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Abstract

The most of radiation protection measures should use the ALARA principles (As
Low As Reasonably Achievable). It is often forgotten that the important part of the
principle is reasonably achievable. Specialists usually do not use the assessment of the
economical effectiveness. This assessment should be performed first. The difficulty of
effectiveness assessment is related to the absence of expression risk cost in the Ukraine
and most European countries. But Great Britain has established the marginal cost
of radiation protection measures. We would like to propound a new model for the
definition of effectiveness of radiation protection measures related to dose limits, risk
assessments and purchasing power parity rate.

A new approach proposed for setting control and administrative-technical levels
that characterize the state of radiation safety, and for preparation of reporting in
providing measurement data that is close to the minimum-detectable activity.
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1 Risk

The process of the risk legal regulation should be divided into two independent parts - risk
assessment and risk management. This kind of approach is used in the USA legal system.

We need to define two primary terms - negligible risk and maximum risk for using the
risk term in the legal system. The first one is also known as de minimis risk (from Latin De
minimis non curat lex), the second one is called de manifestis risk.

As a rule, de minimis risk can not be reliably defined against other risks, and that is a
border for limitation continuously reduction of risk. De manifestis risk is between zones of
maximum permissible risk and impermissible risk. If we are in this zone, we should eliminate
or reduce this risk [1].

There are two kinds of risk, which can be used for assessing: social risk and individual
risk.

The term social risk is used when specialists assess the probability of an accident in
producing. This kind of risk is related with cases of injury or death of people, and is
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used for determination of harmful and dangerous factors, such as the ionization radiation.
The concept of risk of dose (contaminant) is introduced to estimate the effect of harmful
substances or factors. The risk is defined by both the dose of harmful factors expressed
in quantitative terms and multiplier (risk factor) which determines the risk per unit dose
harmful factor. This approach allows to determine probability of increasing morbidity or
mortality in researched population.

Individual risk is the probability of death defined for the whole statistical life or for one
year. Individual de minimus risks are identified by the U.S. government as 106 for 70 years
of life. In other words, increasing the probability of death by one millionth over the 70 years
is considered to be negligible. In Europe, like in Russia, de minimus risk is equal to 106 per
year.

As it is mentioned above, it is very difficult to identify de minimus risk in practice .
Therefore an intermediate value of acceptable risk that exceeds the de minimus risk level
by several orders is used in practice. In the United States the top value of acceptable risk
equal to 10−3 is used for the research of exposure to carcinogens . In accordance to the
regulations of the U.S. Environmental Protection Agency, individual risk is acceptable in
the range 10−4..10−6. The value of the individual risk from ionizing radiation, established by
the International Commission of Radiological Protection (ICRP) is 4·10−3 per 70 years. Also
the U.S. Nuclear Regulatory Commission has established the permissible limit of residual
dose after decontamination equal 250 mSv a year, which corresponds to the increase risk of
death from cancer for 5 · 10−4 in 70 years.

Ashby criteria are used to determine acceptability of risks in the UK . They are listed at
table 1.

It should be noted that there is a clear relationship between the magnitude of the risk
and the cost of its declining. The smaller risk is, the higher cost for risk removal or reduction
is needed .

According to ICRP Publication 60 any small dose of ionizing radiation can lead to neg-
ative consequences. In accordance to this interpretation, it is very difficult to determine the
cost-effectiveness implementation of various measures. From the economical point of view,
such concept , also known as the concept of zero risk, is untenable because entirely unrealistic
costs would be required to achieve zero risk.

One of the ways of expressing the risk is proposed in 1996 by [2]:

• the number of deaths per million population;

• the number of deaths per million population within a certain radius area centered at
the source of the dangerous effects;

• the number of deaths per unit of hazard in the environment;

• the number of deaths caused by the operation of the facility;

• the number of deaths per unit of hazard, In the bodies of persons;

• the number of deaths per million units produced dangerous enterprise products;

• deaths per one million dollars worth of produced materials;
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• reduction in life expectancy due to certain risks (loss of life expectancy, LLE).

