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1 INTRODUCTION

This report deals with the period from the start-up of Ringhals
init 1 in 1973 up to and including 1985.

Section 1 deals with the background and purpose of the recurrent
analysis of radiation protection conditions at the nuclear power
stations. The activities of the National Institute of Radiation
Protection (NIRP) as a regulatory authority for the nuclear power
plants are also described here. A brief technical describtion of
Ringhals 1 is also provided.

Sections 2 through 7 deal with the results of NIRPs analysis
within the different subareas. NIRPs assessments are summarized at
the end of each section.

In many radiation protection matters, it is not always meaningful
or even possible to consider the reactor units separately. NIRPs
recurrent analysis of the radiation protection conditions at
Ringhals 2 (1984-10-15) covered, among other things, the Ringhals
station's radiation protection organization, program for radiation
protection training, on-site emergency preparedness organization
and program for environmental surveys. Within these areas, the
analysis covers the entire Ringhals facility. For this reason,
only the summary assessment within these areas is presented in the
present report for Ringhals 1.

Waste handling within the Ringhals plant was, however, given only
summary treatment in the analysis of unit 2. Instead, a more
detailed account is given in the present report for Ringhals 1.

The figures referred to in the text are located in close proximity
to the related section.

Background and purpose

The guidelines for the work of recurrent safety analysis were laid
down in Government Bill 1980/89:90, passed by the Parliament in
May 1981.

The Bill stated:
"On the basis of mounting experience from the operation of
nuclear power plants in Sweden and abroad, SKI should, in my
opinion, establish a program with the aim that every Swedish
nuclear power reactor unit should, if possible, undergo at
least three complete safety analyses during its technical life
similar to the one that precedes the issueance of a license
allowing the reactor facility to be put into operation for the
first time. Such an analysis should be performed every 8th to
10th year. The results of the analysis should be reported to
the Government."

In consultation with the Swedish Nuclear lower Inspectorate (SKI),
NIRP has decided to include radiation protection matters in the
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recurrent safety analysis, termed ASAR (As Operated Safety Analy-
sis Report). NIRP is responsible for review of the radiation
protection matters, while SKI is responsible for the rest of the
review. The work is organized in such a manner that the plant
owner drafts an ASAR. Then the regulatory bodies review this
report together with other documentation on the plant. The result
of SKIs and NIRPs review is submitted to the Government.

Besides revealing the current status of safety and radiation
protection at the facility, the purpose of the ASAR work is to
give the plant owner and the regulatory bodies an opportunity to
analyze the experience gained during the period under review, but
also to cast a glance forward to coming years.

The ASARs also serve as a good source of information for the
orientation of new personnel both at nuclear utilities and regula-
tory authorities.

NIRPs review and inspection activities

Persuant to the Radiation Protection Act, NIRP is the regulatory
body for the Swedish nuclear power plants as regards radiation
protection matters. Within NIRP, responsibility for radiation
protection within the field of nuclear energy lies with a separate
unit, the Nuclear Energy Unit.

The unit's sphere of activity covers all nuclear power plants, the
fuel factory in Västerås, the research facility in Studsvik, the
interim storage facility for spent nuclear fuel in Simpevarp, the
final repcsitory for radioactive waste in Forsmark and a number of
"auxiliary industries" with ties to nuclear power.

Matters related to emergency preparedness for nuclear accidents
are also dealt with by the nuclear energy bureau. However, this
report only concerns itself with the plant's on-site emergency
preparedness.

NIRPs review of a nuclear power reactor starts in connection with
the processing of a license application. The safety analysis
report required by the authorities for evaluation of the design of
the plant is then reviewed. System design, system function, servi-
ce requirements and accessibility are evaluated with respect to
radiation protection aspects. The facility's impact on the envi-
ronment through released radioactive substances is analyzed, as is
the management of radiactive waste.

When a new reactor is started up, the plant owner recieves regula-
tions on limiting radioactive releases to the environment and on
radiation protection activities. The regulations also stipulate
hov reporting is to be done to NIRP. The facilities report regu-
larly on such matters as personnel radiation doses, radioactive
releases and environmental surveys. NIRP reviews and compiles
these reports. Among other things, NIRP publishes a quarterly
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report containing personnel radiation doses and releases from all
nuclear facilities in Sweden.

NlirtP also performs inspections at the facilities, for example
during the regular refuelling outages at the nuclear power plants.
In addition to the more routine inspection activities, numerous
inspections and contacts take place with the facilities with
regard to various detailed matters.

The normal activities of the nuclear energy unit include the ASAR
as a recurrent, more detailed review of the radiation protection
conditions at each unit or plant.

Technical describtion

Ringals 1 is a boiling water reactor, BUR, vith a net electrical
output of 750 MV. Nuclear trial operation was commenced in Au-
gust 1973, and after the trial operation period the reactor has
been in commercial operation since January 1976. The plant is
owned and operated by the Swedish State Power Board (SSPB).

The reactor was designed and delivered by AB ASEA-ATOM. The design
is a further development of the Oskarshamn unit 1 design, which is
the first commercial power reactor delivered by ASEA-ATOM.

