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1. Introduction

Display of relevant data concerning plant operation has been a concern of the nuclear industry
from its beginnings. Since the incident at Three Mile Island, this matter has had much careful scrutiny.
L. Beltracchi, in particular, has originated a sequence of important steps to improve the operator's abil-
ity to recognize plant states and their changes.

In the early 1980's, Beltracchi (1983, 1984) proposed a display based on the Rankine cycle for
light water reactors. More recently, in an unpublished work (1986b), he described an extension that
includes a small, rule-based system in the display program, drawing inferences about plant operation
from sensor readings, and displaying those inferences on the Rankine &..-slay.

Our paper examines Beltracchi's rule-based display from trie perspective of knowledge bases.
Earlier (Gabriel, 1983) we noted that analytical models of system behavior are just as much a
knowledge base as are the rules of a conventional expert system. The problem of finding useful displays
for a complex plant is discussed from this perspective. We then present a paradigm for developing
designs with properties similar to those in Beltracchi's Rankine cycle display. Finally, to clarify the
issue, we give a small example from an imaginary plant.

2. Analytical Models of Physical Systems

Engineered artifacts such as nuclear steam supply systems have analytical models. In iheir most
fine-grained detail such models have thousands of state variables, so that the system state is represented
by a point in a many-dimensional space.

2.1 Static Displays

For the most part, static dispJays have been used to represent such systems. The term "static
display" here does not imply that the display does not change but rather, that the algorithm used to
derive the display from plant sensors does not change.

The Safety State Vector (SSV) and the Safety Parameter Display System (SPDS) are examples of
static displays. The SSV provides a discriminant between safe and unsafe operation; the SPDS pro-
duces a computer-generated display of the SSV. Because they are concerned with multiple variables
and because a computer-generated CRT display is a two-dimensional object, both the SSV and the
SPDS burden the plant operator with a significant task in filtering inferences from a display of a mul-
tidimensional space on a two-dimensional screen.

2.2 Mental Models

Useful mental models of plant are obtained by discarding two classes of variables. One class
contains those variables essentially irrelevant at the level of detail being considered, i.e., "microscopic''
as distinct from "macroscopic" state information. The other class comprises macroscopic variables
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irrelevant to (not affecting) the future path of the current scenario. However, even after the irrelevant
variables have been discarded (projected out), the state space is usually still quite complex.

2.3 Rule-Based Display Algorithms

In a meeting on the use of computers in pi ant operation, W. A. Woods (1980) pointed out the
desirability of having a rule-based expert system choose the most appropriate display out of several pos-
sibilities. Such an expert display system, if possible, would present the operator with enough informa-
tion to run the plant, but not burden the operator with unnecessary choices about displays.

The first such display to be developed was Beltracchi's Rankine cycle display.

Beltracchi's display is a two-dimensional projection out of the state space, having a very large
data transfer rate to an operator. In his papers and pending patent, Beltracchi develops that display and
shows how it has unequivocal signatures for important Ioss-of-coolant events. These clear signatures
allow an operator to resolve ambiguity about plant state and take necessary action quickly and reliably.

In more recent studies, Beltracchi (1986a) makes use of a small, rule-based system to augment
the display and provide additional diagnostic information.

The possibility of such a useful two-dimensional display was not obvious at the outset, the
display was difficult to discover, and two questions still remain. First, might other displays for other
circumstances be possible having similar large, effective data communication rates to operators?
Second, if they do exist, how might they be discovered?

3. The Process of Meta Design

The following suggests answers to the two questions posed at the end of Section 2.3.

1. Given some hypothetical event leading to off-normal plant conditions, the first step is to examine a
simulation model of the plant path in state space, and determine the smallest set of variables in the
simulation able to show what has happened and what must be done to move the operating point back to
a safe place.

Because people design plant and a human being has trouble considering many variables together, it is
likely that there exists a set of perhaps less than six variables able to provide clear signatures for any
particular event If this is not true, a prima facie case arises for redesign, because it is unlikely that a
human designer can have considered all possibilities from the initiator of a small excursion to unsafe
conditions.

2. Once these variables have been identified, possible paths of the operating point through the projected
space of these variable should be considered, and the viewpoints for two-dimensional projections (i.e.,
CRT displays) discriminating between various scenarios in the larger dimensional space should be
determined.

If one projection suffices to discriminate between all important scenarios, then no further expertise is
needed.

If, on the other hand, several points of view are needed, then (by hypothesis) these will show projec-
tions with different characteristics. In this case a computer program processing data from an actual
incident should be able to examine the data from those perspectives and should display the most
significant projection, together with a list of other projections in computed order of significance, to
allow the operator to call them up if desired.

4. More Complex Problems

Eventually, automated techniques in plant design may lead to circumstances where more than a
few significant variables are necessary to display relevant macroscopic plant state. Even then, however,
there should be some set of projections and coordinate transformations able to distinguish between



significantly different off-normal events, soon enough to stop undesirable trends, since significantly
different events follow different paths in state space.

If this is not the case, then the plant design must have been such that small changes in state vari-
ables have large and unavoidable consequences. Such a situation will arise only if the plant is
inherently unstable. Obviously, its absence should be a primary objective of design.

5. A Small Example

A small example about an imaginary plant follows, to help clarify the fundamental point made in
this memorandum.

Consider a plant having a three-dimensional state space, whose normal operating point is (0,0,0).
The plant goes off-normal by the following transitions:

(0,0,0)-> (1,0,0) (1,0,0)-> (0,1,0) (0,1,0)-> (0,0,1)

The changes 0->l of state variables might be a cause-and-effect chain in three subsystems. A view
along [001] would display the first two failures, but not the third; a view along [0101 would miss the
middle failure; and a view along [100] would fail to show the initiating event. One might display all
three points of view on separate CRTs, but points on the paths would have to be time stamped if the
order of events was to be determined.

A view along [111J would show the following motion on the CRT in the plane defined by (2,-1,-
1) and (0,1,-1) in the old coordinates:

(0,0) -> (2,0) (2,0) -> (0,sqrt(3)) (0,sqrt(3)) ••> (0,-sqrt(3)).

The three events are clearly shown. Note, however, that if an event

(0,0,0) -> (1,1,1)

is possible, it will be missed by the [111] projection. Therefore, in general, an intelligent software sys-
tem should choose projections and display the one most likely to communicate the sequence of events
to the operator.

In the small example shown, two displays might be provided: one normal to the approximate
plane of the most recent part of the system's path in state space, and the other a display of as many
changes in direction of the path as possible. The first of these two provides as much detail as is obtain-
able concerning the current situation. The second, whose calculation is less well understood, should
provide a continuous record of significant "bends" in the path since the initiating event.
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