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INTRODUCTION

The exchange of operating experience as an effective tool for
increasing nuclear power plant safety and availability is not a new
concept and certainly not a post-TMI-concept. However, the accident
that occurred at Three Mile Island 2 in March 1979 demonstrated that
a more structured system for experience feedback was needed to en-
sure a cumulative learning process from precursor incidents and
transients.

The Swedish nuclear power utilities, like others abroad,
quickly concretized the perception that attitude changes towards
all aspects of operational safety were needed and formed at the
beginning of 1980 a common safety organization, the Nuclear Safety
Board of the Swedish Utilities (Rådet för kärnkraftsäkerhet, RKS).

One of the main tasks of RKS has been to develop and is now to
operate the Swedish "ERF" system for collection, evaluation and feed-
back of information about incidents and transients in Swedish and
foreign nuclear reactors. This work started mid 1980 with a review
of the already existing systems employed by the utilities themselves
and by the Swedish Nuclear Power Inspectorate (Statens kärnkraft-
inspektion) .

Since its foundation, RKS has developed an extensive network of
contacts with nuclear power utilities representing 14 countries, in
order to screen, analyse and transmit significant operating experi-
ence to Swedish and also foreign utilities.

The main characteristics of the Swedish "ERF"-system are pre-
sented in a schematic form in the figure 1.
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Figure 1. Characteristics of the Swedish "ERF"-system for feed-
back of operating experiences.

SWEDISH TRANSIENT DATA BASE

The Swedish utilities and RKS are involved in the screening of
Swedish plant events and transients. Each nuclear utility - operat-
ing staff/headquarters - has an in-house programme to screen events
that occur in its (their) own plant(s) and in some respect in other
Swedish plants. RKS has the responsibility of screening "all" nu-
clear plant events.

The plant events are - in accordance with the Plant Technical
Specifications - documented as Licensee Event Reports, Trip Reports,
and other safety and operation reports. The reports are, at RKS,
screened and classified into three different categories: The first,
events which should be analysed in detail due to their signifi-
cance. The second, events which seem to belong to trends and
should be used for trend analysis. The third, events which do not
need immediate analysis of any of those kinds and which are filed
for statistical use and any further use.

The criteria used in the screening process are roughly similar
to those used by INPO in the SEE-IN programme and are not given here.



Table 1. Overview of the Swedish Nuclear Power Plants

Plant

Oskarshamn 1
Ringhals 1

Oskarshamn 2
Barsebäck 1
Barseback 2

Porsmark 1
Forsmark 2

Forsmark 3
Oskarshamn 3

Ringhals 2
Ringhals 3
Ringhals 4

MWe
Net

440
750

600
570
570

900
900

1060
1060

800
915
915

Conner c.
Op.

1972
1975

1975
1975
1977

1981
1981

1985
1986

1975
1981
1982

NSSS Turbine

Asea-Atom SMI-Laval
GEC (2 turbines)

" BBC/Stal-Laval
Stal-Laval

H m

" " (2 turbines)
M M «

H M

W It

Westinghouse " (2 turbines)
W M M

M n m

STATISTICAL TRENDS OF PLANT TRANSIENTS

In this paper, only those transients from the data base which
have resulted in scrams are considered. The analysis was performed
based on the ten presently operating plants (see table 1) starting
the first calendar year after the first synchronization of each
plant to the grid and ending September 1, 1983.

Transient sequences after scram are often of high interest
with respect to component malfunctions, human errors, etc... The
"post-scram" documentation has been implemented at each plant, thus
allowing the detailed study of the whole transient sequence after scram.

The fact that only scrams have been analysed in this study does
not mean that the following, among other, have not been observed:

The only abnormal occurrence reported until now, and which af-
fected the Ringhals 2 PWR, occurred during hot shutdown and is
thus not 'identifiable in the scram statistics.

Many transients (steam/feedwater control problems) resulting
in scram occurred during start-up of the plants. This is
equally valid for both PWR and BWR and these transients are to
be considered as "mild" transients due to actual power level.

Transient sequences have occurred which did not result in the
need for a fast shutdown (i.e initiation of the manual screw
shutdown system in ASEA-ATOM reactors).

With the limitations mentioned above, the transient history of
the Swedish nuclear power plants is illustrated in figures 2 and 3
below, as a function of year of operation.
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Figure 2. Histograms of scrams
in Swedish BWR
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Figure 3. Histograms of scrams
in Swedish PWR

The above figures are good illustrations of feedback of operating
experiences between utility owners, operational groups and vendors.
It can be seen that both the learning time and overall transient
frequency show a significant decreasing trend. To pinpoint and quan-
tify general reasons for this positive pattern is a delicate task
but the following aspects are deemed obvious:

Reactor vendors have, as it should be expected, reached a more
mature design stage and improved their earlier designs.

Utilities" have increased their overall practical system com-
petence (i.e safety, maintenance, operator instructions, etc).

A significant number of operational personnel belonging to the
"first generation plant" operators and specialists has partly
crewed the operational staff of later generation plants, thus
directly feeding back operating experience and avoiding some of
the "early" mistakes.