The reactor vessel of steel is placed in a pressure-resistant
cylindrical containment of reinforced concrete with an impermeable
steel lining. The containment is filled at the bottom with water
that is supposed to condense steam escaping from the reactor
vessel and thereby limit the pressure in the containment when
necesarry. RThe reactor containment is in turn placed in the
reactor building of concrete with steel roof. In the event of an
accident situation, the containment is automatically isolated from
the environment by isolating valves. The main coolant recirculati-
on pumps, which circulate water in the reactor so that the core is
cooled, are located on the outside of the reactor vessel. The
steam produced in the reactor vessel is conducted via a steam
separator and a moisture separator to the turbine system, which
consists of two parallel turbine and generator systems situated in
an adjoining building.

The steam contains some radioactive substances, both substances
that have become radioactive through neutron irradiation and
substances that have leaked out from the fuel cladding. The
turbine condenser, which returns the steam to the water phase,
requires considerable venting for its function. This is performed
by ejectors, which discharge the exhaust air from the condenser to
the ventilation stack. Delaying and filtering systems reduce
releases of radioactive substances from the plant.

Atmospheric releases of radioavtive substances from a BVR are
generally larger than from a pressurized water reactor, PVR. This
is due to differences in design which entail that the turbine
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system in a PUR should not normally contain any radioactive sub-

stances.
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2 ORGANIZATION AND ADMINISTRATIVE MANAGEMENT OP TBB RADIATION
PROTBCTION ACTIVITIES

The Ringhals station's organization for the administrative manage-
ment of radiation protection activities is described in detail in
the as-operated safety analysis of Ringhals 2. Ve vill therefore
only present the summary assessment made at that time here. In
addition, the main outlines of the organization are shown in
figs 1-3.

Assessment

The Ringhals facility, which is the largest in the country with
its four reactor units, requires a well-planned organization.

NIRPs assessment is that the Ringhals station's organization is
well equipped to handle the radiation protection questions that
can be expected to arise. Nevertheless, continuous follow-up is
important.

The supervisor for radiological activities approved by NIRP is the
head of Control and Safety. NIRP considers the model chosen by
Ringhals for responsibility for radiation protection to be well
suited to its purpose. It provides good means for NIRP to oversee
radiation protection activities at the Ringhals station.
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FIGURE 1: Organization plan for the Ringhals station
(Source: SSPB)
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3 TRAINING

Training in the field of radiation protection at the Ringhals
station vas treated in detail in the as-operated safety analysis
of Ringhals 2. Only a summary of the results is therefore presen-
ted here.

Assessment

Over the years, NIRP has continuously reviewed the program for
training within the field of radiation protection that has been
set up at Ringhals. The program appears to be well suited to meet
the needs of various personnel categories. At the same time, NIRP
would like to stress the importance of maintaining the currently
high level of competence and know-how that exists at Ringhals
within the field of radiation protection.
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4 PERSONAL DOSES

Regulations and recoaaendations

The goal of all radiation protection work is:

to prevent the occurrence of acute harmful effects where thres-
hold values exist beyond which the radiation dose causes inju-
ry»

- to limit the probability of late harmful effects (effects that
do not appear until several years after the radiation exposure)
to acceptable levels for both individuals and society. Since it
is assumed that no threshold value exists for the radiation
dose for this type of injury, each dose contribution entails a
certain probability that a late radiation injury will occur.

All activities that involve radiation shall be justified, since
each radiation dose entails some probability of injury.

The basic principle for radiation protection is that all radiation
doses should be kept as low as is reasonably achievable, economic
and social factors taken into account (ALARA, As Low As Reasonably
Achievable). The practical limits that are to apply for radiation
protection at a facility are determined on the basis of this so-
called optimization principle. However, a minimum requirement is
that the doses shall be limited so that the risks of injury for
the irradiated person are always below a given value.

One means of preventing the occurance of acute injuries is the use
of dose limits. These limits can be set at such a level that no
health effects occur, even though the individual is exposed up to
the dose limits throughout his working life. In order to prevent
acute injuries, an annual dose equivalent limit of 0.5 sieverts
(Sv) apply for all tissues except the lens of the eye, where the
limit is 0.15 Sv per year.

In order to limit the probability of late radiation injuries, such
as cancer and genetic changes, the annual dose limit for whole-
body exposure shall be 50 mSv.

For situations where only parts of the body are exposed to radia-
tion, a system of weighting factors for different organs is used.
This permits a comparison with the annual dose limit for whole-
body irradiation. The quantity calculated with the aid of the
weighting factors is called the effective dose equivalent and has
a limit value of 50 mSv per year.

The above principles and dose limits have been arrived at by the
International Commission on Radiological Protection, ICRP. They
are fundamental to NIRPs regulations and recommendations to the
pover industry on how the work of radiation protection shall be
conducted.
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MIRP has also established an ambition level for the collective
dose to personnel at nuclear power plants. The collective dose is
the SUB of all individual doses and is expressed in manSv. This
ambition level states that the collective dose, as an average over
a number of years, shall not exceed 2 manSv per GV of installed
electrical capacity and year at the reactor plant.

