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Abstract: After years of separate development, the Eastern and Western
concept of safety is now being merged. A significant issue in this process is the
philosophy of automation versus operator action for control of safety systems.
This paper discusses some aspects of this issue and presents enhancements
made at Temelin which merge the Eastern and Western philosophies.

Introduction:

The Temelin I & C design is a challenge for all parties involved, especially for the
designers, because it forms a confrontation of two different philosophies regarding
operator actions - Eastern and Western. The difference is the confidence placed in
human response when facing a plant emergency.

A typical feature of the Western philosophy is confidence that the operator will follow
established procedures when facing any kind of situation, provided that he has adequate
information and sufficient time for diagnosis and action. Therefore, only "administrative"
supporting measures (procedures, training, etc. ) are felt to be needed for the operator.
This approach provides a flexible environment for the operator to cope with events far
beyond (or far different from) the events considered in the design basis for the automatic
operation.

Most of the reactors in operation in Eastern Europe (WER type) were designed in
Russia. What is called the Eastern approach, therefore, follows the philosophy
developed in the former Soviet Union. This approach is based (with perhaps good
historical reasons) on the assumption that the operator is likely to make significant
mistakes in his actions when faced with an emergency. To prevent these mistakes,
additional features for automatic operation must be incorporated in the design. An
inevitable consequence of these features, however, is less flexibility for the operator to
intervene during scenarios not addressed in the design, even though his actions may be
best for plant safety. The requirement for automatic control to have priority over manual
control is also incorporated in licensing regulations and statutes in some eastern
countries.
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Lessons Learned from History

As stated in the introduction, there is a significant cultural difference in the philosophy of
safety system automation between the U.S. NPPs and WERs. U.S. safety systems tend
to be automatically actuated, with subsequent manual throttling and control. The operator
can generally turn off a safety system, once it has been fully actuated and manually
reset. Criteria for automation and operator control are specified in industry standards
such as ANSI/ANS-5.8, "Time Response Criteria for Nuclear Safety Related Operator
Actions". On the other hand, WER safety systems tend to be fully automatic, including:
automatic actuation, automatic isolation of spilling lines, and automatic flow and level
control. The philosophy is that the operator should not override safety system automatic
operation.

Interestingly, both cultures claim support by the Three Mile Island accident. That
accident, at unit 2 of the Three Mile Island in March 1979, remains the world's worst
PWR accident, and many of the most important lessons are general enough to be applied
to any reactor design. It was a small loss of coolant accident (the pressurizer power-
operated relief valve stuck open). But an otherwise trivial event became a partial core
meltdown because the operators did not properly diagnose and treat the malfunction.

They had plenty of excuses. A LOCA at that location had not been analyzed for the TMI
plant, and the symptoms were unlike the LOCAs for which they had been trained. Also,
some of the most important information displayed was misleading. So they followed their
training and procedures, and shut off injection when the pressurizer was full.

One clear lesson from the event: Expect the unexpected. Accidents will not follow the
course of events they were assumed to follow in design basis safety analysis. Actions
assumed to be beneficial for one scenario can be harmful for another one. There will
always be complicating factors. (If there aren't complicating factors, the event will be so
trivial no one will call it an accident.)

There were numerous investigations and reports on the incident, and many changes in
I&C, operation and training, licensing, etc. In most western countries, there was no
significant effort to further automate safety systems to mitigate such an event.

However, opposite lessons seem to have learned by the two safety cultures mentioned
before.

Everyone agrees that the accident was caused by operator error - wrongly shutting off
injection flow when it was needed. From that conclusion:

Eastern European culture seems to consider that the TMI accident proved the
fallibility of the operator, and proved that automatic safety systems should not be
overridden by a human. Therefore the cure is increased automation, and means
of preventing the operator from interfering with the automatic response.
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Whereas

Western culture considers that the TMI accident was caused by the operator
following his training and procedures (like a computer), rather than diagnosing the
cause and taking the correct action for the unexpected accident. Therefore, the
cure is to improve instrumentation display and control room human factors;
operator training (e.g., symptom-based procedures); and put more effort in
considering non-design basis events. ("Non-design basis" means variations of
design basis events even though they may not be inherently severe, as well as
events so unlikely and severe that they are beyond design basis.)