Full scale simulator training started around 1976 - 1977 which
means that the operational staffs of the first four nuclear
power plants in Sweden had no possibility at the beginning of
plant operation to decrease the probability of operator error
through the benefits of repeated simulator training.



ROOT CAUSES OF TRANSIENTS

When studying transients - or other disturbance report sta-
tistics - the problem arises when one attempts to extract from the
data base some "sensible" classification of the root causes. The
transients are here classified and illustrated at two levels:

transients originating from different parts of the plant (figu-
res 4 and 5)

o
o
o

reactor
turbine
other

transients classified according to the following general root
causes (figures 6 and 7)

o Operator error (both in the control room and out in the
plant)

o Test/maintenance activities
o Component/system failure
o Miscellaneous (loss of external power, storm etc).

tcnm/ye»

Ringhals 1

scram/year

Forsmvk 2

Figure 4. Classification of BWR
transients according
to plant parts.

Figure 5. Classification of PWR
transients according
to plant parts.



Comparisons between BWR and PWR, outgoing from the above
figures, must be made with care. As an example, the relatively high
number of scrams in PWR caused by reactor system malfunctions
depends on the fact that many systems, like feedwater and auxiliary
feedwater systems, belong to the reactor part in PWR, while they
belong to the turbine part in BWR.

The persistent problems associated with the turbine part of the
older BWR-stations are dominated by condensate feedwater preheater
problems and difficulties with feedwater control at start-up. Several
actions were taken which resulted in a significant decrease of the
frequency of start-up transients: installation of electronic moni-
toring system for preheater level control, increased volume of the
preheater tanks, improvements of the overprotective design of vital
control components (pumps, valves) in the feedwater and steam
systems.

Considering the Swedish Westinghouse type PWR, most of the
transients over the years have been related to steam generator
problems: tube leakages and steam generator level control, the
latest problem being due to steam flow/feedwater flow mismatch.
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Figure 6. Histogram of scram
root causes for BWR.

Figure 7. Histogram of scram
root causes for PWR.



Figures 6 and 7 above illustrate the frequency of the four
main root cause categories mentioned above for the same nuclear
power plants as in figures 4 and 5.

The direct conclusion provided by these figures above is that
transient sequences primarily caused by human errors or inadequate
instructions have almost disappeared at these plants. For BWR the
underlying reasons for this trend development are mainly twofold:

A decrease of the frequency of operator errors associated with
IRM switch-over during start-up. This is almost equally valid
for the two first BWR generations, where IRM switch-over is
manual. This, during start-up, necessitates a good coordination
between turbine and reactor operators because an inadequate
feedwater flow (high flow or low temperature) to the reactor
vessel will result in a short but fast-coming neutron spike
which often leads to scram if the IRM switch is not turned in
time to the next higher level.

Significant efforts have been made, through both implemented
start-up procedures and training, which underlines the impor-
tance of coordinated actions between turbine and reactor oper-
ators in order to avoid such transients. Experience shows that
these efforts have been fruitful.

It must be mentioned that the latest two ASEA-ATOM BWR genera-
tions have automatic switch-over of IRM during start-up, this
eliminating the above mentioned transient cause.

A decrease of the rate of human errors during room cleaning
work. This reccurring type of errors has in the past caused
water overfilling of floor well level monitors thus initiating
reactor isolation signal and finally resulting in scram. Both
more stringent operator instructions and system development -
elevation and/or physical separation of the floor level
monitors - have contributed to the resolution of this specific
transient cause.

This last cause of earlier BWR scrams does not contribute as
primary events, to the PWR transients, because no scram
signals are generated from floor level monitors in Swedish
PWR. This might partly explain why operator errors seem to
have been more frequent in BWR than in PWR.

Another reason might be found by the explanation of the
figure 7, where a significant decrease in scram frequency can
be observed, starting about 1980. As mentioned above, many
trips have occurred in the first Swedish PWR due to problems
with steam generator level control. The causes were often
judged as systern/component malfunctions but, a closer look



makes it possible to characterize these causes as human errors
in combination with an inadequate system design.

Prior to 1979, the Ringhals 2 start-up procedure had to rely
on manual feedwater control of the steam generators up to 20 - 25 %
of full power. During lengthy start-up periods the probability of
human error increased strongly, often resulting in feed flow/steam
flow mismatch and finally reactor trip. In 1979, automatic steam
generator level control at low power was installed which, after
many malfunctions during the two first years, has resulted in a
drastic reduction of trips at Ringhals 2.

Considering the two other main transient cause categories, i.e
test/maintenance and miscellaneous (external events etc), the
conclusions are twofold:

Errors due to test/maintenance activities appear to give a
limited contribution as transient primary causes. This type of
error is of relatively low frequency and arises mostly during
some few years after start of commercial operation.
Transients caused by external causes (ice in set water intake
channels, less of external power, etc) have not been dominant
in the past when the transient frequency was relatively high.
Today this category is responsible for a non negligible part of
the transient initiating events which might be difficult to
reduce further. However, the possibility exists of achieving
this, through, for example, the improvement of the pressure/-
neutron flux control system in some older BWR in order to
succeed with the switch-over to house turbine operation
following a lose of external power, as described below for
Ringhals 1.