General factors that influence the radiation dose

A radiation dose to a human being is determined, in the case of
external irradiation, by the dose rate and the duration of exposu-
re in the radiation field. In order to calculate the effective
c'.se equivalent, expressed in sieverts, factors are used which
take into account the quality of the radiation, i e the type of
radiation and its energy, as well as the ability of the radiation
to emit energy to tissue.

In the case of internal contamination, the radiation dose is also
determined by such factors as intake of a radioactive substance,
chemical form of the substance, its physical properties and the
time the substance remains in the body. ALI values (Annual Limit
on Intake) are specified in ICRP publication 30. These values
stipulate a maximum permissible value per year for intake of
different radioactive nuclides corresponding to the dose limit for
external irradiation.

The radiation dose to personnel at a nuclear power station is
dependent on both administrative and technical factors. The admi-
nistrative factors include the status and respectability of radia-
tion protection, the radiation protection group's place in the
organization, training of the personnel in radiation protection,
the competence and planning ability of the radiation protection
personnel and the way in which the reactor is operated.

It is impossible to say exactly how much the above factors influ-
ence the size of the personal dose. But there is no question that
th»se factors are of importance and influence the conditions for
good radiation protection. An American study that deals with the
radiation dose trend at nuclear power plants in the USA emphasizes
the importance of this administrative radiation protection (United
States General Accounting Office: "Actions Being Taken To Help
Reduce Occupational Radiation Exposure At Commercial Nuclear
Poverplants", August 1982). The study notes that one cause of the
increased radiation doses at American nuclear power plants may be
the attitude of the power utilities in regarding the radiation
protection groups as a pure service function without any part in
planning and management of operations at the plants. There is,
however, no sign in Sweden of a trend in the collective doses, or
in the attitude towards the radiation protection group, similar to
that in the USA.

In the opinion of NIRP, it is necessary for the radiation protec-
tion group to cooperate actively with the management of operations
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at a nuclear power plant in order for a good result to be achie-
ved.

Factors that influence the doses at nuclear power plants are
primarily dose rates on the various workplaces and the scope of
normal service and maintenance work and safety-enhancing measures.
The dose rate is dependent on, among other things, the design of
the systems, the mode of operation, the age of the reactor and the
corrosion sensitivity of system surfaces.

Technical radiation protection measures such as shielding, decon-
tamination and monitoring can be applied to reduce the radiation
doses.

In summary, it can be said that the total collective dose, the sum
of all individual doses, depends or what efforts are required for
normal operation, for refuelling and for service and maintenance
work. The collective dose is also dependent on dose rates and
contamination levels within the plant.

An important lesson learned from many years of reactor operation
is that the various systems' content of activated corrosion pro-
ducts determines the dose rates in the station during *-h« outage
periods. It is during these periods that most of the radiation
doses are received. During operation, the dose rates are also
influenced to a great extent by short-lived activation products
entrained in the fresh steam systems. The dose contribution made
by these short-lived products is very small, however. Active
fission products from fuel damages do not assume importance until
there is considerable leakage from the fuel. Fuel damages influen-
ce above all the size of the radioactive releases to the environ-
ment.

Personal dose trend at Ringhals 1

NIRP has issued radiation protection regulation for personnel
radiation protection at the Ringhals station. These regulations
set forth maximum permissible radiation doses to the personnel.
They also make requirements on personal dose monitoring and lay
down target values for collective dose. The results of personal
dose monitoring shall be reported regularly to NIRP.

As far as is possible, separate records are kept for each block
within the facility. This permits a block-by-block follow-up of
various measures.

Based on these reports, NIRP prepares compilations where different
types of data are systemized in order to facilitate comparisons
between the different Swedish units as veil as for the purpose of
international comparisons.
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Internal contamination

The intake of radioactive materials into the body is monitored in
so-called whole-body counters. Experience from measurements at the
Ringhals station, as well as from other Swedish nuclear power
stations, shows that large internal intakes are rare. The main
reason for this is that contamination at the stations is low and
that ambitious programs are aimed at keeping the levels of airbor-
ne and surface contamination at the stations low. In cases where
there is a risk of internal intake, special protective measures
are taken such as extra protective clothing and breathing masks.
Vhen internal intakes have been discovered, they have been small,
no more than a fev per cent cf the permissible annual intake.

No special account of doses from internal intakes of radioactive
materials is presented in this report. Such intakes contribute
only marginally to the total dose at the Ringhals station.

External irradiation

All personnel who work within areas at the plant where ionizing
radiation above given limits can occur shall wear personal dosime-
ters of an approved type.

Vhe personal dosimeter that is used in the Swedish nuclear power
plants is of the TLD type (Thermo Luminiscence Dosimeter). This
device records the radiation dose recieved by the dosimeter on a
number of tablets in a holder. Provided that the radiation field
is evenly distributed, this is also the dose to the person wearing
the dosimeter.

