6.2.11 CPC N/A* N/A N/A
Reset NOTE: Performed by Procedure 5023-II-5.5

through 5.8 to realign equipment to
" operable" status after
performance of this test.

6.2.12 Steam N/A N/A N/A
Generator NOTE: Performed by Procedure 5023-1I-5.5
Low Flow through 5.8 to realign equipment to
Bypass " operable" status after
Reset performance of this test.

*H/A = not applicable.

09135101487
__
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APPENDIX D
i

NUCLEAR INSTRUMENTATION SURVEILLANCE IMPLEMENTATION j

OF TECHNICAL SPECIFICATIONS AT OTHER UTILITIES I
|

A number of other utilities have the same General Atomic safety channels
3

as those at SONGS Units 2 and 3. These include: |

Utility Nuclear Plant

'Arkansas Power & Light Company ANO-2

Louisianna Power & Light Company Waterford 3

Boston Edison Company Pilgrim Station

Arizona Public Service Company Palo Verde 1, 2, and 3
!

A comparison between SONGS and other utilities with the same excore .

safety channels has potential benefits because each utility may assign ,

different groups (i.e., operations or instrumentation and control) and
have a different procedural organization to satisfy the same technical '

specification requirements. The comparison could yield cases for which
the utility has increased system availability and reduced manpower ,

requirements by simply reorganizing the procedures into a more logical ;

and effective fomat. ;

The Arkansas Pwer & Light Company and Arizona Public Service Company i

provided information of surveillance testing policies for the nuclear
instrumentation safety channel drawers.

Table D-1 provides specific information on how each of these utility's
surveillances on the nuclear instrumentation safety channels compares *

with the methods presently used by Southern California Edison Company.
Figures D-1 and U-2 provide reproduced copies of the actual technical
specifications for ANO-2 and Palo Verde 1, respectively (References 0-1
and 0-2 ),

Both plants have technical specifications that are very similar to those ,

!for SONGS Units 2 and 3. The major differences in the method of
surveillances are

o Palo Verde ;

Pwer supplies are checked on an 18-month basis only. (SONGS is !
-

checked monthly. )
!

!

i

D-1
09125022889 i

i
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, ,

|

i

To satisfy the linear succhannel gain requirement, the "tinear-

calibrate" switch is used in a monthly test, and a milliampere
source is used on the quarterly test (similar to SONGS monthly ,

test.) ,

!
e AND-2

:

Tne prestartup requirement for log channel functional test is
completed by the operations group as part of the operations startup '

procedu re. This requirement at SONGS is met by the Instrumentation
and Control Department. |

I
REFE,R,ENCES

D-1. Arkansas Nuclear One - Unit 2 Technical Specifications Appendix A
to License No. NPF-6.

)

D-2. Technical Specifications, Palo Verde Nuclear Generating Station,
Unit 1, Dortet No. 5-528, Appendix A to License No. NPF-41.

!
,

>

?

!

I

i

;

i

:

,

I

t

!
|

l

!
;

i

!
!

,

!
i
!

j

i
i
,

D-2
09125022889
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TABLE D-1. COMPARISON OF TECHNICAL SPECIFICATION SURVEILLANCES
ON NUCLEAR INSTRUMENTATION SAFETY CHANNELS

Sheet'l of 2
'

SONGS
C omparison C ompari son

Channel with withRequi rement Palo Verde ANO-2

Log-Channel Shift - Channel Same as SONGS. Same as SONGS.
Check (operations)

i

.

Monthly Functional Same as SONGS. Same as SONGS. ]
Test 1

(instrumentati on i
!and control)

Startup Functional Same as SONGS. Performed by
Test Operations
(instrumentation Department as part
and control) of startup procedure.

Refueling Channel Same as SONGS. Same as SONGS except
Calibration does not use Tennelec
(i nstrumentation Pul ser.
and control)

Linear Shift - Channel Same as SONGS. Same as SONGS.
Channel Check

(operations)

Daily Channel Same as SONGS. Same as SONGS.
Calibration

I t

D-3
09125030169
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i

TABLE 0-1 (continued)

Sheet 2 of 2 i
!

SONGS
Comparison C ompari son

Channel with withRequi rement Palo Verde ANO.-2

Linear Monthly Channel Same as SONGS Same as SONGS.
Channel Calibration except: -

,

(conti nued) (instrumentation )
and control) e Power supplies ;

not checked. ;

e Linear !

subchannel |
gains verified ;

using " linear i

calibrate"
potenti ometer, i

as opposed to
using a
milliampere
sou rce.

!

!

Quarterly Channel Same as SONGS Same as SONGS. -|
Calibration except }

'(inst rumentation ' dif ferent
and control) procedure used |

for quarterly !
versus monthly ,

tests. j
Quarterly j

procedure r
'includes use of

milliampere !

source, as at ,

SONGS. |

Refueling Channel Same as SONGS, Same as SONGS. [
Calibration ;

(instrumentati on
~

and control) j

Monthly Functional Same as SONGS. Same as SONGS.
Test j

(instrumentation i

and control)

;

I

D-4 !

