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The contemporary system of radiological protection for practices is based on the three
fundamental principles: justification of practices, optimisation of protection and limitation of
individual doses [1]. Once a practice has been justified and adopted, it is necessary to ensure
that exposure to ionising radiation is kept as low as reasonably achievable (ALARA), economic
and social factors being taken into account. During past two decades the ALARA procedures
have been implemented also in the work management in Slovak nuclear facilities.

There are a number of decision-aiding techniques available for use within the ALARA
procedure. However, use of these quantitative techniques in work management of our nuclear
power plants was rather questionable due to the absence of monetary value for objective health
detriment. This standard reference value (known variously as the alpha value or the cost of
mansievert) expresses how much should be spent to reduce or save unit collective dose. Until
2001 there were no alpha values established in the Slovak republic either by the regulatory
authorities or internally by organisations. Recommendations concerning the alpha value came
with the amendments of our radiation protection legislation [2], where a system of alpha values
was introduced reflecting the aspect of aversion to increasing individual doses. As can be seen
from Table 1 different alpha values are assigned to unit collective dose depending on the range
of individual occupational doses comprising this collective dose.

Table 1: Alpha values according to Slovak radiation protection legislation [2j

Alpha value

[Sk/man.mSv]

< 2

2 000

Individual occupational dose

2 - 5

5 000

5-15

15 000

range [mSv]

15-30

20 000

30-50

25 000

NPP V-l operates two VVER 440/230 units and of numerous troubles that afflict PWR
steam generators the plant encounters also erosion damage to the feedwater distribution piping.
It was decided therefore to replace the feedwater pipes gradually during regular outages. This
programme has started at steam generator 26 during recent outage of Unit 2 (September -
October 2001). It was clear from the very beginning of job planning process that all of the
ALARA trigger levels would be exceeded and the ALARA procedure was carried out. Simple
quantitative tool of radiation protection optimisation (cost - benefit analysis) was used within
the procedure in order to assess the optimum level of personnel protection. All available options
with different levels of radiation protection were identified, namely

1. zero protection option,

2. temporary shielding (single layer of lead sheets (3 mm thick) installed inside the steam
generator),

3. doubled temporary shielding (two layers of lead sheets installed),

4. chemical decontamination of the steam generator (with no additional shielding),
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5. chemical decontamination and temporary shielding and

6. chemical decontamination and doubled temporary shielding.

Having identified feasible radiation protection options, relevant factors which
distinguish between these options were recognised and quantified for each option. Considered
factors derive from two main groups - costs of protection (direct capital costs - lead shielding,
decontamination fluids and operational costs - radwaste treatment and disposal) and radiation
doses (individual doses and collective doses). The cost of labour was not considered here as the
total volume of work carried out by contractor was the same for all options and subsidiary
works (shielding installation, decontamination) were performed by the plant maintenance. Both
collective and individual doses were estimated from historical records of dose rate
measurements inside the steam generators and records of achieved decontamination factor
values.

Comparison of options and selection of optimum one was achieved by means of cost -
benefit analysis. This technique defines the best or optimum solution as the option that
minimises the overall cost, i.e. the total of the financial costs and the costs of health detriment.
The cost of health detriment is obtained by multiplying the monetary value of unit collective
dose (alpha value) by corresponding collective dose. Results of this analysis are illustrated in
graphic form in Figure 1.

Figure 1: Cost - benefit analysis for feedwater distribution piping replacement (assuming
dose rate in steam generator 7 mSv/h)
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It is clear from the figure that under assumed conditions the optimum radiation protection
option is the option with the highest level of protection (chemical decontamination with doubled
additional shielding). However there is no doubt that the actual dose rate in the steam generator
is a crucial factor which can dominate the total cost and thus selection of optimum solution.
Therefore it was decided to conduct sensitivity analysis in order to check the robustness of the
chosen solution. Table 2 and Figure 2 show the impact of changing the dose rate value (for
better clarity options 1 and 2 were omitted in Figure 2).
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Table 2: Sensitivity analysis to the value of dose rate

[mSv/h]

1
2
3
4
5
6
7
9
11
13
15

in steam generator
Total cost of option [SKK]

Deco +
2xPb

1 429 147
1 457 592
1 486 037
1 514482
1 542 926
1 571 371
1599 816a

2 275 171"
2 423 898a ;
2 572 624a:

2 72135t a ; !

Deco -f
1 xPb

1 337 485
1 372 828
1 408 171
1 443 513

1478 856*::

2 204 742
2 403 999
2 603 256
2 802 513
3 001 771

Deco

1 249 102
:;rl:29:l302a:';

::i"384;702a

2 085 102
2 220 302
2 355 502
2 625 902
2 896 302
3 166 702
3 437 102

2xPb

; 1 248 553a

1 992 185
2 735 818
4 500 418

5 473 642b'c

6446 867b>c

7 420 0 9 1 M

13 941 100b'c

< V - *«'•

I x P b

1 402 646
2 398 931
4 462 103
5 779 817°
7 097 53 T
10 446 417°

12O85 560 M

15 363 846blC

No protection

1 657 800
4 010 400
5 810 400°
9 513 000L

11 763 000c

14 013 000°

Optimum option
b) Not feasible option - numerous workforce required
c) Option leading to individual doses exceeding 20 mSv
(l) Not feasible option - individual doses exceeding 50 mSv

Figure 2: Results of sensitivity analysis to dose rate variation
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Results shown in Table 2 suggest that for dose rates of 5 mSv/h or higher solutions 1 to 3
are not feasible as they lead either to cumulative individual doses exceeding dose limits
(workers of contractor) or to enormous demands on workforce (over 30 workers of maintenance
assuming dose constraints raised to 2 mSv). Options leading to cumulative individual doses
(workers of contractor) higher than 20 mSv are also indicated. Even more important feature is
the fact that below dose rates of 7 mSv/h the optimum option changes depending on the value of
dose rate. These changes cover almost whole range of available radiation protection options -
from option with the most stringent level of protection to option with no decontamination.
Conducted sensitivity analysis showed clearly that no radiation protection option should be
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adopted before measurement of the actual dose rate. On the basis of these results the ALARA
committee decided not to make any firm decision concerning the level of radiation protection
until the steam generator is opened and values of dose rate are acquired. Consequently
measurements inside the steam generator 26 were carried out at the beginning of outage which
lead to decision to adopt appropriate option of radiation protection.

[1] INTERNATIONAL COMMISSION ON RADIOLOGICAL PROTECTION, 1990
Recommendations of the International Commission on Radiological Protection, ICRP
Publication 60, Annals of the ICRP 21 (1-3), ICRP, 1991.

[2] Vyhlaska MZ SR c. 12/2001 Z. z. o poziadavkach na zabezpe5enie radiacnej ochrany.
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