Last sentence seems being preferable for using in practice because it is very visual. The
method of calculating the LLE, proposed by B. Cohen, is based on the usage of detailed
statistics. To illustrate the value of LLE in table 2 the results of the analysis made by B.
Cohen in the U.S.

2 The cost of saving a statistical life

In accordance to the NRBU [3] the concepts of multivariate risk and related harm should be
used to optimize the radiation protection of nuclear facilities.

The monetary value of risk, which is determined by the gross national income per resident
(economic component) and compensation for the psychological perception of risk (psycho-
logical or social) should be applied in the optimization procedure. The methodological basis
of the optimization procedure was presented in ICRP Publication 37. Appropriate method-
ologies should be considered by special normative documents of the Ministry of Health, but
they are not used in the nuclear industry of Ukraine.

Despite the fact that many of philosophical and ethical teachings are based on the princi-
ple of human life is priceless this approach a priori makes it impossible to determine economic
feasibility and effectiveness of the work ,which is performed.

Currently in Ukraine there is no any established methodology for determining the eco-
nomical appropriateness of various anti-radiation measures for reducing doses to the plant
staff.

At the beginning of the research, the author used a linear model for determining the
value of saving statistical life (VSL) where the life-threatening dose and normalized insurance
payment established by the Moscow Bar Association at the death of a patient or an employee
from exposure was taken as the starting point. This model is very simplified although
applicable for nuclear power plants.

There are currently formed following concepts and definitions VSL:

• identification of VSL to the theory of human capital (human capital approach);

• indirect evaluation with non-monetary social cost;

• assessment of preparedness of individuals to pay for the elimination of the risk of death;

• assessment based on the determination of insurance premiums and compensation by
the court;

• assessment of investment the society aimed to reduce the risk of premature death of
an individual.

The first four positions have a number of disadvantages, including discrimination based
on age and social status, lack of life-saving and so on. In 1993 T. Tenge performed the
statistical analysis of medical costs for the saving of a statistical life. The analysis showed
that the median VSL is equal to 19 thousand dollars. On the other hand T. Tenge cites the
evidence that the control of ionizing radiation in uranium mines involves cost of saving a
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statistical life from 79 thousand to 3.9 million dollars. The statistical analysis showed that
the cost of SSL of various activities is from 350 thousand dollars (by reducing occupational
diseases) till 4.2 million dollars. We can see that VSL depends on the risks in a particular
field. Obviously the proposed approach also has some disadvantages, but probably it, is the
most applicable one of the listed approaches.

3 The radiation protection optimization

The Bulletin 5/6 Volume 22 of the International Atomic Energy Agency (IAEA) [4] proposed
to use the term cost of health damage instead of using the concept of VSL. This does not
change the basic principles of the calculation. Like before when formulating guideline for
radiation protection optimization the collective effective dose is used. However, in accor-
dance to the recommendations of ICRP Publication 103 [5], the calculation of the collective
effective dose should consider the number of exposed persons, their age and gender, a range
of individual doses and dose distribution during the time. The question of the threshold
below which the individual dose should not be taken into account in the calculation of the
collective dose is particularly important. The risk factors are absent because of the enormous
uncertainties (B 336) [6] in the range of very low doses.

Thus, the cost of health damage is proposed to determine in the following way

Y = f · α · SE + β ·
∑

(Ni · F (Hi)) (1)

where f - correction factor, α - constant that determines the value of a unit of collective
effective dose, β - cost ratio to compensate for harm from radiation, Hi - average equivalent
dose of an individual in a group of Ni individuals with the weighting factors, SE - the
collective effective dose, defined as

SE = HE ·N

where HE - average effective individual dose, N - the number of exposed persons.
Obviously, the second part of the equation (1) which determines the compensation or

other costs determined by the policies of states and is not required for use, while the first
one should be common to the world community.