In the U.S. and most of the western world (including Japan and South Korea), there has
been an enormous effort expanded on the elements listed above. Everything from
Reactor Vessel Level Instrumentation to the U.S. Federal Emergency Management
Agency has been implemented. But despite the enormous effort put into ensuring that
an accident such as TMI would not happen again, one area has been negligibly affected
in the U.S.: the degree of automation of safety systems, and the ability of the human
operator to make the ultimate decision on the status they should have.

We believe there are valid arguments on both sides, and that it would be a mistake to
take an extreme view on either side. The remainder of this paper illustrates how the two
views were merged in the Temelin safety system I&C.

Symptom-Based Emergency Operating Procedures

In the frenzy of regulatory activity following the TMI accident, the USNRC requested all
nuclear utilities to band together into "owners groups", to provide more efficient dialogue
on proposed new requirements. One new NRC requirement was to leave safety injection
on for 20 minutes following any actuation. That requirement was opposed by many
utilities. That, and related other questions on appropriate operator responses to an
accident were the first tasks of the newly formed organization which became the
Westinghouse Owners Group (WOG).

The WOG was formed in June 1979 (2-1/2 months after the TMI accident), and included
all U.S. owners of Westinghouse-designed PWRs. (It now includes 24 U.S. and 8
international utilities, operating 78 PWRs.) The first task assigned to the WOG was to
develop simple, generally applicable criteria for manually terminating and restarting safety
injection.

Small LOCAs in general, and steam generator tube ruptures in particular, received
special attention. The occurrence of several operating events provided both an additional
incentive for development of generic Emergency Response Guidelines (ERGs) and
opportunities to validate them on actual events. These operating events included a
spurious safety injection actuation at Crystal River and the Prairie Island tube rupture,
both in that same year (1979); and the Ginna tube rupture event of January 1982. The
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Ginna event involved several complications, including a pressurizer PORVthat failed in
the open position after multiple uses; two hours of steam generator (SG) leakage with
considerable liquid discharged through the steam line atmospheric relief valve; and 1-1/2
days of "Site Emergency" (just one step below "General Emergency" involving the public
and possible evacuation).

The WOG Procedures Subcommittee continues to meet several times a year to review
and direct activities on emergency operating procedure (EOP) maintenance and
improvement.

Lessons from EOP Development for Temelin

To comply with licensing requirements for the Temelin plant, the activity for development
and implementation of symptom-based emergency operating procedures (EOPs) was
started at the Temelin plant at the beginning of 1993 and lasted for the next three years.
Development of plant specific EOPs was based on technology transfer using Emergency
Response Guidelines Methodology developed by the WOG. Temelin EOPs include
Optimal Recovery Guidelines, Function Restoration Guidelines, and Critical Safety
Function Status Trees.

EOP development provides a disciplined, step-by-step analysis of questions such as
"What if...? How do you know it works? What do you do if it doesn't work? And what
happens next?" These questions are addressed for complete, long-term recovery from
the complete spectrum accidents (and not limited to the selected set of design basis
events as analyzed in the Safety Analysis Report).

Certain problems were identified during the development of the Temelin symptom based
EOPs, when the Western philosophy of operator intervention into the course of the
accident had to be adopted to the highly automatic concept of WER design. It was
found as a difficult task to ensure correct operator response for emergencies in the cases
where automatic actions prevent him from performing desired manual actions. The
philosophy of the original Russian design, to cover most of the possible emergency
situations by automatic control of the emergency safety features equipment (with priority
over manual control), can lead to situations in which the operator could ensure plant
safety only by defeating the safety systems at the I&C cabinets or the electric cabinets.
These beyond design basis actions make the recovery more difficult, and can be viewed
as a violation of good safety culture and practices.

In the original design for Temelin, the ECCS (high and low head injection) are actuated
by an "S" signal, which starts pumps, aligns valves for injection, and locks out operator
control. The S signal can come from any of the following:

o Low hot leg subcooling (approach to saturation in any hot leg)
o High containment pressure
o High RCS-to-SG saturation temperature difference coincident with low SG
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pressure (for steamline break protection)

The Temelin EOP development found several problems where optimal recovery actions
were in conflict with the algorithms for automatic safety system operation:

o Steam generator tube rupture with natural circulation and non-uniform cooldown;
o SG manifold (collector seal) failure;
o Small LOCA with transfer to Residual Heat Removal
o Loss of offsite power (LOOP) during heatup or cooldown.

