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ABSTRACT

This paper reviews the design, installation, and initial use of a smart operator aid that was

developed to assist licensed personnel with the performance of power adjustments on

the 5-MWt MIT Research Reactor (MITR-11). The aid is a computer-generated, predictive

display that enables console operators to visualize the consequences of a planned

control action prior to implementing that action. The motivation for the development of

this display was the observation that present-time control decisions are made by

comparing a plant's expected behavior to the desired response. Thus, an operator will

achieve proper control only to the degree that he or she is capable of anticipating plant

response. This may be difficult if the plant's dynamics are non-linear, time delayed, or

counter-intuitive. A study was therefore undertaken at the MITR-11 to determine whether

operator performance could be improved by using digital technology to provide visual

displays of projected plant behavior. It was found that, while the use of predictive

information had to be learned, operator performance did improve as a result of its

availability. Information is presented on the display's design, the computer system

utilized for its implementation, operator response to the display, and the possible

extension of this concept to the control of steam generator evel.

-I-



DESIGN, INSTALLATION, AND INITIAL USE OF A SMART OPERATOR AID

INTRODUCTION

Since the late 1970s, the Massachusetts Institute of Technology has been engaged in a

program to develop and demonstrate experimentally advanced technologies for the

control and instrumentation of nuclear reactors. Much of this work has been focused on
the closed-loop digital control of reactor neutronic power. The reactivity constraint

approach, which is a supervisory method to ensure the absence of challenges to a

reactor's safety system as the result of an automated control action, and period-generated
control laws, which are a means of accurately tracking a demanded trajectory, are two
results of this effort 14]. In parallel with the development of these and other analytic
control techniques, studies have been performed of the man-machine interface with

emphasis on operator acceptance of digital technology. To that end, an examination was

conducted in 1987-1988 of the possible benefits of providing the licensed operators of

the 5-MWt MIT Research Reactor (MITR-11) with a computer-generated predictive display

that would enable them to visualize the consequences of a planned control action por to

implementing that action. A series of five such displays were designed and evaluated 5].

It was found that the licensed reactor operators preferred a display that provided them
with a full record of the power history as well as three power projections, each

corresponding to one of their three possible control options which were to withdraw the
control device, to maintain its position constant, or to insert R. Operator response to this

display was positive. However, at the time of the original study, the limited capacity of the

MITR-11's existing digital control system made it impractical to maintain the display as a

regular feature in the reactor ontrol room. The computer equipment has recently been

upgraded and both predictive displays as well as other types of smart operator aids can

now be made available to MITR operators on a routine basis.

The specific objectives of this paper are to (1) review the design of the predictive display

that was developed to assist operators with power maneuvers, 2) describe the digital

control system on which the display is generated, 3) report initial operator reaction to the

display, and 4) discuss the possible extension of this technology to commercial reactors.

-2-



assist them in the conduct of power increases on the MIT Research Reactor. It combines

derivative, current, and predictive information. The operator is provided with a full record
of the power history as well as three power projections. The point from which these

projections emanate is the current power level. Each projection corresponds to one of

the operator's three possible control options. The predictive information is obtained by

solving a reactor model (the alternate dynamic period equation 10]) at a rate faster than

real time. The transient shown in Figure Four is a power increase from

1000 kW to 2000 kW. The display has a projection time of twenty seconds. The power
level is currently 1650 kW, the regulating rod is at 442 inches, and the reactor is on a

positive period. Eighty seconds have elapsed since the start of the power maneuver.

The existence of a positive period implies that the control device has already been
withdrawn beyond the ctical position. The uppermost trajectory of the display should

therefore be interpreted as meaning that if the console operator were to continue

withdrawing the rod for the next twenty seconds, then the power level would be 2200 kW.