09125022.889

?

;

!
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FIGURE D-1. ARKANSAS UNIT 2 TECHNICAL SPECIFICATION
TABLE 4.3-1, REACTOR PROTECTION INSTRUMENTATION

SURVEILLANCE REQUIREMENTS

,

,

I

D-5

,
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_ TABLE 4.3-1

REACTOR PROTECTION INSTRUMENTATION SURVEILLANCE REQUIREMENTS

CHANNEL MODES IN WHICH
CHANNEL CHANNEL FUNCTIONAL SURVEILLANCEFUNCTIONAL UNIT

CHECK CALIBRATION TESTS REQUIRED

1. Manual Reactor Trip H.A. N. A. S/U(1) N. A.
2. Linear Power Level - High 5 D(2,4), M 1, 2 '

M(3,4),
Q(4)

3. Logarithmic 'ower Level - High S R(4) M and S/U 1, : 3,4,5
(1) and *

,

4. Pressurizer Prossure - High 5 R H 1, 2
,

5. Pressurizer Pressure - Low S R H 1, 2 and *
i

6. Containment Pressure - High 5 R H 1, 2 i

7. Steam Generator Pressure - Low 5 R H 1, 2 and *
8. Steam Generator Level - Low 5 R M 1, 2
9. Local Power Density - High 5 0(2,4), M,R(6) 1, 2

R(4,5)
10. DNBR - Low

,

5 S(7), M,R(6), 1, 2
D(2,4),

iM(8), '

R(4,5)

11. Steam Generator Level - High S R H 1, 2 i

12. Reactor Protection System
Logic

N. A'. N.A. M 1. 2 and *
13. Reactor Tr.ip Breakers N.A. N.A. M 1, 2 and *
14. Core Protection Calculators S,W(9) D(2,4) M,R(6), 1, 2

,

R(4,5)

15. CEA Calculators S R M,R(6), 1, 2
P

|D-6
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TABLE 4.3-1 (ConMnuedl ,

TABLE NOTATIONS

Vith reactor trip breakers in the closed position and the CEA* -

drive system capable of CEA withdrawal. |

!

If not performed in previcus 7 days.(1) -

Heat balance only (CMANNEL FUNCTIONAL TEST not included), above(2) -

15% of RATED THERKAL POWER; adjust the Linear Power Laval signals .

and the CPC addressable constant multiplers to make the CPC AT
power and CPC nuclear power calculations agree with the
calorimetric calculation if absoluta difference is >2%. During
PHYSICS TESTS, these daily calibrations may be suspended provided

|these calibrations are performed upon reaching each major test
!power plateau and prior to proceeding to the next major test !

power plateau.

Above 15% of RATED THERMAL. POWER, verify that the linear power(3) -

subchannel gains of the excore detectors are consistent with the
values used to establish the shape annealing matrix elements in
the Core Protection Calculators.

(4 r - Woutron detectors may be excluded from CHANNEL CAL 18 RATION.
L

!

After each fuel loading and prior to exceeding 70% of RATED(5) -

THERMAL POWER, the incere detectors shall be used to determine
the shape annealing matrix elements and the Core Protection
calculators shall use these elements.

This CHANNEL FUNCTIONAL TEST shall include the injection of !
(6) -

staulated process signals into the channel as close to the
sensors as practicable to verify CPERABILITY including alarm

-

and/or trip functions. ,

verify that the total RCS flow 1

(7) Above 70% of RATED THERMAL POWER,less than or equal to the actual
-

rate as indicated by each CPC is
,

RCS total flow rcte determined by either using the reactor
coolant pump differential pressure instrumentation
(conservatively compensate for measurement uncertainties) or by
calorimetric calculations (conservatively compensated for

|

,

measurement uncertainties) and if necessary, adjust the CPC
i

addressable constant flow coefficients such that each CPC
indicated flow is less than or soual to the actual flow rate.
The flow measurenant uncertainty.may be included in the BEAR 1
ters in the CPC and is equal to or greater than 45.

Above 70% of RATED THERMAL POWER, verify that the total RC5 flow(8) -

rate as indicated by each CPC is less than or equal to the actual
RCS total flow rate determined by calorimetric calculations
(conservatively compensated for measurement uncartainties,).

The correct values of addressable constants shall be verified to(9) -

be installed in each OPERABLE CPC.

ARKANSAS - UNIT 2 3/4 3-8 Amendment flo. 24, II, 77 |

D-7
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FIGURE D-2. PALO VERDE UNIT 1 TECHNICAL SPECIFICATIONS
TABLE 4.3-1, REACTOR PROTECTIVE INSTRUMENTATION

SURVEILLANCE REQUIREMENTS

%

|

!

I
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