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ABSTRACT

Approval of Environmental radiological monitoring program by the Nuclear Regulatory
Authority of the Slovak Republic was one of conditions to allow commencing of trial-
operation of Republic Radioactive Waste Repository, Mochovce (RRWR). This program is to
document the readiness and personal and technical capability of the operator to monitor the
potential environmental radiation impact of the repository, respectively, in time to identify the
possible environmental radioactivity level elevations due to the repository performance loss.
Part of the approved environmental monitoring program are the evaluated pre-operational
monitoring results (obtained in the period before commissioning of the repository) that serve
as statistical basis for evaluation of the environmental background radioactivity level
deviations in the RRWR’s normal operation period.

Apart from description of the mentioned pre-operational monitoring results, basic
information about the constructional design of the Mochovce RRWR and its engineered and
natural barriers are introduced as well. Derived reference levels using the mentioned pre-
operational results are also subject of  the paper.

1 INTRODUCTION

At the end of 1999, based on a request from the utility Slovak Electric (SE) Inc,
Bohunice-based affiliation Decommissioning of Nuclear Installations, Radioactive Waste and
Spent Fuel Management (SE-VYZ), an approval to bring into operation the National
Repository of Radwaste (repository) into trial operation was issued. The approval was given
by the Nuclear Regulatory Authority of the Slovak Republic (ÚJD SR) that is charged by the
right to issue such approvals according to the law of the National Council of SR on peaceful
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utilization of nuclear energy [1]. The National Radwaste Repository Mochovce is a disposal
facility of surface type. It is designed [2] to dispose ultimately treated and conditioned low-
and medium-level radwaste, generated during the operation of nuclear installations on Slovak
territory, as well as radwaste produced in the course of various activities in research
institutions, laboratories, hospitals, and other institutions – the so-called institutional waste.
The repository has been built approximately 1.5 km north-west from the site of the Mochovce
nuclear power plant at the end of a shallow valley called Husárska, drained by right-side
tributary „C“ of Telínsky stream.

Within the approval process, also the „Program of radiation control of the environment
around nuclear installation“ was reviewed and approved, by means of which the operator
demonstrated the preparedness to monitor radiological situation around the installation both
from the point of technical and personnel view. The radiation control (monitoring) includes
the control of drain, underground, and surface water, monitoring of soil, atmosphere and
selected elements in food chain, as well as monitoring (observation) of stability of reinforced
structures and of their sinking, and monitoring of erosive effects [4]. Monitoring around the
installation is carried out in three phases – pre-operational (it includes also the construction of
a monitoring system [2]), operational, and post-operational (after closing the repository).

A part of the „Program of radiation control“ for the vicinity of the repository is also a
result of pre-operational monitoring of radiation situation around the installation prior to its
commissioning which – together with the statistical methodologies provided - establishes a
basis for the evaluation of possible deviations in monitoring following the commissioning of
installation. For these purposes, statistical approach and methods presented in NUREG-1505
[5] have been used in the system.

The objective of this paper is to inform about basic constructional and safety
characteristics of the Mochovce repository and to describe the basic elements of the approved
“Program of radiation control” of its surrounding which was developed based on the data in
the Final Safety Analysis Report for the Mochovce repository [6].

2 CONSTRUCTION AND TECHNOLOGY CHARACTERISTICS OF THE
MOCHOVCE REPOSITORY

The repository consists of a sealing bath and of two double-rows of reinforced disposal
boxes. They are built in the northern part of the site and oriented in the direction east - west.
A single double-row consists of ten (2x5) units (width 37.25 m, length 132.2 m) separated by
insulation expansion slots. The expansion slots between the units have 50 mm in width.
Twenty disposal boxes are situated in a single row; four are in a single expansion unit. The
axial dimensions of the disposal boxes are 18 x 6 m, the internal dimensions are 17.4 x 5.4 m.
Walls have variable height, the average height is 5.5 m. Portal crane with 20 tons design load
is designed for manipulations with containers.

Densified clay with required properties (water permeability coefficient ≤ 10-9 m.s-1) is
used as a principle sealing element separating the repository from the environment around it.
The clay seal provides a “bath“ into which the repository is inserted. Below the repository, a
sand drain layer with the thickness of 0.6 m is provided, below which the bottom part of the
clay bath with the thickness of 1 m is built.

Radwaste will be inserted into the repository in fiber reinforced concrete 0.1 m thick
containers with the dimensions of 1.7 x 1.7 x 1.7 m. The internal volume of each disposal box
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is designed for 90 containers. By using fiber reinforced concrete containers as the ultimate
packing of treated and conditioned radwaste (manufactured based on a French license),
nuclear safety of the radwaste disposal system will be upgraded significantly. The protection
is provided mainly by system properties enabling to maintain its stability and integrity during
300 years as a minimum (which is the proposed time interval of institutional control of the
repository). The total mass of a single empty fiber reinforced concrete container is 4300 kgs.
The mass of a filled container is estimated 10 000 kg in average.