Similarly, the middle trajectory means that if the operator were to hold the regulating rod
at its now existing position of 442 inches, then at the twentieth second, the power level
would be 1950 kW. (NM: The reactor is already on a eriod at time zero. Hence, power

will rise even if the rod position is kept constant.) Finally, the lowermost trajectory

indicates that if the console operator chooses to insert the regulating rod for the next

twenty seconds, then the power level will reach 1770 kW.

Figure Six illustrates the utility of displaying power projections in addition to the derivative
and current information that is typically available from conventional strip chart erders.

As shown here, the power is being raised to 2000 kW and the current power is 1500 kW.
The lowermost projection indicates that it the operator now inserts the control device and

continues that insertion for the next twenty-five seconds, the power level will attain the
demanded value, 2000 kW. Any other action will rsult in an overshoot. The availability

of this predictive capability provides the operator with information that he could not

otherwise obtain and which he might not be able to infer given the non-linear nature of

reactor dynamics to say nothing of control rod strengths that vary as a function of position

and xenon distribution. The operator is still responsible for the safe operation of the

reactor, but the display provides additional insight that may facilitate his discharge of that

responsibility.

DIGITAL COMPUTER SYSTEM FOR DISPLAY IMPLEMENTATION

Figure Seven shows the configuration and function of the MITFI-11's Advanced Control

Computer System (ACCS). The ACCS was recently installed on the MITR-11 and it is now

in routine use for experimental work on the digital control of reactor power and

temperature [111. It consists of five separate computers linked in a multiple-
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PREDICTIVE DISPLAY DESIGN

The motivation for the development of the smart operator aid described here was a

study on the approach used by licensed MITR operators to raise and lower the reactor
power 6,71. Specifically, it was noted that present-time control decisions are made by
comparing a plant's expected behavior to the desired response. This observation was in

agreement with the results of far more extensive studies such as those by Kelly and
Sheridan 8,9]. The question therefore arose as to whether or not operator performance

could be improved by using digital technology to provide visual displays of projected

plant behavior. The operator could then see the consequences of a particular control
action por to actually implementing it. It was recognized at the outset that the basic

premise of this work was somewhat controversial. Predictive displays might only hinder
the operator's normal decision process. Or, worse yet, an error in the analytic model
used forthe predictions might result in erroneous information. Or, such displays might be

so successful that operators would gradually lose their learned ability to predict plant

behavior. The uncertainty of the outcome was of course the reason for undertaking the
experiments.

Five displays were developed and evaluated as part of this project. These ranged in

complexity from a simple scheme showing only the current plant status to ones that
provided the operator with various combinations of derivative, current, and predictive

information. Relative to the design of these displays, it should be noted that the MITR-11 is

equipped with six shim blades and one regulating rod. These are for coarse and fine

control respectively. During routine operation of the reactor, use is normally made only of

the regulating rod. Thus, at any given moment, the console operator has only three

control options. These are to withdraw the regulating rod thereby inserting positive

reactivity, to hold the regulating rod's position constant thereby leaving the reactivity
unchanged except for inherent feedback effects, or to dve the regulating rod inwards

thereby inserting negative reactivity. These operations are designated as OUT, HOLD,

and IN respectively. The display format assumes that the option selected (OUT, HOLD, or

IN) will be maintained continuously. This is unrealistic because the operator will most
likely use some combination of withdrawal, hold, and insertion signals to accomplish the

power change. Nevertheless, it is an extremely useful approach because the trajectories

shown bracket all possible sequences of control signals. The extent of the trajectories in

time is a selectable quantity with operators being able to specify any duration from ten to

thirty seconds.

Figures One-Five show the five displays that were developed as part of the original
MITR-11 study. Descriptions of each and the rationale for its design have previously been

given [5]. Figure Four is the display that the licensed operators preferred as a smart aid to
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computer/single-task architecture. The role of one of these computers, an IBM-XT 8088,
is to receive validated signals from the data acquisition computer and to display model-
based predictive information. Display projections of as much as 60 are possible with

the screen being updated once per second. Given below is a summary of the major
features of the ACCS.

