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ABSTRACT

Krško NPP, a Westinghouse two-loop PWR of 632 M We power, is in commercial operation since 1982.
Reduction of radioactive releases to the enviroment and the reduction of doses to workers is the basic goal in
the plant radiological protection. The radiation protection programme is established to ensure that the
radiation exposures to workers and members of the public are minimized according to the As Low As
Reasonably Achievable approach and controlled in accordance with international safety standards and
Slovenian regulations.

The basis for the operational and technical measures has been provided according to the industrial good
practice. The effluent control is based on the Standard Radioactive Effluent Technical Specifications, and
enviromental surveillance is established according to the programme defined by the regulations. The dose
constraints and performance indicators are used to assure the effectiveness of the radiation protection
programme and provide a convenient follow-up tool.

The monitoring programme results of each year show that there is no measurable dose to the public due to
radioactive releases. The commitment to the dose burden of any member of a critical group is assessed to be
below the dose constraint. Individual and collective doses of the workers are within a range typical for the
PWR's of a similar type.

INTRODUCTION

Krško NPP, a Westinghouse two-loop PWR of 632 MWe power, is in commercial operation since 1982.
Reduction of radioactive releases to the environment and the reduction of doses to workers is the basic goal
in the plant radiological protection. Minimization of the professional exposures and radioactive effluents
to the environment is an important part of the plant's policy.

The regulatory basis for radiological protection is provided by Act of Constitution1 of the Republic of
Slovenia which specifies regulations being applied also before its adoption. Additionally the plant uses as
the reference the ICRP Publication 60, IAEA Safety Standards and Recommendation on Radiation
Protection2. The operative programme is prepared according to the industrial good practices which can be
found in the publications of Institute of Nuclear Power Operations (INPO)3 , Electric Power Research
Institute (EPRI) and in some others4.

RADIATION PROTECTION PROGRAMME

Radiological protection controls are required by the Plant Technical Specifications and have been defined
and developed by means of the manuals and written procedures.

The programme includes the following:

- operational controls
- exposure reduction techniques
- effluent controls
- environmental monitoring

The basis for the plant operational radiological control of the professional exposure is provided by the
Radiation Protection Manual and the written procedures. The Manual describes the radiation protection
programme objectives and implementation of the radiation control standards, required to maintain
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necessary control over individual external and internal exposures. Minimization of the external and internal
doses, collective dose, minimization of contamination of areas, equipment, personnel, and reduction of
solid radioactive waste means that proper action shall be taken to get as low as reasonably achievable level
of radiation exposures (ALARA).

ALARA programme as defined in the ALARA Manual is established for radiation exposure reduction
techniques which include preliminary planning and scheduling, radiological engineering, primary water
chemistry, maintenance activities, operational control and radiation field control. Radiation exposure goals
and follow-up programme are established to involve all station groups in reducing radiation exposures.

The effluent control is based on the Standard Technical Specifications5 for the Westinghouse type of
pressurized water reactors. Radiological Effluent Technical Specifications are developed with respect to
the specific dose constraints for Krško NPP.

Finally, the enviromental surveillance is established according to the programme defined by the specific
regulation and according to the regulatory body recommendations. During twelve years of operation the
radiological enviromental monitoring programme has been performed by off-site institutes.

Operational Exposure Controls

External Radiation

Administrative dose control is provided by Radiation Work Permit. The dose level up to 1 mSv is under
administrative control of the Radiation Protection Department, up to 20 mSv is under control of the lead
engineer and the superintendent. The usual operative annual dose limit is 20 mSv. The limit of 100 mSv
for five years has been accepted since 1990. All plant individual exposures are held below 25 mSv per
year. The level from 20 to 50 mSv should be approved by the superintendent and the technical director.

Personal monitoring for external radiation is provided by electronic dosimeters and thermoluminiscence
dosimeter (TLD) badge. Additional TLD backup dose data are provided by the external institution.

Radiation surveys are conducted to identify and control radiation sources associated with operation of the
nuclear station. The Radiologically Controlled Area shall be posted by the warning labels and general
survey maps. A colour code posting is used as an information about the area or room dose rate level: green
(< 0.05 mSv/h), yellow (0.05 -1 mSv/h), red (> 1 mSv/h). A room with dose rate over 10 mSv/h should be
normally locked or attended.

Internal Radiation

Individual internal exposure from airborne radionuclides is controlled to as low as reasonably achievable
levels far below regulatory limits defined as Annual Limit of Intake (ALI). Cases with planned internal
exposure are very infrequent. The operative limit set by the plant is one percent of the legal limit. The
airborne activity concentration in the plant buildings or rooms are under administrative control and time
integrated concentration during the work should be known.

Nearly all internal exposures could be prevented by using engineered controls and by controlling
contamination at the source.

Based on radionuclide quantities, two action levels of measured internal contamination are used, where root
causes shall be investigated and corrective actions taken.

For example, whole-body counts that exceed 400 Bq of Co-60 shall be recorded and tracked. If the
activities are ten times higher, an investigation is required and the technical director should be informed.
For comparison, the ALI value through inhalation is a million Bq, and the DAC value for Co-60 is 500
Bq/m3.

Air sampling and monitoring equipment is used for identification and control of airborne radioactivity. The
samples suspected to have more than 0.1 DAC shall be isotopic analyzed.

For situations in which engineered controls such as ventilation, decontamination, source control, are not
practical, workers use respirators to minimize internal exposure.

PORTOROŽ 95 • 386



SESSION VI PROCEEDINGS

Control of Radioactive Contamination

Control of radioactive contamination is provided by:

- establishing boundaries for contaminated areas
- limiting contamination level and monitoring the contamination
- planning and performing work including use of tents
- monitoring personnel

The primary means of preventing the spread of contamination is to contain contamination at the source and
to minimize the number of contaminated areas and amount of loose surface radioactivity contained in the
contaminated areas.

