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SUMMARY One of the lessons learned from TMI accident is that
the operators need better information in the control
room of cooling conditions of the reactor core. For
this reason it was decided that a new system for
saturation margin and core exit temperature
monitoring is implemented in Loviisa nuclear power
plant.

The system measures primary circuit pressure, hot
leg temperature and core exit temperature. The
measurement signals are led to a microprocessor
based digital unit for calculations and signal
conditioning. As outputs of the digital unit
temperatures and saturation margin are displayed in
various display modes in the control room console.

The paper will discuss the background of the chosen
system concept and the tasks of the system. A system
description will be presented including the
equipment techniques used. A discussion of accuracy
questions and testing and commissioning will be
presented.
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ABSTRACT One of the lessons learned from TMI accident is that
the operators need better information in the control
room on cooling conditions of the reactor core. For
this reason it was decided that a new system for
saturation margin and core exit temperature
monitoring is implemented in Loviisa nuclear power
plant.

The system measures primary circuit pressure, hot
leg temperature and core exit temperature. The
measurement signals are led to a microprocessor
based digital unit for calculations and signal
conditioning. As outputs.of the digital unit
temperatures and saturation margin are displayed in
various display modes in the control room console.

The paper discusses the background of the chosen
system concept and the tasks of the system. A system
description is presented including the equipment
techniques used. A discussion of accuracy questions
and testing and commissioning is presented.
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1
INTRODUCTION

1.1
General background

During the TMI-2 accident, in spite of many
indications, operators we:<:e unaware of the actual
cooling conditions of the reactor core. During the
event reactor coolant reached saturation point and
started to boil and eventually the coolant level
decreased so that part of the core was uncovered for
a long time. This resulted to substantial core
damage. The fact that the operators were unaware of
this and thus didn't start timely corrective '
measures was a major contributor to core damage in
TMI-2.

One of the lessons learned from TMI-2 was that
operators need better information in the control
room on core cooling conditions.
The key parameters indicating inadequate core
cooling are

saturation margin
- core exit temperature

coolant level

Although inadequate core cooling exists only when
the core is actually (partially) uncovered a risk
arises if there is no saturation margin and the
coolant enters a two-phase condition and natural
circulation may be interrupted.

The USNRC issued fairly soon after TMI-2 accident a
new revision of Regulatory Guide 1.97
"Instrumentation for light-watercooled nuclear power
plants to assess plant and environs condition during
and following an accident". The guide requires the
parameters mentioned above to be displayed in the
control room. Also requirement for measurement
ranges, redundancy and qualification are included in
the guide.

1.2
Case Loviisa Loviisa nuclear power station consists of two 440

MWe PWR units equipped with soviet made reactor of
the type W E R 440. Unit 1 started commercial
operation in 1977 and unit 2 in 1981.
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Of the three key parameters of inadequate core
cooling only the core exit temperatures were
displayed in the Loviisa control room. This display
did not meet the requirements of Reg.Guide 1.97 in
the following respects:

The core exit temperatures were displayed
only in the CRTs of the plant process
computer system that is not qualified as a
safety related system

The measurement range was 0-485°C whereas
the guide requires 0-1260 C

The measurements where not redundant

in the area of inadequate core cooling monitoring it
was decided that a new system for saturation margin
and core exit temperature monitoring is implemented
for Loviisa plant. This system was installed to both
units during the revisions of this year and is now
operating.

2
SYSTEM DESCRIPTION

2.1
System tasks Various alternatives have been considered for

monitoring inadeguate core cooling of Loviisa
reactor. Finally it was desided that a system with
the following main tasks is implemented.

1 To monitor coolant saturation margin based
on hot leg temperature and reactor coolant
pressure.

2 To monitor core exit temperature up to
1300°C.

3 To calculate saturation margin of core exit
temperature and alarm if it shows
superheating conditions. This alarm
indicates that the coolant level
approximately reaches the top of the core.
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2.2
Choice of technique

Digital technique was chosen for the computing for
the following reasons:

The system must be very reli- ole so that
the operators can rely on th'- information
of the system during incidents that are
very rare. Systems for saturation
calculation based on analog technique have
a tendency of drifting which is eliminated
by using digital technique.

- . The requirements for the measuring accuracy
are high. Digital technique enables
accurate calculations to be done.