The Advanced Control Computer System consists of five interconnected computers, each

responsible for a different set of tasks. In addition to permitting flexible operation and

allowing testing of computation-intensive concepts, this system enhances safety because
safety-related functions such as the reactivity constraint algorithm can be run separately

from control law calculations. Software for the former is well-established, is based on
first-principles, and is invariant 1]. In contrast, software for the latter will probably always

be under development because one objective of the MIT program on reactor control and

instrumentation is to identify 'new methods of control and to make their use a practical
reality. The function of each of the ACCS's components is as follows:

I Rack-Mount 80386: This data aquisition IBM-AT computer is assigned three
major tasks. First, it collects data from a maximum of thirty-two sensors,
performs signal validation on the collected data, outputs the validated
information to up to four other computers, and displays the validated
information on the console CRT monitor. Second, it computes the maximum
allowed control s nal using the supervisory reactMty constraint algorithm [11
as well as limits oother MITR technical specifications, receives the requested
control signal from the other computers, compares that signal with the one
calculated by the supervisory algorithm. outputs the more conservative signal
to the control rod motors, and displays the control decision on the screen.
This computer's third function is to write the desired data to the permanent
disk. Changes to this computer's software are rare.

2. MicroVAX-11: The VAXstation II/GPX is a machine dedicated for intensive
floating-point computations. Engineering and control calculations such as are
required for the MIT-SNL minimum time control laws 21, are performed on this
machine. The MicroVAX-II receives validated information on the reactor from
the data acquisition system (IBM-AT). It then calculates the demanded control
signal from whatever control law is being tested, and exports that signal to the
data acquisition system for output to the control rod motors. Changes in this
system's software are expected to be frequent.

3. IBM-Comgatoble 80386: This is a high-speed machine on which computer
programs are first edited, compiled, and finally linked to form an executable
module. This machine is capable of supporting automated reasoning. using
PROLOG, LISP, or C. It is designed to e compatible in all details with the
Rack-Mount 80386 data acquisition system.

4. IBM-XT 8088: This computer's role is to receive validated signals from the
data acquisition computer and to display model-based predictive information
or a safety parameter display on its screen.

5. LSI-11 1/23: This unit is connected to the MicroVAX-11 for the purpose of
providing an independent machine on which a model of a reactor can run.
This rmits now controllers to be programmed on the VAXstation I/GPX and
testXagainst a simulation model running on the LSI- 123 prior to the
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performance of actual closed-loop runs on the reactor. This approach has the
advantage that new programs are tested under realistic conditions. In
particular, signals must be passed between two computers as is done for
actual implementations. Previously, simulations were done with the new
control law and the model both running on the same unit.

Integration of components within the data acquisition computer was accomplished

through a passive back plane which is basically a non-intelligent bus that allows only

lines such as data, status, and timing to be passed. Integration of the five separate
computers was achieved through use of RS-232 serial communication.

In addition to the above five computers, the ACCS is equipped with a broad-range power

sensor that spans about seven decades. The output of this chamber is connected to a

KEITHLEY Model 485 auto-ranging picoammeter which is equipped with a Model 4853

IEEE-488 interface. This unit is basically a 41/2 digit 4 significant digits with sign) auto-

ranging picoarnmeter with seven DC current ranges. The design of this system allows the
Rack-Mount 80386 data acquisition system to receive an on-scale reading of the output of

the neutron-sensitive compensated ion-chamber in a digitized form. This makes the

system less prone to electrical interference or noise than if a signal were first obtained in
analog form and then converted for digital operation. A further advantage is that the

output of the Model 485 is digitized.

In summary, the ACCS's multiple-computer/single-task architecture with auto-ranging
picoammeter offers several advantages over single computer systems. These include

separation of safety-related software that is in finished form from control software that is
under development, transmission of both the scale and reading of a power instrument so

as to permit operation over many decades, the acquisition of digitized signals directly

from the neutron sensors, and the performance of interactive simulations.