β coefficient in equation (1) according to the theory of economics should also consider
the duration of the anti-radiation measures adjusted for inflation and the likelihood of their
cost increased.

Taking into consideration the fact that the risk factors are different for different human
organs and, as a rule, the whole body dosimeters are used, as a rule, it is reasonable to use the
average risk factor which takes into account both the possibility of a deadly disease and the
possibility of genetic mutations in the next two generations. According to ICRP Publication
103 [5] the nominal rate of the probability of stochastic effects (fatal and non-fatal cancers,
severe hereditary defects in offspring) R is 4.2 · 10−2Sv−1 irradiated adult workers [5].

If we consider B - net income, V - total profit, P - base cost of production, excluding
protection, X - the cost of achieving the chosen level of protection, the problem of radiation
protection optimization is reduced to solving a differential equation
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If the constants V and P are defined, the condition for the optimal protection can be
written as

dX

dS
= −dY

dS
= −α (3)

which corresponds to the S0 in Figure 1.
If the optimization function is not continuous at some range, we can use the condition

XB −XA

SA − SB

< α

in the practice of radiation protection in the transition from the protection level A to level
B.

Different organizations both the U.S. and Europe have tried to determine VSL for the
nuclear industry several times. As a result, the EC DG Environment (European Union,
2001) provided estimates of VSL for the UK in a range from 0.6 to 2.2 million dollars. It
is clear, the usage of such values in the realities of life is not possible due to significant
differences in living standards.

We can assume that the standard of living (and thus, VSL) is correlated with the coun-
trys purchasing power parity (PPP Rate) which is the completely determined value. Thus,
according to the CIA, in 2005 PPP in Ukraine is amounted to 321.2 billion U.S. dollars, and
for the UK - 1.867 · 1012 U.S. dollars. Thus, the relationship between these values is 5.81.
In this case we can assume that VSL for Ukraine is from 103 to 379 thousand dollars. To
convert VSL to the unit value ratio of the collective dose (using the value of the nominal
rate of stochastic effects probability) we obtain

α = V SL ·R

or, in terms of numbers, from 92 to 338 dollars./pers.Sv, with the 47-year-old (18 - 65 years)
of occupational exposure[6].

It is obvious, you should use the resulting range of values (Fig. 1) instead of the constant
α in (1) and (3) which characterizes the slope of the Y .

However there is an opinion [6] that its value as VSL much lower in the case of voluntary
risk. We can assume that it is acceptable to use the voluntary compensation [3], under the
laws, in order to assess the value risk, despite the fact that exposure to 100 mSv over five
years, according to the assumptions of the developers NRBU-97 [3] and the ICRP Publication
103 [5] can not lead to stochastic (non-threshold) or, especially, to deterministic (tissue or
somatic) effects. Probably compensation is aimed to compensate the psychological impact
associated with emotional stress at work in the fields of the potential or actual ionizing
radiation, and can be included into the second summand of equation (1).

As for the linear range for the expression of the cost of damage to health it should
be noted that some of researchers [6] believe that the relationship on the value of VSL and
radiation risk, particularly in the area of stochastic effects, is non-linear, and requires further
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study (Fig. 2). The ICRP Publication 103 (A 173, A 174) [5] and [7] recommends to use
a linear dose-risk relationship and, accordingly, VSL-risk relationship for no-threshold dose
range effects.

4 Principles of radiation impact limitation

In accordance to the radiation safety standards of Ukraine (NRBU-97) [3] the reference
levels (RL) are established for the purpose of fixing the achieved level of radiation safety
in this radiation-nuclear facility and the environment [3]. According to the requirements
OSPU-2005 [8], RL should be reviewed no less than once every five years. Currently the
level of radiation safety at nuclear power plants in Ukraine is at a high level. The values
of water discharge (hereinafter - the discharges) and gas-aerosol emissions (hereinafter - the
emissions) of radioactive substances, calculating based on the dose of the population, are
approaching the minimum-measured quantities. In this case the current approach to the
definition of RL does not fully conform to the quality standards which lead to the waste of
resources during revisions of current levels. The implementation of measures to eliminate
variations is not always necessary from the point of view of statistical oscillation process.