If the radiation field on a job is judged to be non-homogeneous,
the radiation dose to different parts of the body must be measured
by means of extra dosimeters positioned on exposed parts of the
body.

The dose recorded on the dosimeter cannot be read off directly;
instead, the doses are read off in a special instrument after each
measuring period. The dose data are then compiled, generally
monthly, under natinal registration numbers for each individual.
All dose data are then transferred to a central dose register,
where all personal doses obtained at the Swedish nuclear energy
facilities are stored. This applies both to permanently employed
personnel and contractors' personnel who work at different facili-
ties. Doses recieved during work at foreign facilities are also
entered into the register.

In order to permit quick and efficient monitoring of personal
radiation doses for special jobs at a facility, or of the dose
recieved by particularly exposed groups or individuals, electronic
dosimeters are usually used. Such a system has been in use for a
number of years at the Ringhals station. The system is also con-
nected to a computer system for reading and recordkeeping.
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Besides being used to record occupational doses, the electronic
dosimeter also enables the vearer to directly read the recieved
dose himself, which should also heighten individual awareness of
good radiation protection practices. It is equipped with an alarm
and provides warning in the event of a rapid rise of the dose rate
or when a predetermined dose level has been reached. This is an
important extra safety feature.

The collective radiation doses at Ringhals 1 during the operating
period thus far following the trial operation or the first year
are shown in Figare A. The ratio between plant personnel and
contractors' personnel is approximately 25X to 75X. The average
value per unit at the Ringhals station and for all Swedish reactor
units is also shown in the figure.
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Figure 5 shows the annual collective dose from the refuelling
outages at Ringhals 1. On average for the Swedish nuclear power
plants, approximately 7O-8OX of the annual collective doses are
received in connection with the refuelling outages. It is evident
from figs. 4-5 that this is also true for Ringhals 1.
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As a guide for the nuclear power stations in their efforts to
limit collective doses at the facilities, NIRP has set up a value
of 2 manSv per installed GW of electrical capacity and year as an
ambition level to vhich the collective dose equivalent should, on
average, be limited. As is evident from Figure 6, the annual
values are higher for the Ringhals stationT calculated per unit,
than the corresponding value for all nuclear power activities in
Sweden. This is true to an even greater degree for Ringhals 1.
Extensiverepair work with a high labour input and many persons
involved in a radiation environment with comparatively high dose
rates is a basic reason for the collective dose level that Ring-
hals 1 has had över the years. However, it should be added that
the plant's efforts to combat this trend over the past two years
have been fruitful, which is also evident from figs. 4-6.
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The average value for all Swedish nuclear power plants lies around
2 aanSv per GV and year. For an international comparison, Figure 7
shovs the annual collective dose per installed GV, as an average
value for all BVRs and PVRs in Sweden and in the USA. Here it can
be seen that the Swedish values are well below the American valu-
es.
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As is evident from Figure 8, the average annual dose has been
around 3-4 mSv for the personnel at Ringhals 1. This means that
the average annual dose is less than 1/lOth of the annual dose
limit. This is a slightly lover value than for the entire Ringhals
station. The average value for all Swedish facilities is around
3 mSv. These values are averages for all personnel for whom doses
have been recorded during the year.
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According to NIRPs directives, the nuclear power stations shall
make a breakdown of radiation doses for different occupational
groups. This provides an overview of the exposure of different
personnel categories and provides support for possible countermea-
sures.

Figure 9 gives the average values for personal doses for different
occupational groups at the Ringhals station. Corresponding avera-
ges for all Swedish nuclear power units are given in Figure 10.

Generally it can be said that the distribution of doses between
different occupational categories at Ringhals does not differ from
the situation at other Swedish units.

At the Ringhals station, the average radiation dose to health
physicists and insulation personnel vas in the neighbourhood of
10 mSv per year during the late 1970s. In 1981, the average dose
for these two groups increased sharply, after which the values
declined during the years 1982-1985 and are currently at roughly
the same level as for other professional categories. Figure 11
also shows that the annual collective dose to all health physi-
cists at the Ringhals station also declined during the same peri-
od. For a number of years, the Ringhals station has pursued an
active program of countermeasures, such as TV surveillence, to
reduce the times spent by workers at places with elevated radiati-
on levels. In addition, the scope of repair work has decreased in
recent years, with the exception of the steam generator work at
Ringhals 2.

However, experience shows that the average doses for the occupati-
onal categories health physicists, insulation personnel and speci-
alists within the large group mechanical repairmen are higher than
those for other personnel. Moreover, the dose distribution within
these groups is such that there are individuals who year after
year receive a dose that is higher than the average for the group
as a whole. NIRP keeps track of these personnel categories via the
mandatory reporting and through direct contacts with the nuclear
power stations.
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Factors that influence the radiation dose at Ringhals 1

Dose-contributing jobs

Based on the reporting required by NIRP of radiation doses, it is
possible to make a job-by-job breakdown of the radiation doses.
The following types of work have been followed in particular:

- valve maintenance
- pump maintenance
- operations monitoring
- radiation protection
- in-sevice inspection
- waste handling

The collective dose for these types of work during the period
1978-1985 is given in Figure 11.