These were scenarios whose sequence of events differed from that assumed in the
design basis cases considered for the automation of the safety systems. Consequently,
the automatic control of the safety systems was not optimal. In some cases, the
automatic action was opposite to the necessary recovery action. And the Russian I&C
design principle that automatic action must not be overridden by the operator made
recovery very difficult.

Russian operating practice forbids the operator to take any action affecting safety
systems in the first 30 minutes of an accident. And in the standard WER-1000 design,
the operator can not interfere with the ECCS automatic operation (at least from the
control panel) if saturation conditions exist in any hot leg unless pressurizer level is
sufficiently high. Despite the intent of the ECCS automatic control to prevent or correct
operator errors, this logic enables him to make the same mistakes which led to the TMI
partial core meltdown; i.e., to shut off safety injection when the pressurizer is nearly full,
even if the reactor core is uncovered. (It should also be mentioned that the WER-1000
surge line has a has a low point that forms a loop seal, like the TMI surge line, such that
water cannot drain by gravity from the pressurizer into the reactor.)

The best example of the difficulties presented by this design is the automation of the
Emergency Core Cooling System (ECCS) and its action during a large primary-to-
secondary system leak. On WERs, a large leak (equivalent diameter of 100 mm) can
occur as a result of failure of the internal SG manifold. Although this event is considered
a design basis event for WERs, it is outside the envelope of events considered in the
automation of the ECCS. In comparison with western PWRs, WER-1000s have both a
very large ECCS injection capacity and a small reserve of emergency coolant. The result
is that the ECCS water supply, in the containment sump, will be exhausted in 45 minutes
if the ECCS is allowed to operate without throttling. The ECCS injected will leak through
the SG fault, and be discharged through the steam lines to either the condenser or to the
atmosphere via atmospheric relief. In either case, it is not available for core cooling.
The proper operator action is to reduce ECCS injection rate (to lengthen the time
available), isolate the faulted SG, cool down with the other SGs, and then terminate
ECCS to stop the leak. These actions are complicated by the ECCS actuation and
control, which may tend to restore full ECCS injection under several scenarios that may
occur during recovery. The intermediate solution for Temelin, using the Russian design
principles, was to establish control of the components at their local cabinets, using
telephone communication from the main control room. (Manual control of ECCS in this
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particular case is essential for successful recovery and prevention of core uncovery.)

Another example is a single-tube SG tube rupture (SGTR). This occurrence will not
cause an immediate S signal if normal reactor makeup is available, but recovery
operations may cause a S signal. In the Westinghouse and Czech studies, we found
many possibilities for either a low hot leg subcooling signal or a steam line break signal
to be generated during the recovery phase if the operator was not very careful in his
recovery actions (even though he may have followed the EOPs perfectly). And once
generated, the signal is not easy to reset.

This (potential or actual) loss of control over important components can hinder the
operator's ability to mitigate the SG leak.

Recognition of EOP Lessons

This situation led Czech and Westinghouse engineers to review the safety related
algorithms, with the view of minimizing the cases in which automatic control could
perform counterproductive actions and could prevent the operator to take corrective
action. These reviews were well underway at the time of the IAEA mission to Temelin
in March 1996. The IAEA had some good things and some bad things to say in their
report of that mission. The summary section of their report includes these statements:

"The combination of eastern and western technology and practices and the
potential compatibility problems seem to have been carefully considered at
Temelin. In several cases, the combination of eastern and western technology
has led to safety improvements in comparison with international practice."

"Implementation of symptom-based emergency operating procedures should
contribute significantly to the plant's ability to respond effectively to unexpected
plant events. However, local override of some automatic protective actions are
required to carry out optimum response actions of EOPs. Additional effort may
be warranted to minimize the need for local overrides of safety systems and
ensure adequate control of such actions."

"Temelin has made extensive progress toward the implementation of operational
practices and programs that are responsive to the IAEA recommendations and
consistent with those used in many of the best operational nuclear power plants...
Development of Emergency Operating Procedures (EOPs) is well along, and these
procedures are consistent with current industry practice."