The current approach to setting reference levels is statistical data processing (emissions
and discharges of radioactive substances) for the previous five years of plant operation.
Statistical processing is performed in accordance with the guidelines of the State Enterprise
National Nuclear Energy Generating Company Energoatom (NAEC) [9]. According to this
document the current values may be exceed the set limit every five years.

Since the quantities of emissions and discharges from nuclear power plants in Ukraine
are at very low levels (a percent from allowable discharge levels and a about 0.1 percent
of allowable emissions levels) it is important to define the criteria for action to changing
the trend of the magnitude of emissions and discharges to prevent undue influence on the
system, and to establish the need for and feasibility of changing RL emissions and discharges
of radioactive substances over time.

The approach to the determination of RL [9] does not satisfy the requirements of the
quality system DSTU ISO 9001:2009 [10] completely, does not involve the usage of a process
approach the environmental management system, as provided in DSTU ISO 14001:2006
[11] and system of statistical methods DSTU ISO/TR 10017:2005 [12] and the DSTU ISO
11462-1:2006 [13].

The purpose of this study is to define the criteria to optimize the RL for Ukrainian NPPs
and optimal frequency of RL revision, definition of controllable factors, the assessment of
uncertainty in the usage of minimally detectable and minimal measurable activity (MDA
and MMA). The international standards in the field of quality and statistical data process-
ing such as a free statistical software R [14], and special library for Python programming
language,were widely used in the work.
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4.1 The analysis of emissions and discharges of nuclear power
plants

To determine the variability of process emissions and discharges of radioactive substances we
propose to use the Shewhart control charts (SCC), described in detail in the standard ISO
8258-91 [15], and a package qcc (Quality Control Charts) [16] for the software R [14]. As it
is stated in [15] the theory of control charts distinguishes between two types of variability.

The first type, the variability due to the random (common) causes, is the variability for
different reasons that are present all the time, which are not easy or impossible to detect.
Each of these reasons is a very small fraction of the total variability and none of them is
significant by itself. However, the sum of these factors is measurable and it is assumed
that this amount characterizes the variability inherent in the process. The elimination or
reduction of the influence of the usual reasons requires management decisions and resource
allocation to improve the process and the system.

The second type is some real changes in the process. They can be caused by arouse of
reasons not inherent in the internal and can be eliminated, at least in theory. These causes
are identified as non-random or special reasons for the change. These may include lack of
uniformity of the process, lack of qualified staff, poor performance of procedures, etc.

The purpose of control charts is to detect unnatural changes in the data from the iterative
process and provide criteria for detecting the absence of statistical control. The process is
statistical controlled if volatility is caused only by accidental causes. For determination of
the acceptable level of variability any deviation should be considered as the result of specific
causes which should be identified, eliminated or reduced.

The problem of statistical process control is ensuring and maintaining processes at an
acceptable and stable level to guarantee compliance of emissions and discharges of require-
ments. The main statistical tool used for this is Shewhart control chart which is a graphical
way to view and compare the information based on the series of samples that reflect the cur-
rent state of the process with the boundaries fixed by the inherent variability of the process.
The method of control charts can help to determine whether the process has reached the
statistical control at the correct set level or remains in this state and then lets us manage
and maintain a high degree of homogeneity of the most important characteristics of the pro-
cess by means of continuous (periodic) records information about the quality of the process.
The usage of control charts and their careful analysis leads to better understanding and
improving processes.

Let us make the analysis using the SCC of monthly NPP emissions from 2002 to 2011.
The measured values of radionuclide activity are used for the construction of control charts
including the cases where the values are less than the MDA (a feature of the analysis is
explained below).

Below fig.3 - fig.5 there are the results of the working package qcc for radionuclide Cr-51
and Mn-54.