Valve maintenance accounts for nearly 10Z of the annual doses at
the unit. It is interesting to note that valve maintenance has not
exhibited the declining trend with regard to collective doses that
pump maintenance has done. A large part of the radiation protecti-
on work must therefore be directed towards this type of work.
Radiation doses in connection vith valve jobs, make up a large
portion of the annual dose.

The radiation protection vork vill probably always account for a
considerable portion of the collective dose at the nuclear power
plants. In connection with large-scope jobs in the plant, a great
deal of work is required of the health physicists in an effort to
reduce the total collective dose at the facilities in accordance
with accepted principles of optimization in the field of radiation
protection.

In-service inspection, vhich includes recurrent inspection and
other surveillence activities, has given rise to less than 5X of
the collective dose. This is a value that NIRP considers to be
comparable to the levels at other Swedish nuclear power plants,
but lover than the levels at foreign plants.

Waste handling during the entire period has given rise to relati-
vely lov collective doses. An increase could be seen in 1979, vhen
a cleanup campaign was undertaken. This involved, among other
things, grouting of temporarily stored waste quantities in concre-
te moulds and improved storage of moulds.
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Aaong individual jobs at Ringhals 1 that have given significant
collective doses are the following:

- Reactor hall work, including complete refuellings, which are
carried out once a year. Figure 12 shows that the collective
dose for refuelling has been around 200 mmanSv per year. Despi-
te the fact that the values have tended tc decrease, after a
peak in 1981, the collective dose from refuelling is high
compared to other Swedish boiling water reactors.

The high collective dose in 1981 from "other work" in the
reactor hall is noteworthy. It entails almost a doubling compa-
red with the years before and after. The main reason for the
high value are believed to be the abnormally large scope of the
work in combination with elevated radiation levels, presumably
caused by an unsuitable operating mode. The chances of avoiding
a similar situation must be ragarded as better today than in
1981, owing to such factors as greater experience of operation
modes and planning. Moreover, as mentioned previously, the
Ringhals station has introduced an electronic occupational
dosimetry system. This system permits very rapid follow-up of
the doses.

- Another job that gives rise to large collective doses is cont-
rol rod drive service. The trend during the years 1978-1985 can
be followed in Figure 13.

The radiation environment in the control rod drive space under-
neath the reactor is influenced to a very high degree by the
water chemistry in the reactor water.

At Ringhals 1, an attempt has been made to reduce the doses
through radiation shielding of the individual drive motor
units. An improvement has also been achieved from the high
value in 1978, but owing to a slightly higher dose rate level
in the radiation environment of Ringhals 1, the values are
higher than for other boiling water reactors in Sweden.

- In 1980, major repairs were made of tees in pipes belonging to
the primary systems due to cracking. In 1981 the same systems
were rebuilt, whereby new tees were installed.

- In 1983, extensive pipe replacement was undertaken in certain
systems. This work was necessitated by intergranular stress
corrosion cracking in some of these pipes.
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Dose rate buildup

A factor that directly influences the total dose picture at a
nuclear power plant is the general radiation dose rate.

A buildup of dose rates in the facility occurs due to the fact
that corrosion products are activated as they pass through the
reactor core and then accumulate in pockets and at other places
where the water now rate is low. In its ASAR, SSPB points out
that Ringhals 1 is one of the first BVR plants in Sweden and that
it contains a relatively large number of such places where radio-
active particles accumulate. Another important factor is that the
layer of corrosion products and other materials that builds up on
the fuel cladding during reactor operation started to flake off
and pass out into the reactor systems during the first years of
operation. This is probably an important reason why the dose rates
in different system sections have been relatively high by Swedish
standards.

By examing the reactor water, it is possible to gain a picture of
the activation of the corrosion products. Figure 14 shows the
annual averages for the concentration of cobalt-6Ö~in the reactor
water. Here it can be seen that the activity level appears to have
stabilized in recent years. Measures at different points in the
plant also indicate that this is the case. There are, however,
measuring points that exhibit increases in the dose rate in recent
years.

C O - 6 0 IN THE REACTORWATER, RINGHALS 1
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Assessaent

The contribution to the radiation dose exposure of personnel from
internal contamination during the period has been marginal at
Ringhals 1.

The collective radiation doses during the period have been higher
than the average for all Swedish units.

NIRP believes that the relatively high annual collective dose at
Ringhals 1 is mainly due to the large scope of repair work, on the
reactor's piping systems, with many persons involved. Moreover,
the unit exhibits radiation levels in the plant, due to the accu-
mulation of radioactive corrosion products in different piping
systems, that are higher than those exhibited by other Swedish BVR
plants.

NIRP has defined an ambition level for the collective dose at
Swedish nuclear power plants. This is a goal for the plant owner
to strive for. The average value over a series of years and for
all Swedish units shows how well this goal has been raet on the
whole. Moreover, NIRP naturally follows the trend at each indivi-
dual unit. Compared to the defined ambition level of 2 manSv per
installed GV electrical power, the average value for all Swedish
units is close to NIRPs normative value. In an international
comparison, the Swedish values appear favourably.