During the completion of the repository construction in the period 1996-1999, also other
measures for nuclear safety upgrading [3] were implemented, including coverage and
reconstruction of the drain system. In order to prevent infiltration of rainwater into the
repository, the first double-row was covered by a steel structure with the dimensions of 52 x
156 m. The height of the hall is 16.75 m.

The drain system consisting of the system of controlled and monitored drainage was
rebuilt such that it now provides better removal and control of drain water from the area of the
repository and its near-by surrounding. The basic outline of particular elements of the
repository is shown in Figure 1. Controlled and monitored drainage are designed to remove
water that could infiltrate into the repository (sand drainage layer in the boxes, or below the
repository). To control and monitor this water, concrete tunnels are built along each row of
disposal boxes making possible a controlled removal of water from each disposal box
separately, and also from the sand drainage layer below the repository. The drainage leads
into a double-bath with stainless steel plate cladding and is fixed in reinforced sumps, one
sump per each branch of the drainage. The tunnels are walk-through corridors, illuminated
and ventilated.

3 MONITORING SYSTEM, ITS OBJECTIVES AND SCOPE

The objective of monitoring is to reveal and evaluate early undesirable changes in the
parameters of repository stability (predominantly water presence in the disposal boxes) that
could result in long-term effects to infiltration of radionuclides into the environment and in
turn to cause exceeding of authorised dose limit for public. It is thus not an environmental
monitoring in the broadest sense, but a monitoring focused mainly on the observation of the
impact of particular activities (in the operational phase) or of objects on the environment.,
There is necessary to take into account in this line the relatively limited access of the
potentially releasable radionuclide on the terrestrial environmental components (only land
fields and forest close to the repository and fields irrigated by the affected surface water).

The scope of monitoring during repository operation is determined by requirements of
the legislation in effect, which can be summarized as follows:

� control of authorized limits specified for repository operation (mainly activity of drain
water),

� documentation of nuclear safety and barrier stability and of the affected environment
(underground water),

� documentation of radiation situation around the repository in the course of waste disposal,
� detection of non-acceptable release and migration of radionuclides in the environment

sufficiently in advance so that appropriate corrective measures could be taken
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The system of monitoring of radiological parameters is split into two main parts:

1. monitoring of drain, underground, and surface water and
2. monitoring of atmosphere, soil and food chains, while water and the associated hydro

sphere is considered as a decisive component of the environment by means of which
radionuclides can get from the repository into the surrounding environment.

Early warning against potential releases from the repository in the monitoring program
is achieved by a sufficiently frequent measurement and evaluation of 3H and gross β activity
in water samples from drain system, drill holes for underground water from individual
horizones, surface water from Telínsky brook and its tributary called "C" and the Čifáre pond.

In longer time intervals (once per year), samples are analyzed for the content of other
significant radionuclides in the environment (isotopes Cs, Sr, Pu, 3H 14C, 129I) in samples of:
joint evaporated parts from underground and surface water, bed sediments from Čifáre pool
and in tributary C and soil from the repository site and its surroundings.

The evaluation of monitoring results – To basic part of the monitoring program
belong statistical methods for natural background radioactivity variability evaluation and
demonstration of the repository performance by means of testing of statistical hypotheses.
The result of the evaluation and interpretation of the measured data in the monitoring program
during the operational period will thus be a statement on non-exceeding (or exceeding) of the
value of measured data above the appropriate background level. Interpretation of the results
has to be based on a statistical comparison of the measured value with a critical level of the
background derived from the dispersion of non-affected background data measured earlier. In
all these cases, variability in the background level of the monitored parameter reflecting time
and spatial inhomogeneities and uncertainties of the measurement of monitored parameter,
will play a decisive role.

4 BACKGROUND RADIOLOGICAL CHARACTERISTICS OF THE
REPOSITORY SITE

The radiological situation on the Mochovce site prior to commissioning of the
Mochovce plant and of the repository can be characterised by the following available
parameters: level of external radiation, occurrence of radionuclides (with emphasis on
artificial ones) in particular components of the environment: a) in ground-level atmospheric
layer, b) in soil, c) in underground and surface water, d) in feed-stuffs and in other gricultural
products (food).

4.1 Activity of radionuclides in particular components of the environment

The existing sets of radiological background parameters and quantities are not
equivalent each other and it is possible to differentiate them - according to the time view and
in relation to the evaluation of observation within the operational monitoring program of the
repository - in line with the following time classification:
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Data from the background radiological survey around the repository site from the period
1979-1982 and in 1991,

� Data from the pre-operational monitoring program period in the course of construction of
the repository launched by the Mochovce Laboratory for Radiological Control of the
Environment (LRKO) in 1992,

� Data from the pre-operational monitoring program period during the testing of the
monitoring system according to the monitoring project [4] in 1997 and 1998 and its trial
operation in 1999, performed by VÚJE Trnava and its subcontractors,

� Data from the operational monitoring program for background measurements following
the testing and take-over of the monitoring system into operation after 1999.