The control limits on the map Shewhart are within ±3σ of the center line, where σ -
standard deviation of the general use of statistics. The variability within the subgroups is
a measure of random variation. To obtain an estimate the standard deviation is calculated
or selective range is multiplied to the appropriate factor. This measure does not include
cross-group variations and only evaluates the variation within subgroups. ±3σ boundaries

7



indicate that about 99.7% of the value of the characteristic subgroups fall into this range,
provided that the process is in statistical control. In other words, there is a risk of 0.3% (or
an average of three cases per thousand), that the point will be situated outside the control
limits when the process is stable. We use the word approximately because the deviations
from assumptions such as the type of data distribution will affect the probability values.

The appointment of Management System is to provide a statistical signal about the
presence of special (non-random) causes of variations. The systematic elimination of special
causes of excess variations leads the process to the condition of statistical control. When
the process is in the condition of statistical control the product quality is predictable and
process is suitable to the requirements established in the regulations.

Analysis of Fig. 3 shows that the emissions of chromium-51 in 2002 were in the field
of statistical control of the process and does not require any administrator intervention. In
Fig. 5, characterizing the emissions of manganese-54 in the same period of time we see that
since 2002 to 2004 the process was out of statistical control zone but has now returned to a
responsive state and does not require actions.

The important point is the determination of the values of the control limits. If only one
set control limits on either side of the established values (which is important for the study
of the situation above), its value is determined by the software or is calculated based on
[15]. Thus, for the emission of the isotope Cr-51 from 2002 to 2010 upper control limit for
the monthly release is 4085 kBq/month, and the lower - 88 kBq/month. For comparison,
the current reference level for discharge of Cr-51 is 31 000 kBq/month. Apparent that the
RL in principle not performing its function of fixing the achieved level of radiation safety at
theradiation-nuclear site [3] as it is unattainable.

Based on this, it is appropriate to use the SCC in automatic (for example, using the
statistical package R [14] service qcc [16]) or manually for the rapid assessment of radiation
safety of the emissions and discharges of radioactive substances from nuclear power plant,
in accordance with national and international quality standards. SCC may be used both for
the daily monitoring of radionuclides (verifying emissions of radioactive inert gases - IRG,
long-lived nuclides - LLN, iodine in all forms) and for nuclides monthly, quarterly, and other
periods of controls.

Commissioning the new database (DB), developed by the author, to assess the sources
of emissions in the laboratory of external radiation monitoring will enable the database
to automatically determine the statistical stability of the process and implements quality
control to a new level.

SCC will allow to respond to the loss of stability of the statistical data, identify and correct
violations of the process promptly without spending any additional efforts to eliminate non-
existent (statistical) abnormalities.

Due to the fact that the normative documentation [3],[8] requires the appointment of
RL for different objects or processes it may be advisable to install RL equal to 70% of
current permissible levels of discharges and emissions, but it is necessary to use SCC at
the object level or nuclear power in general for operational control. This can significantly
increase manageability through the implementation of quality control and analysis, reduce
the costs of reviewing corporate governance. Some of the operational control functions at
the plant are performed by the administrative-technological levels (ATL) [17], but the order
of their appointment and interpretation does not meet quality standards either. We should
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not forget that at this time, as it is shown above, the RL do not perform their function, but
the abolition of RL, probably due to administrative reasons, will be difficult.

Table 3 shows the calculated values of the upper control limit for controlled radionuclides
and their attitude to the RL. As the table shows the current RL on average on 80% higher
than necessary to control the process variables. A-TL offered only for a limited group of
nuclides and just like RL did not meet the stated objectives of operational control for IRG
and iodine isotopes.

And do not forget about the different levels of control. So, if RL is exceeded more than
on 20% (but not exceeded the accessible level) the the investigation commission starts to
work, including the Health Ministry experts (if necessary) (p.14.6.3 [8]).