The average radiation dose to the personnel at Ringhals 1 is
generally comparable to that for all Swedish units. Thus, the
average radiation dose to the personnel at Ringhals 1 is less than
1/lOth of the annual dose limit, or 3-4 mSv per year.

The average doses to certain small specialist groups and individu-
al persons are, however, higher, although they have tended to
decrease in recent years for the most exposed groups, insulation
personnel and radiation protection workers. The distribution of
doses between occupational categories in Ringhals does not differ
from that at other Swedish units.

The first years' high activity levels of eg cobalt-60 in the
reactor water have been followed by considerably lower levels in
recent years. However, the effects of deposition of the radioacti-
ve materials in the reactor systems persist for a long period of
time. Since the dose rates in the plant are of great importance
for the personnel radiation doses, NIRP is of the opinion that
SSPB should devote considerable efforts to reducing the dose rates
at Ringhals 1 in the long run.
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S RBLBASBS AND BNVntOMMBNTAL IMPACT

Release pathways and aonitoring principles

Air

Airborne releases of radioactive substances to the environment
take place via the reactor unit's main stack..

Ventilation air from the reactor building, the turbine building
and the waste building is emitted via this stack. The air flow is
directed towards areas classified for a higher risk of air conta-
mination.

Radioactive off-gases mainly come from the turbine condensers,
from which they are evacuated by means of steam ejectors to a
decay tank. The decay tank, which contains sand, delays the radio-
active noble gases for about 35 minutes before release. In this
way, their activity is reduced to about half, calculated on the
total inflow of noble gases to the tank. From the decay tank, the
gases are passed through filter banks consisting of iodine and
particle filters.

In order to determine the size of the releases, monitoring equip-
ment for activity monitoring is installed in the stack. A small
partial flow is diverted from the main flow through a measurment
loop. The measurment flow is led through aerosol and iodine fil-
ters for continous collection. The filters are regularly removed
and measured. The measuring flow is then conducted through a
measurment chamber, whose detector continuously and nuclide-
specifically monitors and records the noble gas activity. Another
measuring loop contains another detector as well as a sampler for
iodine and aerosols. Air samples can also be taken manually from
the measuring loops.

Operating experience of the systems that monitor atmospheric
emissions have been good, according to the reporting to NIRP.

Water

Radioactively contaminated water is released via the unit's coo-
lant canal. Radioactive water mainly comes from floor drainage
within active areas, reactor drainage, turbine drainage, cooling
and cleanup systems for different system parts such as the reactor
containment, spent fuel pools, condensate and reactor water.

There are two release pathways, one for water that has been trea-
ted in the waste building and one for other water, including floor
drainage from the turbine building. The latter can also be clea-
ned, if necessary, in the waste building.

By increased recycling of waste water after cleaning, the Ringhals
station has reduced the quantities of liquid effluent. This has
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also led to reduced activity releases via war*»r. On the other
hand, the quantity of solid waste has increa.-id slightly.

Prior to release, samples are taken of the liquid effluent from
the waste building. The effluent is analyzed prior to commencement
of discharge. All discharge fakes place under proportional samp-
ling. This means that a water sample proportional to the flow in
the discharge line is collected in a special tank for monthly
analysis. Samples from this tank are also sent to NIRP for tes-
ting.

Monitoring of the quantity of activity discharged to the sea has
functioned satisfactorily. Occasional instances have been reported
where proportional sampling has not worked. The Ringhals station
has corrected this situation by, among other things, replacing the
pump that supplies the sampling tank with liquid effluent.

Releases of radioactive substances

NIRP has issued regulations governing releases of radioactive
materials to the atmosphere since the start of the Ringhals stati-
on. Releases to water are limited through 1980 by decision of the
Water Rights Court. Up to and including 1980, the regulations for
atmospheric emissions were issued in the form of release rates for
different groups of nuclides. They were based on the estimated
dose to which a given release rate would give rise. Starting in
1981, releases to both air and water are limited by regulations
issued by NIRP. The releases shall be reported in the form of
"norm releases" and "collective dose equivalent indexes".

Critical group

The term "critical group" denotes a group of people in the vicini-
ty of the power station who, due to for example living habits, can
be expected to recieve a higher dose contribution than others as a
result of the releases.

The critical group may be an existing group of people or an imagi-
nary group. The group shall not consist of isolated individuals
with highly unusual living habits.

Norm release

A "norm release" is a release of different radioactive substances
that give rise to a radiation dose of 0.1 mSv to a person in the
critical group. A norm release does not constitute a release
limit, but shall rather be regarded as a nominal value for maximum
expected release under normal conditions. NIRPs goal is to prevent
annual releases in excess of five norm releases. According to
the ICRP, the general public should not receive individual doses
of more than 1 mSv per year. Through its mandatory reporting, NIRP
can keep track of the release rate and, if necessary, require
measures to reduce the releases.
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Hov large a radiation dose one norm release gives, in comparison
with radiation doses from normal background radiation and radon in
homes, can be read from Figure 15.