Digital technique provides better
possibilities for self diagnostics of the
system

Digital technique is more versatile in man
machine communication

2.3
Functional description

Figures 1 and 2 show schematically the principle of
the system. The following measurements are used as
inputs to the system:

Reactor coolant pressure measurements
(4 redundant channels of engineered safety
features actuation system, 1...161 bar,
+ 1 new narrow scale measurement for better
accuracy in low pressure regime,
1...25 bar)

Hot leg temperature measurements (one in
each loop, 6 channels, 0...400 C)

Core exit thermocouples (24 selected
channels of 210, 0-1300 C) (although the
measurement range is much wider than before
the existing sensors could be used)

These inputs are led to a calculation unit which
converts the input signals into digital form and
processes the signals digitally. The system
calculates from the pressure input the
corresponding saturation temperature and compares it
with the measured hot leg temperature. The
difference is saturation margin in temperature
units. Saturation margin is also calculated in
pressure units.
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Furthermore the system performs other calculations
and signal conditioning e.g. saturation margin on
core exit temperatures, linearization, maximum or
minimum selection, forming averages etc. The display
unit located in the control room has the following
displays (Fig. 3): Two dedicated displays where

saturation margin in temperature units
based on hot leg temperature (range -100...
+150°C)
(2nd) maximum value of the 24 core exit
temperature channels (range 0-1300 C)

are continuously shown, and two displays where the
operator can with a pushbutton select other
parameters either calculated or direct ones e.g.:

- Saturation margin in pressure units based
on hot leg temperature and reactor coolant
pressure measurements: (range -80...+100
bar)

Saturation margin either in temperature or
pressure units based on core exit
temperature and reactor coolant pressure
measurements (ranges: -100...+150 C,
-80... .+100 bar)

Each input separately

Saturation pressures and temperatures

Average core exit temperature

The system provides various alarms on process
parameters and also on the system malfunctions. The
most important process alarms are:

"Low saturation margin" (hot leg tempera-
ture)

"No saturation margin" (hot leg
temperature)

"No saturation margin" (core exit
temperature)

"Core exit temperature: superheat"
indicating coolant level near the top of
the core

Furthermore the system provides the operators the
possibility with pushbuttons in the control room to
manually eliminate certain input channels from the
calculations for instance in the case of a channel
failure. The system self diagnostics will help the
operator in finding failures.
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2.4
Redundancy considerations

The calculation and display units described above
ai'e not duplicated. But to establish some
redundancy, in addition to the system described
above the saturation margin calculations and core
exit temperature display functions are programmed
separately in the process computer system of the
plant using the same measurements as inputs.

The CRTs of the process computer display only the
saturation margins in temperature based on hot leg
temperature and core exit temperature and the
absolute values of the input measurements.

These are displayed within the normal process
diagram format of the system. This implementation is
rather limited because of capacity problems of the
old process computer system. The process computer
will be replaced in the future allowing more
comprehensive implementation with suitable graphical
formats e.g. for showing the saturation curve and
the operating point.

The measurement channels of wide range reactor
coolant pressure are redundant and separated
according to the rules for engineered safety -
features actuation system.

The cabling of hot leg temperature sensors is led in
the containment in two separate groups.

In the case of core exit thermocouples cabling
separation is not accomplished and in the reactor
vessel penetration area strict separation rules
cannot be followed.

2.5
Environmental requirements

Loviisa nuclear power plant is situated in an area
which is very stable seismicly. Thus there are no
requirements for seismic qualification of the
systems and equipment. The equipment of the
saturation margin and core exit temperature
monitoring system located in the electronics
cabinets and in the control room have no special
environmental requirements.

HO
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Field equipment requirements:

Pressure transmitters for measuring reactor
coolant system pressure are located outside
containment. Thus they need not be
qualified for LOCA environment.

- Hot leg temperature sensors and their
cabling and part of the cabing of core exit
thermocouples have to withstand the severe
LOCA environment.

The temperature reference boxes of core
exit thermocouples are located in the so
called upper part of the ice-condenser
containment with rather mild environment
during LOCA.

The saturation margin and core exit temperature
monitoring system did not require new field
equipment (except the narrow scale pressure
transmitter). Environmental tests to those equipment
subject to accident environment have been conducted
previously for qualification. In the near future
some additional environmental tests will be
performed.