If the RL is exceeded more than five times and (or) is exceeded the permissible level then
the investigation commission starts to work immediately with the participation of Health
Ministry experts (p.14.6.14 [8]) and (according to [18]) with the Ministry of Energy and Coal
Industry experts and with State Inspectorate for Nuclear Regulation experts.

This level of control may contribute to a situation where the operating organization set
deliberately inflated control levels for the radiation parameters, which, in turn, deprives such
control the aim specified in paragraph 14.6.6 OSPU [8]. Using the local levels based on the
upper control limit (UCL) will allow a plant to react to deviations in the process. In this case
it is advisable to carry out the investigation of the incident including personnel of the nuclear
power plant, which witnessed the incident, as it is required by international guidelines on
quality.

4.2 The problems of MMA and MDA definition and using

According to [19], the minimum measured activity (MMA) is the minimum specific activity
of radionuclide that can be measured by the instrument in the counting sample over time
with an error not greater than a given and a confidence level of 0.95. Russian standards [20]
define the MMA as the activity of the radionuclide in the counting sample that is measured
over time 1 h and relative random (statistical) error of the measurement result is 50% with
a confidence level of P = 0.95.

A common characteristic that determines the accuracy of the measurements of the activ-
ity, for example, for the scintillation spectrometer, is a range of uncertainty of the measured
value Ameas − U− . . . Ameas + U+, where U - the uncertainty. The width of this interval is
defined in such a way that the true value of the activity was in it with the probability of
95% [21].

The concept of minimum detectable activity (MDA) is a characteristic of each individual
measure and is calculated for a confidence level of 0.9 (the probability of error in one direction
is 5%). The minimum measurable activity is a characteristic of the measuring equipment
and is calculated on the basis of P = 0.95 (probability of error to one side is 2.5%).

In the case where this is required by the measurement protocol rules ,one should prob-
ably specify the value of the minimum detectable activity calculated for the conditions of
measurement, but not the value of the MMA as the installation characteristics.

If the number is less than or comparable to the activity of the value of own uncertainty
the value can be calculated as MDA = 1.65 ·U , where U - the uncertainty calculated by the
processing of the spectrum.
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Currently, the regulatory documents for the preparation of reports [22] require to specify
a value equal a half the MMA and complement the record by mark ”<” for cases when the
measured activity of the sample is less than MMA . This record misleads not only the public
which can access the data on the status of radiation safety in accordance with the Law on
information, but also specialists for whom record ”< 6.5E + 01 kBq/quarter” (eg, Sr-89
in emissions units) is not very informative because it does not indicate the boundaries of
the measured value with the established probability and uncertainty. In addition, the only
digital value does not allow to use the data in the quality management system, making it
difficult to compare the values measured with a variety of errors and probabilities. And the
use in the reports (according to [22]) the summation of the quantities with values less than
MMA as values equal to half of the MSA leads to a situation where nuclide actually almost
never detected(eg, Fe-59), demonstrated as significant one.

Probably the most appropriate solution can be used in all reporting documents of the
measured values in the format ”Activity ± measurement error (P = 0, 95)” for the case
when the measured value is greater than the MDA, otherwise ”< MDA(MDA = XX)” [22]
- [23]. Determination of MDA and the activity measurement error is described in detail in
[23].

To search for a specific reason using the Shewhart cards in the analysis process, however,
the most appropriate is to use actual measured values, even in cases where the value is below
the MDA.

5 Conclusions

Currently developed acceptable risk assessment system based on the dose, but the linear
dependence VSL from risk, as well as the risk of dependence from the dose (in the range of
stochastic effects) requires serious justification or review.

Proposed system of economic efficiency assessment for radiation protection measures
can determine the feasibility of their implementation. However, the system must take into
account other than an immediate effect, for example, reducing the power dose of radiation
fields and effects of possible changes in the volume of radioactive waste and the reduction of
personnel exposure in the derivation of equipment out of service.

