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The Nucdlear Industry and Digital Control:
An Unrealized Opportunity

JOHN A BERNARD, DAVID D LANNING, ASOK RAY
Massachusetts Institute of Technology

Digital computers have been utilized
to upgrade performance and safety
through automatic control in raw ma-
terials processing, fossil-fuel power,
aerospace, and other industries. The
effectiveness of these systems for reli-
able sensor-oriented control of com-
plex operations is well established;
in most cases, the question is not
whether but how best to use the
technology.

The story in the commerdial nuclear
power industry is different. To date,
there has been little substantive pro-
gress in employing digital computers
for continuous supervision and regu-
lation of nuclear reactors or the
associated power plants.

Proposals to employ computers for
these applications are not new, of
course. Arguments were voiced at
2ot fifteen years ago Uit reactor
performance and safety could be in-
creased substantially by raising the
level of automation at nuclear gener-
ating stations (Ref 1). A review of
papers presented at International
Atomic Energy Agency symposia,
serformed more than a decade ago,
.evealed broad-based anticipation
among participants that computers
would be assigned increasing roles
in nuclear plants and realization that
the uses of these automated digital
controls could be beneficial (Ref 2).
However, there was no consensus at
the time on what the computers
would do, and no perceived need
for closed-loop control. These find-
ings, unfortunately, remain valid
today.

Still, although events such as the
Three Mile Island accident have
forced the nuclear industry to exam-
ine the possible utilization of comput-
ers for reactor control, the focus is
on open-loop systems for tasks such
as safety parameter display. The fea-
sibility and desirability of advanced
feedback control are only beginning
to be explored (Ref 3) — in spite of
many strong supporting arguments.

1. An integrated multivariable con-
trol strategy should yield better
response than the present sets of
highly-interacting individual ana-
log loops. For example, algo-
rithms could account for relation-
ships between feed pump dis-
charge pressure and steam gen-
erator level — which are now
regulated by entirely autonomous
controllers.

Multivariable strategies — com-
bined with functions such as fault

()

InTech  September 1985

detection, transducer calibration,
and measurement estimation —
would increase control system
robustness relative to sensor and
actuator failures. As an illustra-
tion, a system could change con-
trol modes or even revert to
predetermined safe setpoints if
designated input or output ac-
tions became unavailable (Ref 4).
Assuming that nuclear plants will
be operated in load-following
modes in the future, closed-loop
control would make it possible
to predict and avoid the skewed
power profiles that could result
from spatial xenon oscillations.
One utility currently planning to
operate in this manner is devel-
oping computer software to ad-
vise licensed operators of the
1 roper sequence of ccntrol mech-
anism manipulations — but not
to take the next step and per-
form the actions automatically
(Ref 5).

. Optimized multivariable dynamic

reactor control strategies imple-
mented on fault-tolerant. digital
systems could supervise and reg-
ulate large numbers of widely-
ranging variables and respond
rapidly to changing demands or
operating conditions (Ref 6). Such
systems could anticipate disturb-
ances and act to prevent upsets,
or detect and damp out or com-
pensate for local fluctuations be-
fore they grow or propagate
through the plant. This would
not only improve efficiency by
stabilizing operation, it would
also minimize the likelihood of
both spurious shutdowns and the
need for emergency intervention
by protective safety equipment.
Assuming that sensors and ana-
lytical models are developed that
yield accurate pictures of condi-
tions within the reactor in real
time, closed loop digital systems
could make repeated fine adjust-
ments to optimize in-core power
distribution and fuel utilization.

. Programmable digital control sys-

tems offer flexibility to be modi-
fied to accommodate future plant
changes without expensive hard-
ware retrofitting.
Digital systems can calculate and
display or control variables that
are not directly measurable. As
an example, computers are cur-
rently used in boiling water reac-
tors to determine average planar
(continued on page 62)
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linear heat generation rate based
on signals from in-core flux and
temperature detectors. Subcooling
margins and net positive suction
heads are among the other quan-
tities of interest that cannot be
measured directly.

. Closed-loop control would en-

hance ability to monitor and limit
excess reactivity. This would be
particularly important when a re-
actor is critical but at such low
power that the magnitudes of the
usual negative feedback mecha-

nisms — temperature and void
effects — are not physically
significant.

. A closed-loop digital system

could account for the nonlinear
effect of control rod movement
— a phenomen resulting from
rod worth being roughly propor-
tional to the square of the nor-
malized power profile and being
affected by concentrations of
short-lived fission product poi-
sons. A system with this capabili-
ty could prevent use of rods
whese worths were temporarily
abnormally hign. Tms could be
of use in hot-scram recoveries of
boiling water reactors where, as
a result of xenon-induced changes
in the power distribution, the in-
advertent withdrawal of periph-

10.

11.

12,

erally-located rods of normally
low worth can cause excessively
short periods of local power
peaking.

Data from infrequently performed
operations such as heatups or
cooldowns could be stored. Pat-
tern recognition techniques could
then be employed to help deter-
mine the most efficient operation-
al sequences for different initial
conditions.