Exposure Reduction

The ALARA acronym is used for the radiation exposure reduction activities. It means that collective
radiation exposure should be maintained as low as reasonably achievable.

These activites are included or defined in the following:

- preliminary planning and scheduling
- radiological engineering
- guidelines and procedures
- radiation exposure goals and follow-up program

Work involving radiation exposure should be planned as far in advance as practical. During the planning
stage, each step should be analyzed, unnecessary work should be avoided, radiation and radioactivity levels
in work areas should be determined, and collective exposure estimates should be made. Administrative
evaluation and planning of work should be applied according to a planning procedure at the action level
of 50 mSv collective dose or 5 mSv personal dose for total activity.

Several industrial techniques can be applied to support reduction of time for work, to provide distance from
radioactive source, shielding, removal of the source and control of contamination.

Design changes and plant modifications are evaluated at the conceptual stage and exposure reduction
techniques are integrated in the detailed engineering design. For developing design inputs a dedicated
procedure is used.

Cobalt-60 is the major cause of the plant components post shutdown radiation field. The origin of Co-60
is a neutron activation of Co-59. The use of low cobalt content alloys in mechanical components and
replacement parts is a generic technique to be used together with maintaining fuel integrity, foreign material
exclusion, optimization of reactor water purification system, decontamination and some others.

Plant primary water chemistry is maintained according to EPRI-Westinghouse guidelines6.

Controlling oxygen and adjusting pH of the coolant is a procedure of plant chemistry preventing corrosion
and controlling transport of activated corrosion products. Operational control includes degassing of primary
system, reducing of airborne activity by means of the ventilation system, supporting initial shutdown
chemistry specifications and primary water radioactivity control. Operative radioactivity limits for the
primary coolant are used to ensure ALARA during refueling.

Radioactive Effluent Control

The radiological effluent controls are established in accordance to the Standard Technical Specifications5.
Plant specific specifications define operational controls and surveillance requirements for radioactive liquid
and gaseous effluent monitoring instrumentation. The radioactive liquid and gaseous waste sampling and
analyses programme for batch and continuous releases are providing isotopic concentration and inventory
data of the effluents.

In accordance with the dose constraint defined in the licensing location criteria for Krško NPP the annual
(calendar year) dose or dose commitment to any member of the public due to releases of radioactivity shall
be limited to less than or equal to 50 uSv.
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The instantaneous dose rate due to radioactive material release is limited based on the general annual dose
limits for the public such as 5 mSv external dose per year and by controlling airborne activity
concentrations not to exceed the normalized value based on the DACs.

Additional limits of the Health Inspectorate are used for total radioactivity released in liquid and gaseous
effluents in a calendar quarter and a year. In a calendar year the iodine activity in gaseous effluents is
limited to 18.5 GBq. The same limit is for the particulates with half-life greater than 8 days. The limit for
the total liquid releases is 20 TBq of tritium, and 200 GBq of the beta/gamma emitters (tritium, carbon 14,
alpha emitters and dissolved gasses are not included).

Performance Indication

Professional Exposures

The collective dose in a calendar year is controlled to be at maximum level of 2 manSv, the goal level and
long term average should be below 1.5 manSv. The major part of the dose is due to outage activities. The
outage activities include refueling, steam generator plugging actions and non-destructive examinations of
the steam generators. Radiation exposure goals for each major plant activity is set primarly by those
responsible for performing the work and developed by means of the planning procedure.

The maximum individual doses are controlled to be at the level of 20 mSv per year. The average dose
should be far below 5 mSv. The expected average dose value is from 2 to 3 mSv in a year.

During the last ten years, from 1985 to 1994, the mean collective dose is 1.48 manSv. About the half of it
is due to the steam generator maintenance activities. It is expected that this part of the dose can be
significantly reduced with the future steam generators replacement. Furthermore, low-cobalt content of
steam generator tubes will consequently reduce the radiation level on the field.

Fig. 1, Fig. 2 and Table 1 show performance indicators such as annual collective dose, average personal
dose in a year, and numbers of individuals selected according to the received annual dose during the last
ten years. Individual and collective doses of the workers are within a range typical for the PWR's of a
similar type 7 .

ANNUAL COLLECTIVE DOSE

Fig. 1: Annual collective dose.

MAXIMUM AND AVERAGE PERSONAL DOSE IN A YEAR (mSv)

YEAR

AVER

MAX.

82

2.3

28.45

83

4.4

27.10

84

1.2

18.90

85

1.9

17.65

86

1.8

20.35

87

1.8

22.85

88

1.9

20.65

89

1.8

17.15

90

2.6

22.50

91

0.9

8.15

92

2.6

20.50

93

2.4

21.00

94

1.1

10.72

Table 1: Maximum and average personal dose in a year (mSv).
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NUMBER OF EXPOSED INDIVIDUALS PER
ANNUAL DOSE RECEIVED, 1985 • 1994
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Fig. 2: Number of exposed individuals per annual dose received, 1985 -1994.

Public Exposure

The total activity of radioactive material in the effluents is within a few percent of the annual operative
limits required by the Health Inspectorate for airborne iodine, airborne particulates, or fission and activation
products in liquid effluents. The level of Tritium in liquid effluents reaches about 70% of the limit.

The result of each year's assessment based on the enviromental sampling and monitoring programme show
that there is no measurable dose to the public due to radioactive releases. The commitment to the dose
burden of any member of a critical group is assessed to be below 10 ja S v per year. The calculations based
also on total liquid and gaseous effluent releases give the result of about 2 uSv per year.

The annual dose due to radiation from radioactive waste storage building, including the whole plant, is
below the constraint of 200 uSv at the site boundary.
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