The releases from Ringhals 1 during the years 1975-1985, expressed
in fractions of a norm release, are illustrated in Figure 16.
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So far, the releases from the Ringhals station have been dominated
completely by the releases from unit 1. The largest contribution
has come from the releases of radioactive noble gases. The reason
why the releases of noble gases from Ringhals 1 have been much
higher than for other Swedish nuclear power units is that there
has been a comparatively large amount of damage to the fuel clad-
ding. One reason for this is that the fuel was subjected to higher
loads during the first years of operation due to power change
tests. Noble gases are the nuclides that most readily escape from
the fuel and are also the most difficult to contain in the stati-
on, for example by means of filters. As shown by figure 16, the
largest releases took place during the period 1979-1982. It was
damages to the cladding in the original fuel that occured on a
larger scale during this period. Moreover, the original fuel had
slightly different properties than the fuel that is now being
used.

The lessons learned from the operation of Ringhals unit 1 have led
to attempts to spare the fuel in connection with the operation of
more recently started reactors, which has also led to considerably
lower releases for these reactors.

In recent years, the atmospheric emissions from Ringhals 1 have
been below 5% of a norm release. This is a consequence of the fact
that the original fuel has been gradually replaced and the remai-
ning original fuel has been placed in low-load positions in the
reactor core.

The discharges to water have not deviated appreciably from the
releases from other nuclear power units in Sweden. These releases
consist for the most part of radioactive corrosion products.

Collective dose equivalent index

For the purpose of limit'.-.g the future global average annual dose
from all nuclear activities in the world to a maximum of 0.1 mSv
per individual, NIRP has stipulated in its regulations that the
global collective dose from one year's releases froc. a nuclear
power facility in Sveden shall not exceed 5 manSv per GV of in-
stalled electrical power, calculated over a time period of 500
years. In order for the average dose to reach 0.1 mSv per year and
individual for the world's population, the world's nuclear pover
industry must produce 10 kW per person and year for 500 years.

The collective dose equivalent index is the ratio between the
collective dose from a release expressed in manSv per GV and
5 manSv per GU, The collective dose equivalent index should thus
be limited to a value of less than unity for the Swedish nuclear
power program.

The collective dose equivalent index for Ringhals unit 1 is 1.2,
while the index for the entire Ringhals station is 0.58. The
dominant nuclide contributing to the collective dose is carbon-14,
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oving to its long half-time. However, this nuclide makes a very
small contribution to the norm release.

The primary purpose of limitiig the collective dose is to prevent
the future individual doses from all nuclear power facilities in
the world from exceeding acceptable levels. With the present-day
development of the national and international nuclear power prog-
rams, the size of the releases will not assume the proportions
foreseen when the regulations were formulated within the foresee-
able future. This means that the future individual dose vill not
exceed 0.1 mSv, even if the collective dose equivalent index as an
average for Sweden is slightly higher than unity.

Bnvironaental surveys

Surveys are conducted around the Ringhals station to determine how
radioactive nuclides from the releases are transported and built
up in the environment. This environmental monitoring was dealt
with in NIRPs recurrent as-operated safety analysis of Ringhals 2.
Nothing has occured since then to alter NIRPs assessment.

Assessment

NIRP finds that the monitoring systems for monitoring releases of
radioactive substances to air and water at Ringhals 1 fulfil the
requirements of NIRP.

The radioactive release from unit 1 have been below one norm
release throughout the entire period. Except for a couple of
periods, the releases have been small. The reason for the higher
releases is known, and SSPB has taken steps to reduce the releases
to a low level.

At present, there is no reason to expect that the releases vill
once again rise to the levels they had when they were greatest.

The results from the environmental surveys that are conducted
regularly around the station confirm that the releases have been
small and have not entailed any significant environmental impact
on the surroundings.
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6 QM-SITB BNERGEMCT PRBPAREDNBSS WITHIN THE RINGHALS STATION

The Ringhals station's on-site emergency organization vas dealt
with in connection vith the recurrent as-operated safety analysis
of Ringhals 2. Only a summary assessment is therefore given here.

Assessment

SSPB continously submits information to NIRP on the o.i-site emer-
gency organization, in respect to both general and detailed cha-
racteristics.

Discussions are in progress between the regulatory authorities and
the power utilities regarding on-site emergency preparedness at
the nuclear power stations. Examples of matters of interest to
NIRP include reporting of measurments and indication data, hand-
ling of various accident situations, coordination with the off-
site emergency organization and station accessibility during and
after an accident.

Experience to date from emergency exercises indicates that the
organization at the Ringhals station functions in the intended
manner.
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7 IHPLBHEIfTBD AMD PLAMSD ffiASURBS OP IMPORTANCE PROM
THE STANDPOnrr OP RADIATION PROTBCTION

SSPB has been compelled to allocate considerable resources for
radiation protection activities at Ringhals 1. This is assiciated
vith the fact that the radiation levels in the station are relati-
vely high. In addition, considerable maintenance and repair vork
has been done. The design of the station also makes radiation
protection measures more difficult.