"...the Russian philosophy used in the design of the I&C system, which gives
automatic safety functions priority over manual control, is inconsistent with the
more current accident response philosophy incorporated in the symptom-based
emergency operating procedures. In order to respond to all possible abnormal
events, including those not considered in the design of the I&C system, the EOPs
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sometimes require override of automatic protection signals. At Temelin, this must
be done at local panels outside the control room. Monitoring and controlling such
overrides is difficult and is not fully consistent with good safety culture. The plant
should consider if additional actions can be taken to provide optimum emergency
response to all possible unexpected events while minimizing the need to override
safety systems at local panels or equipment."

In response to these comments, Westinghouse and CEZ assigned even higher priority
to their effort to correct these difficulties. As a groundrule, the objective was to maintain
the original design philosophy and automatic safety system response to the extent
feasible, but to depart from it as needed to enhance safety.

Safety Enhancements of ECCS Automatic Control

The first part of the ECCS safety enhancements was to generate a new signal, called the
"Injection Needed" signal, to better identify (discriminate) reactor conditions that require
ECCS injection. When the "Injection Needed" signal exists, injection is automatic and
cannot readily be defeated by the operator. When it does not exist, injection is at
operator discretion (manual control permitted) even though ECCS may have been
automatically actuated.

The "Injection Needed" signal has three inputs, any one of which generates the "Injection
Needed" signal:

o Latched S - This (existing) signal is a temporary input, only the 30 seconds
needed for startup of pumps and valves. After that, the operator can shutoff
injection if directed by his EOPs unless one of the other inputs exist.

o Low hot leg subcooling in all hot legs - if any hot leg is subcooled, then the core
is covered and decay heat is being removed. This logic allows saturation in one
or more hot legs due to asymmetric cooldown without starting (or re-starting)
automatic injection.

o Pressurizer low level — If water exists in the pressurizer (and at least one hot leg
is subcooled), then adequate water and boration has been injected into the RCS.

These signals are an automated version of the WOG criteria for termination of ECCS
used in the EOPs.

The "Injection Needed" signal starts the ECCS pumps and aligns valves for injection.
However, during recovery operations from a small break LOCA or SGTR, the operator
may shut off any or all injection (close discharge valves or shut off pumps) if the
"Injection Needed" signal does not exist. Injection is reinitiated automatically if an
"Injection Needed" signal subsequently develops, in accord with the original philosophy
of the WER designers.
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Loss of offsite power (LOOP) does not cause injection if an "Injection Needed" signal
does not exist. This is also an improvement over the original design, and avoids
pressurized thermal shock for a LOOP occurring during cooldown or heatup (between
70°C and 260°C). Although a LOOP will start injection pumps, it does not realign valves.
Therefore, the operator is permitted to turn them off from the control room if an "Injection
Needed" signal does not exist. If an "Injection Needed" signal subsequently develops,
the injection pumps are restarted in sequence and valves aligned for injection.

In this fashion, the safety system automatics backs up the operator, and corrects his
mistakes, but does not unnecessarily restrict the operator.

Limitations of Enhanced Automation

Westinghouse and CEZ have enhanced automation to the extent practical with the
existing hardware systems design (reactor coolant system, steam system, ECCS
components, etc). These enhanced automatic features are fully in compliance with the
original Eastern philosophy, and also are not inconsistent with Western philosophy.
However, even with the enhanced logic, some conditions are outside the practical design
basis for automation. Examples of events that require manual mitigation (i.e., are not
suitable for automation) include outside-containment leaks, such as SG collector seal
failure or leaks in the ECCS itself. For these events, both the old and the new
automation design would produce incorrect actions.

Therefore, unconditional ability to manually override automatic protection is absolutely
essential. The only question is how it should be done. The Westinghouse/Czech
solution for certain specific cases established in administrative procedures is to permit
manual override in the control room, using a keylock switch to ensure administrative
control. The key can be kept in the shift supervisor's office to ensure that it's use is a
deliberate and considered act.

This design has been reviewed with the Czech regulatory authorities and is now being
implemented. It involves well over 100 logic changes in more than 50 I&C cabinets.

Summary

The development of symptom-based EOPs showed that the original Temelin safety
system automatic actuation and control design caused improper response for some
events. Therefore, Westinghouse and CEZ have significantly enhanced the automation,
advancing the eastern philosophy of automatic safety repone to the maximum extent
practical. At the same time, inherent limitations to the principle of complete automation
were recognized. The final solution therefore also provides for efficient operator
response and administrative control for events and conditions that are outside the design
basis for the automation. We believe these safety enhancements make a significant
improvement in defense in depth.
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