OPERATOR RESPONSE TO PREDICTIVE DISPLAY

Operator response to the predictive display has, for the most part, been either neutral or

positive. As a general rule, experienced operators do not refer to the display when

performing power adjustments under standard plant configurations. However, they do

refer to it under other circumstances. For example, the reactivity worth of the MITR-111's
regulating rod decreases rapidly once it is whdrawn more than haff of its range of travel.

Hence, operators normally reshim the reactor so that the regulating rod is close to its in-

limit before using that rod to perform a power increase. Under these conditions,

experienced operators do not need the display. However, if a power increase is initiated

without first positioning the regulating rod so that it is low in the core, then reference may

be made to the display. Another observation is that novice operators make more use of

the display than experienced ones. This is to be expeded because the former are using
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knowledge-based learning while the latter rely more on pattern recognition skills. These

observations are consistent with those obtained by others during more elaborate tests of
smart tools. For example, Sun gives a discussion of the expert system Emergency
Operating Procedures Tracking System (EOPTS) in which operator performance was
studied I 2. He reports that:

'In terms of time response, the expert system typically allowed the

operator to respond faster. The exception is in the case of fast, simple

transients with well-trained operators, where the system slows operator
response.' ... 'Operating crews using the expert system tend to be rule-
based and therefore faster responding, while those using the flow charts
tend to be knowledge-based which results in slower response. Use of

the expert system improved operator response times, decreased
actuation errors, and thus improved operational reliability."

It is instructive to note operator attitudes concerning both the derivative and the predictive

information depicted in the display. In this regard, comments obtained during the original
MIT study in which a comparison was made of the five displays shown in Figure One are

germane. Specifically, both verbal and written operator comments suggested that the
derivative information contained in schemes 11 and IV and, to a lesser degree in scheme

V, was reinforcing their existing approach to the control of reactor power. Namely, they

were using the power history traces to judge the rate at which the power was changing

and from that determining the proper time for initiation of reactivity removal. Relative to
the predictive information, operators reported the opposite result. That material did not

mesh smoothly wh their existing concepts for exercising control and the effective use of
the predictive displays had to be learned. Specifically, the three power projections that

represented the OUT, HOLD, and IN control options did not correspond to their thought

processes. Operators stated that they projected the consequences of only the current
control action and did not think in terms of the three simultaneous options provided by the
displays. Moreover, operators indicated that they did not actually predict the expected

power level. Rather they recognized limiting conditions for maintaining proper control

and restricted operation to those bounds. For example, an operator's mental model might

consist of the realization that a power transient could be hafted provided that the reactor

period was longer than a certain value and that the regulating rod was below a certain
position. In this respect, the lower of the three projections was the more useful because 

clearly showed the conditions under which a transient could be terminated.

As noted above, operators had to learn the proper usage of the predictive displays.
Several errors were noted during the learning phase. For example, operators would

occasionally treat the ndpoint of one of the predictor lines as the current power level.
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Also, they sometimes mistook one projection for another. This ocurred m ost often after a

change was made in the control signal. Once the predictive display was understood,

operators were unanimous in their favorable opinion. They reported that the predictive
information was of particular value during the final stages of a transient, Evidence

supporting these statements was obtained by initiating transients with only a ten second
prediction horizon. Operators would invariably increase the extent of the projections in

time as the transient neared completion. Also, each operator formulated a strategy for
utilizing the power projections. The first strategy adopted was typically to withdraw the

rod continuously until the OUT predictor first crossed the target power line. The

regulating rod's position was then kept constant until the HOLD predictor crossed the

target power line. The regulating rod was then inserted. As they became more
experienced with the use of the displays, most operators began to recognize that there

was no particular rationale for this approach. Moreover, it was observed to result in

overshoots should the regulating rod be initially at the higher end of its range of travel.
The strategy uimately adopted was to withdraw the regulating rod until the derivative

information indicated that the maximum allowed rate of rise had been achieved. Rod
insertion would be initiated when the IN predictor became tangent to the target power

line. In this regard, it was crucial that the extent of the prediction in time be such that the

IN predictor was always concave downwards. Otherwise, the time required to haft the
power transient could not be inferred.