2.6
Equipment techniques

The calculation unit of the system is implemented
with a microprocessor based system Siemens Simatic
S5-130 W. It consists of

CPU (byte processor)
16 k byte EPROM (2x8 k byte)
analog input modules (4x16 inputs)
digital - " - (lx-32 inputs)
analog output modules (2x4 outputs)
digital - " - (3x32 outputs)

The saturation curve and the linearization of
temperature measurements are programmed in a form of
a table with 1 C resolution.

The system has some internal self diagnostic
features like supervision of internal voltages,
cycle times etc. Furthermore'the measuring channels
are supervised in many ways e.g. by comparing the
values of different measuring channels with each
other and if excessive difference is found a fault
annunciation is given. Also if a measuring channel
is out of scale an annunciation is given. After the
annunciation operator can switch off the failed
channel.
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2.7
Accuracy considerations

To be useful for the operators the system must be
fairly accurate in a wide pressure and temperature
range.

A digital computing system enables to present the
saturation curve with an accuracy that is much
better than the accuracy of pressure and temperature
measurements. Thus the inaccuracy of the saturation
curve is insignificant.

In the low pressure area a narrow range pressure
measurement was needed to achieve sufficient
accuracy.

It is essential in saturation margin monitoring to
identify a possible saturation condition. Thus
the inaccuracies of the system in operating points
on the saturation curve are the most critical.

The calculated maximum inaccuracies of saturation
margin in several points on the saturation curve in
temperature and in pressure are shown in Table 1. In
the error calculations the contribution of worst
case environmental conditions in different locations
of the system are taken into account.

2.8
Testing and commissioning

Before installation of the system it was tested in
the Electrical Laboratory of Imatran Voima (the
utility company that owns Loviisa plant). These
tests included the following measurements and checks

Measurement and calculation accuracies

- Effect of supply voltage variation
(-10 %, +15 %)

Effect of supply voltage interruptions
(10...500 ms)

Effect of ambient temperature (+15...+40°C)
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- Electromagnetic interference

effect of disturbance signal in power
supply

— effect of disturbance signal in inputs
— effect of radio freguency field

effect of static purge

All these tests were made in several operation
points of the system.

After installation of the system in the plant all
the input measurements were tested and calibrated
by pressurized air, decade resistors and millivolt-
source. The calculation system with displays and
alarms were tested in several measuring points.

During the testing the system inaccuracies were well
within the limits of Table 1. Some programming
errors have emerged. As an example there were some
"printing errors" in the saturation curve which is
programmed in a form of a table each value printed
point by point. These errors are hard to find. If
the system would allow the saturation curve
formation by using fewer points and interpolation it
would have been easier to check the correctress of
the curve.

2.9 V
Summary of assurance of operation *

High reliability is required of the system. The
following characteristics of the system contribute
in the assurance of the system operation

Power supply from battery backed DC system

- Computing unit failures are corrected by
changing electronic modules. Spare modules
are available in the plant.

- The number of measurements is chosen in
such a way that a failure of a single
measurement channel doesn't cause system
inoperability.

- By automatic disturbance supervision and
manual channel switch-off feature the
effect of failed channels to the
computation can be eliminated.

The separation principles of ESFAS are
followed in pressure measurements
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- The hot leg temperature measurement cabling
is physically separated in two groups in
the containment

- Computing unit functions according to a
program in the EPROM. Power supply
interruptions do not affect the memory.

The system consists of equipment with wide
operational experience

Thorough testing was conducted for the
system before installation and during
commissioning.

It was noticed also in this project that prog-
ramming errors can be difficult to detect dcring
testing.



11

SAL-0002

RCS
pressure

bar

1.0

5

20

27

90

123

161

Saturation margin

Hot leg temp.
°C bar

±13

±5

±3

±6

±3

±3

±3

±0.6

±0.7

±1.1

±3.0

±4.1

±4.6

±5.1

error

% e

±17

±9

±6

±10

±7

±7

±6

exit temp,
bar

±0.7

±1.1

±2.4

±4.7

±8.5

±10.2

±12.0

Table 1:

Calculated saturation margin measurement maximum
errors at various points on the saturation curve
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