The proposed methodology VSL estimates for Ukraine is likely to need improvement and
further refinement. The currently used standards in the field of radiation safety [3] require
a review and align with the best practices of radiation protection [?].

Currently used methods of setting reference levels and administrative-technological levels
for parameters characterizing the state of the radiation safety of the facility do not fully meet
the stated objectives of prompt detection of deviations and maintain their standard. The
solution can be a conversion of the A-TU levels to the levels defined by Shewhart control
charts. In this case the reference levels can be set to a value of 70% from allowable levels
and will automatically change with the revision of the latter.

Frequency of revising the permissible and reference levels should not be set declaratively
(every three years) but should be correspond to the major changes of the process technology.
In the absence of changes in technology and population, hydrogeological and meteorological
conditions in the region revision are acceptable and reference levels are not appropriate. In
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the construction of SCC charts the values should be used even if they are less than MDA.
This approach is associated with features of statistical data and should not affect to the
accuracy and correctness of the result.

In the preparation of records and measurement protocols specialists should indicate the
measured value, indicating the measurement error. If the measured value is less than the
MDA, they should record ”< MDA(MDA = XXX)”. In the summation of data, containing
a value less than the MDA, the last ones should not to be used because the probability of
their definition is too small. The sum of the nuclides activity can be recorded, for example,
in the form of ”XXX ±XX(< MDA−XX values for which the averageMDA −XX)”.
The average MDA may be determined as the arithmetic mean value.

Currently OP SEC NAEC Energoatom with specialists UAB Institute of Radiation Pro-
tection ATS Ukraine performed revision of the standard (guidelines) to set target levels of
radiation parameters. The author hopes that the considerations in this article may be useful
in revising the title of the standard.
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Tables

Table 1: The Ashby criteria

Rank Probability of one fatal accident per year Acceptability
1 10−3 Unacceptably
2 10−4 Acceptable in the special conditions
3 10−5 Need to justification the acceptability
4 10−6 Acceptable without limitation

Table 2: The loss of life expectancy

Risk factor LLE, days
Radon in indoor 35

Working with chemicals 30
Regular work with radiation 25

The impoverishment of the ozone layer in the stratosphere 22
Pesticides in food 12

Indoor Air Pollution 10
Toxic waste dump 2.5

Contamination of drinking water 1.3
Living near a nuclear power plant 0.4
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Table 3: The upper control limit (calculated), control and administrative-technological levels,
and their ratio. Blank cells indicate the absence of established values.

Nuclides Units RL-2009 UCL UCL/RL,% ATL UCL/ATL,%
IRG GBq/day 1.3E+03 1.7E+02 13% 8.0E+02 21%
LLI kBq/day 5.3E+03 1.3E+03 25% 1.5E+03 87%

iodine kBq/day 1.6E+05 2.1E+03 1% 1.0E+04 21%
Cr-51 kBq/month 3.1E+04 4.0E+03 13%
Mn-54 kBq/month 4.2E+03 8.2E+02 19%
Fe-59 kBq/month 2.2E+03 5.3E+02 24%
Co-58 kBq/month 6.9E+03 1.1E+03 16%
Co-60 kBq/month 1.1E+04 2.9E+03 27% 4.0E+03 73%
Zr-95 kBq/month 4.8E+03 8.0E+02 17%
Nb-95 kBq/month 7.8E+03 1.1E+03 14%

Ag-110m kBq/month 2.5E+03 8.0E+02 32%
Cs-134 kBq/month 1.1E+04 2.2E+03 20%
Cs-137 kBq/month 1.3E+04 3.2E+03 24% 4.0E+03 79%
Sr-89 kBq/quart 1.4E+04 3.7E+03 26%
Sr-90 kBq/quart 1.1E+03 3.3E+02 30%

Figures
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Figure 1: Cost of Radiation Protection

Figure 2: Dependence VSSL of Risk
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Figure 3: Chart for Cr-51

Figure 4: Capability Analysis for Cr-51

16



Figure 5: Chart for Mn-54
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