In summary, it is worth emphasizing that operator response to a smart tool such as the
predictive display described here is in large measure determined by the degree to which

that tool is designed to support human cognitive needs. In this respect, the tool should

reinforce both the operator's understanding of the plant and his or her mental approach to

the analysis of plant behavior. Displays that show trends and predictions satisfy the first

of these two criteria because such information will assist operators in anticipating plant

response. As for the scond criteria, graphics should be emphasized so that an operator

need only look at a display to comprehend it. This approach allows experienced

operators to continue using their pattern recognition skills. In contrast, were text to be

displayed, an operator would have to switch to a deductive mode of reasoning in order to

make sense of the information. Additional discussion of these criteria has previously

been given [11 31.

EXTENSION TO NUCLEAR INDUSTRY: STEAM GENERATOR LEVEL DISPLAY

Aspects of pressurized water reactor (PWR) operation for which predictive displays might
be of enefit include maintenance of pressurizer level during plant heatups, adjustments

of the soluble boron concentration, and the damping of xenon oscillations. Relative to

boiling water reactors (BWRs), the coordination of recirc pump speed wh adjustments of
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turbine load might benefit from predictive displays. Described here is work that has

recently been completed at MIT concerning the development of a predictive display for
steam generator level.

Steam generator level is monitored by narrow and wide range indicators that are located

in the steam generator downcomer. These are used by plant operators to maintain level
in the steam generator within an allowed band thereby ensuring adequate heat removal

from the reactor's primary system and the absence of carryover to the turbine.
Unfortunately, the control of steam generator level is dficult because the level sensors

are subject to the counterintuitive effects of shrink and swell. The former refers to the
temporary reduction of the water level in the steam generator during an increase in mass

inventory. It can be induced either by increasing the feedwater flow to the steam

generator or by decreasing steam flow to the turbine. An increased feedwater flow adds

cold water to a steam generator which decreases the average enthalpy of the water
inventory and results in both a reduction in the average quality and a collapsing of vapor

bubbles. The vapor bubble collapse in turn causes the downcomer water level to drop
even though the mass inventory is rising. A decrease in the -steam flow to the turbines

has the same effect as increasing the feedwater flow, but through a different mechanism.

Namely, when steam flow is reduced, pressure increases in the steam generator. This

pressure increase causes vapor bubble collapse that in turn leads to the shrink ffect.

Swell is the reverse of the shrink effect. Namely, a decrease in the mass inventory leads

to a temporary increase in the water level. Again, this effect can be brought about either
through a decrease in feedwater flow or an increase in steam flow with the mechanisms
being as described above.

Analog, and more recently some digital, controllers are used to adjust the position of the

main eedwater valve and thereby maintain a balance between steam demand and

feedwater flow. However, the analog controllers sometimes malfunction during operation

at less than 15% of rated plant power. The result is that manual control is used during
plant startup with a human operator maintaining level by adjusting a small valve that

allows some feedwater flow to bypass the main valve. This bypass valve is used

because, being smaller than the main valve, ft is more responsive. Also, the relation

between its position and flowrate is more linear than that of the main valve.

Unfortunately, plant trips still do occur on occasion. In part, these happen because
human operators smetimes have difficulty estimating both the magnitude and duration of

shrink and swell effects. For example, on a power increase, the void fraction in the tube

bundle region increases causing a temporary rise in the liquid level of the downcomer

region. An operator might therefore cut back on feedwater flow. However, such an action

would be a mistake because the increased steam flowrate will soon necessitate

additional feedwater flow. A predictive display would make this obvious and such a
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display was therefore developed as part of the MIT program on advanced instrumentation
and control for nuclear reactors 1,2].