As experience has been gained, SSPB has adopted improvements in
the station to facilitate the vork. Examples of such measures are:

- shielding of radiation sources
- building alterations

procurement of auxiliary equipment
installation of additional monitoring and alarm equipment

- expanded documentation of radioactive system sections

In NIRPs viev, all of these measures have contributed towards
keeping down the radiation dose to personnel.

Also of importance in this context are the improvements made by
SSPB to facilitate waste handling at the Ringhals station.

Water chemistry

Besides direct protective measures, SSPB works with water chemist-
ry matters, above all within the BKM project (Bränsle Kemi
Material = Fuel Chemistry Materials). BKM is a joint project
between the power utilities and ASEA-ATOM. The purpose is to
increase understanding of the factors that govern the development
of the radiation levels in the BWR stations.

A decisive reason for the high, by Swedish standards, doses at
Ringhals 1 is the high radiation levels. NIRP therefore believes
that SSPB must prioritize measures to arrest the dose rate build-
up, and in the long run measures to reduce the dose rate levels.

Measures in the aftermath of TMI

Following the accident at the TMI-2 reactor in the USA, the ques-
tion of measurement and sampling during and after an accident came
under scrutiny. SSPB tackled these problems at an early stage. A
project was created with instructions to identify the tasks that
would probably have to be performed in an accident situation. The
purpose was to identify places in the station where extra surveil-
lance and radiation shielding are required, for example to permit
access to a vital component.

An advanced system for sampling of primary coolant water and the
containment atmosphere is in the process of being implemented by
SSPB. The installation is expected to be finished in connection
with the refuelling outage in 1987.
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In 1982, SSPB installed equipment for measuring high radiation
levels in the ventilation stack and reactor containment. This so-
called "accident measurement equipment" is supposed to enter into
function during an accident when the measuring instruments inten-
ded for normal operation cannot be relied on to work.

Waste handling

The waste quantities have increased as the Ringhals station has
put more units on stream. In order to meet this increase and in a
general striving for good waste handling, the Ringhals station has
expanded premises and equipment.

In the early 1980s a new building was taken into use containing
both a workshop for active components and decontamination premises
that permit the cleaning of relatively large components. The
existing waste building is currently being rebuilt and expanded.
These changes will result in the following:

- increase in tank capacity for storage of ion exchange resin
improvement in the radiation environment around the mould
grouting line

- moulds will be transported to stores in a tunnel
- activity measurement will take place in connection with place-

ment in the store

Another important advantage of this alteration is that virtually
all waste handling will be collected at a single place. At pre-
sent, it is spread out over a number of different premises. The
alteration is scheduled to be completed in 1987.

Another improvement that has been carried out is that the previous
transport vessels for transport of ion exchange resin from the PUR
units to the waste building have been replaced with new ones.
These new ones provide better radiation shielding and permit
better handling from the standpoint of radiation protection.

MITRA

In Energy Bill 1980/81:90, the Government presented its view on
severe accidents. The subsequent passage of this Bill by the
Parliament requires further release-limiting measures to be adop-
ted at the Swedish nuclear power stations. In the case of the
Ringhals station, this is to be completed prior to 1989.

In the NITRA project, SSPB has investigated and proposed measures
for, among other units, Ringhals 1. In December 1985, SKI and NIRP
proposed certain augmentations of the Swedish reactors. In Februa-
ry 1986, the Government adopted these proposals.

The requirements on the Ringhals station will be the same as for
the Barsebäck station, i e the release may not exceed 0.1% of the
core inventory of the cesium nuclides 134 and 137 in a core with a
thermal output of 1800 HV.
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Miscellaneous

Several cases of intergranular stress corrosion cracking have been
discovered in Sweden, including at Ringhals 1- SSPB has been
working on these matters for some time. Areas under study are
alternative water chemistry (addition of hydrogen to the primary
cooling system), development of test methods for detecting cracks
and development of detection methods for small leaks.

Extensive corrosion requires large repairs and high radiation
exposure for the personnel who do the work. It is therefore of
great importance from the standpoint of radiation protection that
countermeasures be adopted to reduce the probability that extensi-
ve repair work has to b3 done on the stations.

A pipe replacement was carried out at Ringhals 1 in 1983 owing to
this problem. The collective dose was about 1 raanSv.

Something that can influence the personnel radiation doses in the
future is plans to carry out some of the maintenance work that is
now done during the refuelling outages during operation instead.
It is important that SSPB carefully study what consequences this
will have from the standpoint of radiation protec ion.

Assessment

A number of measures have been adopted at Ringhals 1 in order to
keep radiation doses down. Further measures are planned by SSPB.
NIRP will continously follow up and review the work.

In the opinion of NIRP, SSPB must continue to allocate considerab-
le resources to radiation protection activities. Areas that must
be given priority are dose rate development and material questi-
ons, including method development for materials inspection.
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