In the present design, a very short pressure spike (about
0.2 MPa) is obtained, after a loss of external power, following the
closing of the turbine governor valves and the opening of the dump
valves. This limited pressure spike results in a neutron spike (of
low energy) giving APRM-scram signal. A modification, like the one
performed in Oskarshamn 2, would be to install delay/filter function
on the APRM scram signals, thus increasing the probability for
house turbine operation in case of external grid disturbances, thus
reducing the overall scran; frequency.

IMPACTS OF PLANT TRANSIENTS

Impact on plant safety

As mentioned in section 3, the Swedish plants have, in only
one case, experienced an abnormal transient according to the defi-
nition contained in the Technical Specifications. This event is,
for information, summarized below.



At Ringhals 2, a 3 loop Westinghouse PWR, the pressurizer
pressure and level dropped during hot shutdown conditions June 16,
1979. Through the internal TV monitoring system, a leakage was
discovered in the RTD-return line of loop 1 (RTD = Resistance
Temperature Detector). The leakage originated from the flange of
the loop flow monitor and was caused by a damaged gasket. In order
to lower the primary system pressure as fast as possible, thus
minimizing the total leakage, the safety injection SI was blocked
(this is in violation with the Technical Specifications). During
the following transient sequence, the water level disappeared (due
to the rapid cooldown) from the pressurizer and it can not be
excluded that an interface steam/water existed for some instants in
the reactor pressure vessel head. The RCP-pumps were kept in
operation without cavitation meanwhile two charging pumps were
responsible for the reestablishment of the pressurizer level and
the termination of the transient.

After the occurrence of this "small-small LOCA", all flanges
in the RCP loops with potential for leakage were redesigned and
welded.

In summary, as the result of overall adequate operator actions
in coordination with success function of the mitigating safety
systems, all transients have until now been terminated safely with
the plant parameters kept inside the predetermined plant safety
limits, thus also guaranteeing the public safety.

Impact on plant availability

Even if plant availability is dependent on transient frequency,
this dependence has been and still is almost totally dominated by
the isolated occurrences of important component failures or by the
discoveries, during periodical examinations, of material defects in
various systems resulting in long shut-down periods (example:
repairs of feedwater spargers in Oskarshamn 1, steam generator
repairs in R2, 3, 4, etc.

As an illustrative example, the oldest Swedish BWR Oskarshamn 1
experienced 25 scrams in 1978 but in spite of this reached a ca-
pacity factor of 80 % for the same year.

For information, the 1982 average capacity factor was 78 % for
the 7 Swedish Asea-Atom designed BWR and 65 % for the Swedish Wes-
tinghouse designed Ringhals 2 (Ringhals 3 and 4 are not representa-
tive because of the modification works associated with the D3-type
steam generators).
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CONCLUSIONS: WHAT MORE SHOULD THE NUCLEAR INDUSTRY DO?

When trying to answer such a wide question, it must be under-
lined that the following remarks are given as the author's point of
view.

Even if transients such as large LOCA, ATWS etc have not
occurred in Sweden, looking into the future with respect to
transients means that the ensemble of transients exemplified in
the present paper must be extended to include more severe, but far
less probable, abnormal occurrences.

This remark must be seen in the light of public acceptance of
nuclear power, because this acceptance is the necessary condition
for a real future for nuclear industry and its products.

Regarding this background, two answers to the question in the
headline can be formulated:

On a national scale, the nuclear industry has to continue with
the systems and work routines which are established and the
experience and utilization of which demonstrate a remarkable
positive trend as far as operational transients are concerned.
Considering more abnormal transients, the Swedish plants have,
until now, in only one case experienced a transient sequence
classified as abnormal occurrence (small-small LOCA in Ring-
hals 2). For increased knowledge and protection, as regards
these low probability transients, the Swedish industry has
thus to rely upon international operating experiences. This
necessity is covered through the participation of both utili-
ties, vendor and regulatory bodies in established systems and
organizations for experience feedback (NOTEPAD, UNIPEDE,
IAEA-IRS etc..).

The second answer is a complementary addition to the first one
which, if it also fulfils the requirements and goals of the
nuclear industry, still leaves the layman in expectancy about
the nuclear option. Thus it appears that, in order to guaran-
tee the future of the nuclear option, the industry has to
continue the maturation process of actual plant designs and
create, in parallel with the first answer above, a new design
which can gain broad public acceptance based on its safety
features and the possibility for the layman to understand them.

SECURE, an inherently safe nuclear power plant now under
study in Sweden, whose safety properties are based on the
natural laws of the thermohydraulics, is an example of such a
possible future design, which after extensive safety study is
judged to possess the potential of eliminating the risk from
all major credible abnormal transients (LOCA, ATWS e t c . ) .