The MIT Steam Generator Level Display Program (SGLDP) is a predictive display that

operates in real time on an IBM-compatible PC. The basis of its projections is a simplified

model of steam generator dynamics. The program projects the steam generator narrow

gauge level signal for three cases: control valve being closed, control valve position

maintained constant, and control valve being opened. The operator can select the speed

at which the valve is to be opened or closed. The demanded reactor power is also
displayed so that the operator can observe the correlation (or lack thereof) between

power demand and change in anticipated level in the steam generator. The model gives

the narrow-range steam generator level in the downcomer as a function of the steam and

feedwater flowrates. Four terms are included. The first is a mass capacity term that

reflects the net difference between the steam and feedwater flowrates. The second
allows for shrink/swell effects associated with changes in feedwater flow. The third is

similar except that it is for changes in steam flow. The fourth allows for short-lived
mechanical oscillations that can be caused by the addition of feedwater to the generator.
This model's accuracy was verified by comparison with a much larger and more rigorous

model that had been benchmarked against plant data. The simplified model used in the

display is believed to be accurate to within 2 cm. Projections of up to 200 s are possible
with a display update frequency of s.

Figure Eight shows the predictive display for steam generator level. The upper portion

shows the reactor power and the lower portion depicts steam generator level. Reactor

power was initially at 10% of rated and it is being raised at 25% of rated per minute.

Derivative information, the steam generator level for the previous 100 s, is shown

together with the current level. Emanating rom the current level are the three projections,

each corresponding to a possible control option (valve opened at selected rate, held

constant, or closed at selected rate). In the actual display, each option is shown in a

different color. The advantage of this display is that an operator can visualize the effects
of adjusting the psition of the feedwater control valve before doing so. This capability

should result in more reliable operation because even though operators are trained to

and do understand the counterintuitive nature of shrink and swell, they may have difficulty

quantifying those effects. Thus far, no trials of this display have been conducted either by

simulation or in an actual plant.

CONCLUSIONS

The concept of providing predictive displays as an aid to those responsible for controlling

complex processes is not new. Early applications of the approach concerned the diving
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controls for submarines and the landing system for Apollo spacecrafts ]. More recently,

the technique has been utilized for air and railroad traffic control 14,151. Relative to the

nuclear industry, the use of predictive display tchnology as an operator aid for the

control of steam generator level in pressurized water ractors (PWRs) has been

previously suggested though not implemented 16]. The work done at MIT on the

provision of predictive information in the form of a smart operator aid has achieved the
following. First, a display format has been devised that licensed MITR operators have

judged to be of benefit. Second, acurate, fast-running models have been developed for

use in projecting both neutronic power and steam generator level. Third, the neutronic

power display has been demonstrated to be of advantage for the conduct of some types
of power increases on the 5-MWt MIT Research Reactor.

Much remains to be done before the use of predictive information will become routine in
the nuclear industry. In particular, regulatory issues remain to be explored. These have

not yet been broached as part of the MIT tals because all use of the neutronic power

display has been under an approved experimental protocol [5]. Issues such as those
raised at the outset of this paper concerning operators becoming overly dependent on a

display or the consequences of inaccuracy in a projection remain to be addressed. While

not minimizing those challenges, predictive displays may offer a means of gradually

incorporating digital technology in reactor control rooms and thereby bridging the gulf that

now exists between manual and fully automated control of nuclear power facilities.
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I ect ves

1 Review design of predictive
dis lay.

I Describe i ital control
system on which the
display is generated.

I Report initial operator
reaction to the display.

4,9 Discuss extension of this
technology to commercial
reactors,



at ona e or

Ire ct ve sP a s.

Control decisions are made by comparing a
plant's expected behavior to the desired
response,

Operator performance might be enhanced if
Operator could visualize. consequences of a
particular control action prior to
implementing it.

But certain caveats exist:

- Might a display hinder the normal
thought process?

- What if there were an eor in the
dicted information?

- Might operators lose their learned
ability to predict plant behavior?



