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Reactor Shutdown System Unavailability Improvement
by Using a System of Continuous Data Validation

Dominant accident sequences in LMFBRs are characterized either by failure
of reactor scram or failure to remocve the decay heat. The frequency of fail-
ure-to-scram accident sequences.is proportional to the unavailability of the
reactor shutdown system (RSS).

The RSS can be divided into an electrical subsystem and a mechanical
subsystem. The electrical subsystem includes all the components from the
sensors through the scranm breakers. Its function is to cut off the power
supply to the control rod drives. For LWRs it is believed that the mechanical
subsystem is much less likely to fail than its electrical subsystem. Also,
all the events, excluding the Browns Ferry partial failure to scram, that have
occurred in operating LWRs and had the potential to cause a scram failure
involved failures of the electrical subsyster. The Browns Ferry event in-

volved failure of the scram discharge volume which does not have a counterpart
in the LMFBR RSS.

The objective of this work is to show that the unavailability of the
scram initiation function of the RSS can be significantly reduced by using a
system of continuous data validation and manual scram as a redundant and
diverse means of cutting off the power supply to the control rod drives. A
continuous data validation system that can be used for that purpose is cur-
rently under development at Argonne National Laboratory and is envisioned to
operate as follows. Direct sensor measurements of safety-important parameters
are fed to the system every few seconds. These direct measurements and
"analytic" measurements generated in real-time from an analytic plant model
are compared for consistency. Through this comparison, instrumentation and
other plant component failures can be identified, and validated valuas of
safety-important parameters can be generated even in the presence of a sig-
nificant number of instrumentation common-cause failures.

Such a data validation system can be used to generate promptly a scram
signal whenever the plant safety parameters exceed their limiting values, or
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whenever the plant state cannot be determined (validation failure) due to a
large number of instrumentation failures. Thus, the data vaiidation system
can be used as a means of scram signal generation that is reduridant and di-
verse to the part of the conventional RSS electrical subsystem that extends
from the sensors through the scram jogics. Consequently, the contribution of
this part of the electrical subsystem to its unavailability can be signifi-
cantly reduced. However, the contribution of common-cause failures in compon-
ents following the scram logics would not be affected. This contribution is
significant. For example, the Salem event was due to common-cause failure of
the scram breakers.

In LMFBRs, and especially pool LMFBRs, for anticipated transients other
than loss of offsite power and positive reactivity insertion, if failure to
generate an automatic scram signal does not generate a pump trip, there is
significant time available for manual scram if the operator receives early
enough a validated scram signal. For example, in the event of loss of main
feedwater and failure to scram, if primary flow is available, the sodium
saturation temperature is reactz4 in ~30 min. in a pool LMFBR and in ~10 min.
in a loop LMFBR. In the absence of validated data, due to the significant
economic implications of a spurious scram, the operator faces the dilemma of a
spurious scram or an accident due to scram failure. Emergency operating
instructions of commercial LWRs stress avoidance of manual actions before
failure of automatic actions has been verified. The operator is 1nsiructed to
verify prevailing conditions by using miltiple indications (i.e., alarms,
charts, indicating lights, gauges, and other instrumentation). From this
discussion it is clear that the reliability of manual scram can greatly be
enhanced if a scram signal is gen2rated for the operator by a reliable data
validation system. This system and the operator can be used as a means of
reactor scram initiation that is independent of common-cause failures in the

entire electrical subsystem of the RSS (from the sensors through the scram
brakers).

To estimate how much the unavailability of the RSS scram initiation
function can be reduced if a data validation system is used, the following
analysis was performed. A
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For operating PWR plants, frequencies of 0.16 and 0.02 per reactor-year
have been estimated for loss of offsite power and uncontrolled rod withdrawal,
respectively [1]. For commercial LWRs, the NRC staff has estimated a
frequency of seven ATWS significant transients per year [2]. In EBR-II [3],
the average frequency of scram for the iast six years was 6.5 events/year.
Loss of offsite power and uncontrolled rod withdrawal contribute only ~2.6% to
a frequency of seven ATWS significant events per reactor-year. Thus, for more
than 97% of the events there is adequate time for manual scram if a validated
scram signal is available to the operator. Mcreover, if loss of offsite power
causes inherently loss of power to the control rod drives, only uncontrolled

rod withdrawal events are of concern and the above percentage increases to
99.7.

At this stage, a detailed design for a data validation system is not
available. Gai et al. [4], have estimated an unavailability of 2 x 10‘3 for
the b1ant computer system of the Waterford III nuclear power plant. This
system, which consists of two redundant computers, seems to have basic simil-
arities with a data validation system. In Ref. 5, a conservative estimate of
3 x 10-5 has been obtained for the unavailability of the primary and secondary
systems of an LMFBR power plant design.

The unavailability Q of the RSS scram initiation function can be written

as:
f f
S - + - e
Q=gxq +(1-2)xq (q +P] (1)
where
f = frequency of events that do not allow adequate time for manual
scram
F = frequency of ATWS significant transients = 7/yr
Qe = unavailability of the RSS electrical subsystem = 3.0 x 10-6
qQq = unavailability of the data validation system = 2 x 10'3
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Py ~ = probability of operator failure to initiate scram

Equation (1) was used to obtain the following unavailability estimates

Time (min.) f/F P Q 3 x 1078/0
g 0.026 0.002 9.0 x 10-8 33
5 0.003 0.002 2.1 x 10-8 145
15 0.026 0.001 8.6 x 1078 35
15 0.003 0.001 1.8 x 10-8 169
3% 0.026 0.0005 8.4 x 10-8 36
30 0.003 0.0005 1.6 x 10-8 185

The Po values of 0.0005, 0.001 and 0.002 correspond to 30, 15, and 5 min. of
available time for operator action, respectively [6]. These results show that
the unavailaebility of the scram initiation function can be reduced by one to
two orders of magnitude. For these estimates, the conservative assumption was
made that if no data validation system is available P, = 0.0. This probabil-
ity is expected to be greater than zero, especially for the longer time
intervals and whenever scram failure is not caused by miltiple instrumentation
faflures. However, even in these cases the unavailability of scram initiation
is further reduced if validated data is provided to the operator. Moreover,
due to the large uncertainties in common-cause failure rates and the probabil-
ities of suctessful operator action, regardless of the actual magnitude of the
expected reduction, a data validation system provides assurance that manual

scram wiil be effective and a substantial credit for operator action is war-
ranted.
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