A digital controller could main-
tain temperatures and pressures
within specified limits to improve
effidency and safety during start-
up and other transients. This
would be of particular value in
pressurized water reactors when
conditions must be tightly con-
trolled to avoid potentially dam-
aging combinations of thermal
and mechanical stresses.
Computers can be programmed
to accurately schedule and per-
form many of the routine checks
and procedures now assigned to
licensed operators. This can not
only improve the degree of sur-
veillance over monicwred variables
and help ensure that tasks are
not forgotten or overlooked, but
can also free the licensed opera-
tors to perform more critical jobs
and concentrate on overall plant

_behavior (Ref 1).

13.

14.

_Digital systems can scan, evalu-

ate, and compare large numbers
of signals, verifying operation or
identifying potential problems es-
sentially in real time — tasks well
beyond manual capabilities. The
licensed operators could-then use
their unique talents to diagnose
the ramifications of problems
identified in this manner.

Closed-loop digital control could
enable licensed operators to
monitor the plant without hav-
ing to simultaneously manipulate
it. It makes little sense to require
a highly-trained individual to fo-
cus attention on adjusting a knob
in response to one or two instru-
ment signals, when a computer
receiving the same information
would make the same decision
— and implement it faster and
more precisely. Operators should
use their knowledge and reason-
ing powers to survey broad
operations, while computers at-
tend to well-understood details.

Many reasons are given why the
commercial nuclear industry has
failed to adopt the latest technology

for

reactor and plant-wide automatic

control. These include: traditional op-
eration of nuclear faciliies as base-

(continued on page 64)
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From Sensall®
The liquid

level sensor
you can test
with one touch.

The Sensall Model 502, an integral
ultrasonic liquid level sensor and con-
trol system that sefi-tests with a sim-
ple push-of-a-button. Now, you can
verify your monitoring, filling and
emptying operations from a remote
locations with no need to climb tanks
or vessels.

The Sensall Model 502 sensor also
features field-selectable high-or-low
ievel failsafe. And, since a DPDT
relay is standard, you can operate in
two modes at the same time.

Use the Sensall Model 502 to control
tank filling, emptying and metering, to
operate alarms, pumps or valves in
vessels or pipes. The Sensall Model
502 operates ultrasonically with a
20-to-1 wet to dry ratio so it is not
affected by coating build-up, clinging
droplets, foam, vapor or variations in
viscosity, density, temperature or
prassure.

Make your liquid level sensing and
control much easier with the Sensall
Model 502 ultrasonic system. Sen-
sors are available in standard, and
extended lengths is stainless steel,
Teflon™ CPVC, Kynar™ and other
materials. There are also specific
models designed for high pressure,
cryogenic and high temperature
applications.

Get the details by writing or calling
today.

National Sonics Division,
Xertex Corporation,

250 Marcus Blvd.,
Hauppauge, N.Y. 11787
(516) 273-6600.
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loaded plants, emphasis on protec-
tive as opposed to control systems,
design of most plants now operating
or under construction long before the
revolution in digital technology, lack
of design criteria for control strate-
gies (Ref 4), concerns regarding
anomalous reactivity (Ref 7), issues
relating to software verification and
hardware reliability, and the possibili-
ty of non-licensed personnel such as
load dispatchers being able to alter
reactivity. These constraints must be
acknowledged. But, the survival of
the commercial nuclear industry may
well depend on the ability to over-
come them and implement advanced
controls based on the latest comput-
er technology. Other industries — in-
cluding Canadian and Japanese utili-
ties — have broken through their
own technical, economic, and institu-
tional barriers to computerization,
and have profited by doing so.
Moreover, the ultimate irony is that
as computers fall in cost and rise in
power, they will certainly become
common in nuclear plants for non-con-
trol functions — such as data
lozzing, precedur: referral, alirm
sequencing, and heat generation limit
calculation. As this occurs, licensed
operators will become dependent on
computer-processed information. The
result will be that plants will be run
on the basis of computer-generated
outputs — even if they are passed
through human operators. Wouldn't
it be better to introduce digital con-
trol hardware and software technolo-
gy in a planned, systematic manner?
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Who Will Own the American
Instrument Companies?
Hint: Look Abroad

ALAN KRIGMAN, Editorial Director

See us at ISA Show Booth 6005
64 Circle 57

If you think that ownership of instru-
ment companies doesn’t affect the
products, services, and prices availa-
ble to users, think again. Leadership
in this field — for better or for worse
but certainly for sure — has been
vested with the vendors since time
immemorial, give or take a year. So
there is justifiable cause for concern
when mergers, acquisitions, and oth-
er financial fandangos are afoot.
We've already had a dose of in-
strument companies being traded.
The incentives for the buyers, of
course, have been in making invest-
ments they hope will pay off in the
future. And the buyers, to date, have

understood (but typically underesti-
mated) the need to fund develop-
ment of technology and market
position. The net result to users has
been generally beneficial. We could
all name systems — maybe even
companies — that wouldn’t exist to-
day except for fiscal faith on the part
of some cash-rich squirrels putting
away acorns for the winters of their
traditional businesses.

Another round of acquisitions may.
now be looming. You have surely
heard the rumors about some of the
major instrument companies being

(continued on page 66)
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