Ire ct ve SD av es gnWI 

- Original display was developed to assist in
the control of reactor neutronic power.

- Operator has only three control options:
Withdraw, maintain constant, or insert a
control device.

- The display shows three projected power
trajectories, one corresponding to each
control option.

- Extent of the displays is selectable in time.

- Operators expressed preference for a display
that provides a full record of the power
history as well as the three power
projections.
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ance ontr'o

0 uter Vstein

Permit digital operation over many
decades to support automated startups.

Separate software essential to safety from
control software subject to periodic
change.

Provide capability for improved man-
machine interface, automated reasoning,
predictive displays, and interactive
simulation,

Real-time operation and high numerical
throughput, 
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escr -t on 

Five separate computers form a single-task
system through use of passive back plane.

• Rack-Mount Data Acquisition System:

- Collect data, process supervisory
software, and display control decision.

• MicroVAX-III:

Engmeermg and control calculations.

• IBM-Compatible 80386:

- Code development and automated
reasoning.

• IBMAT:

- Man-machine and predictive displays.

LSI- 123:

- Interactive simulation.

Design of a passive back plane was required
for integration of otherwise incompatible
components.
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vanta2e 0

Both level indication and scale of power
instruments are transmitted to computer. This
permits automated startups over many decades.

Software essential to safety is on the Data
Acquisition System Computer while software for
control is on the MicroVAX-II. Hence, as reactor
procedures or control strategies change, the latter
can be updated without affecting the former.

Dedicated computers available for:

- Automated reasoning
- Improved man-machine interface
- Predictive displays
- Interactive simulation

Real-time operation and numerical throughput
achieved by combining best available products
from several different vendors.

Conventional method would have been to use a
single computer in a multi-tasking environment.
The advantages noted above were achieved by
taking the opposite approach which was to create a
multiple-computer/single-task system.



erator es onse to
0

Ire ct ve is'p a s

- Experienced operators do not use the
display when performing power adjustments
under standard configurations. They may
refer to it at other times.

- Novice operators make more use of displays
than experienced ones*

- Operator comments indicate tat:

- Derivative information (the power
history) reinforces their existing
approach to reactor operation.

- The proper use of predictive information
had to be learned.

The above findings are based on a very
small sample HO operators). But, they are
consistent with results of larger studies such
as the EPRI evaluation of EOPTS.



xtens on to C ear

C us

For PressurizedWater Reactors:

lWaintenance of ressurizer
level during heat-up.

A ustment of soluble boron,

Damping of xenon oscillations

Steam generator level control,

For Boi'lin2 ater Reactors:

Coordination of recirc pump
speed with a ustment of
turbine load.



teana enerator eve

s' a

Predictive dsplay that operates
in real time on an IBA4-
compatible PC,

Uses a simplified, but accurate
model of steam generator

namics:

- Mass capacity term reflecting net
difference in steam and feedwater
flowrates.

- Shrink/swell effects for changes in
feedwater and steam flow.

- Short-lived mechanical oscillations
caused by addition of feedwater to the
generator.



tean-1 j'enerator eve

S av
(cont.)

Gives history of level plus
three pr ections;

Valve ope.ned,

Valve position constant.

Valve closed.

Pro ctions of 200 s ossiblej
with a 1-s update frequency.
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onc, us ons

Predictive dsplays used for
diving controls of submarines,
the Apollo landing system, and
air railroad traffic control,

The 1\41T work has achieved
the following:

- Devised a display format that MIT
Research Reactor Operators judged to
be of benefit.

- Accurate, fast-running models developed
for predicting both neutronic power and
steam generator level.

Neutronic, display evaluated on MIT
Research Reactor,



onc us ons

(cont.)

1\4any issues remain to be
explored including:

- Regulatory concerns.

- Operator dependency on displays.

- Inaccuracies in predictive models.

- Calibration of predictive models,.

Predictive displays may be a
means of bridging the gulf
that now exists between
manual and automatic digital
control.