The unequal quality of the data results either from time evolution (long-term decay of
activity of artificial radionuclides in global fall-out, Chernobyl accident), but also from the
use of non-equivalent measurement methods (time evolution of devices, summary activity,
activity of radionuclides, their minimum detectable activity - MDA). Short characteristics of
particular sets are shown below where main emphasis is paid to the data from hydro-sphere
from 1991 (VÚJE) and to the results of statistical data evaluation based on LRKO Levice
monitoring results.

In this way extensive sets of data were generated that are available also in electronic
form (Excel). The statistical processing of the set of values characterizing the radiation
situation in the monitored components of the environment was focused mainly on the
evaluation and elimination of time trends and inhomogeneities in the sets of the parameters
monitored. In Table 1, the evaluated basic statistical parameters (average value, standard
error, number of items in a set) of the individual statistical sets of results of the monitoring
grouped according to the procedure mentioned above are shown. Based on the analysis done,
it is possible to state generally that the monitoring up to date and its statistical evaluation has
revealed no significant radiological anomalies.

4.2 Reference levels derived from the results of pre-operational monitoring

The most important decision while  interpreting the monitored data during the control of
repository surrounding is whether the controlled parameter meets the background criteria
specified in advance, or alternatively, whether any exceeding of the defined background level
has already occurred, e.g. in any of the monitored drill holes of underground water. The focus
objects of monitoring are drill holes of underground water and the focus parameter is the total
beta activity and the content of 3H in both drain and underground water. Here, it is necessary
to stress that the monitoring done by the operator during the first years of the repository
operation will be fluently connected with the monitoring prior to the repository
commissioning. These data sets and their statistical parameters will be considered to be as
decisive for interpretation of the monitoring results in relation to the repository operation
impact on its surroundings.

Background criteria are specified for directly measured quantities in relation to the
background data set, as certain maximum value of this distribution, Bc, and a value Bm
exceeding this background that comply with the two required conditions:
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1. the risk α that in case of a non increased background level, the measured value will get
above the critical background level Bc, or on other words, that the error α of type I will be
sufficiently low, e.g., α = 0,05, and

2. in the case when the monitored quantity is really increased and its actual level exceeds the
Bm value, the exceeding of the critical background value Bc recorded by the first
measurement will be confirmed also by the next repeated measurement with a sufficiently
high probability (1-β) which means that the error β of type II is also at a reasonably low
level e.g., β=0.05.

According to these conditions, the value of Bm in fact meet the well known probabilistic
definition of the detection limit of a measuring system (MDA) according to the Curie
approach [8], i.e. Bm = MDA, and Bc can be expressed as a certain α-quantile of the
distribution of background data, and if α = β, then Bm ≅ 2Bc.

In the monitoring program, also the reference levels for the evaluation of monitoring
results are derived based on the results of pre-operational monitoring: Recording level - with
regards to the character of expected data, all data 0obtained from the monitoring are recorded.
The results of the „less than“ type, such result of measurement is declared if the number of
impulses does not exceed the critical level of the number of impulses of the measurement
system in question. By means of methods of sequential statistics, even such data can help in
quantifying the background level close to the detection possibilities of the method applied.
Investigation level - As an investigation level, the above mentioned value was accepted of the
minimum detectable activity of the monitoring system MDA = Bm, derived according to
periodically updated statistical parameters of the background set for the repository.

The initial statistical parameters characterizing the appropriate background set prior to
the repository commissioning were used for the derivation of the appropriated reference levels
– critical background value ( 2skLC ⋅⋅= α ) and minimum detectable activity (MDA = Bm ≅
2LC). For the particular monitored parameters, the derived background reference levels are
summarized in Table 2.
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Figure 1 The outline of basic elements of the Mochovce repository
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Table 1 Statistical parameters of long-term background radioactivity on the site of
Mochovce repository according to LRKO measurements during
repository construction,
N –amount of measurements

Monitored
parameter

Unit N Average
X

Standard
error s

Drill holes of underground water – horizon H
3H Bq/l 69 6,4 1,5

40K Bq/l 54 0,14 0,06
90Sr Bq/l 23 0,024 0,012

Drill holes of underground water – horizon P 1 a 2
3H Bq/l 69 6,4 1,5

40K Bq/l 15 0,25 0,15
90Sr Bq/l 46 0,026 0,012

Tributary "C" (gutter)
3H Bq/l 80 6,4 1,5

40K Bq/l 31 0,13 0,043
90Sr Bq/l 34 0,031 0,009

Čifáre pool and Telínsky stream
3H Bq/l 80 6,6 1,5

40K Bq/l 60 0,27 0,1
90Sr Bq/l 60 0,029 0,007

Bed sediments- Čifáre pool, 0-10 cm
137Cs (1 Bq/kg 36 50 9,1
40K (1 Bq/kg 36 619 58

Soil – site, 0-5 cm
137Cs Bq/kg 55 0,95 0,5
40K Bq/kg 96 561 76

Dose rate, site – IC nGy/h 324 82 5,4
Dose rate, site – TLD nGy/h 286 75 6
(1 – Deviation for a single sampling point, space variability not accounted
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Table 2 List of parameters of reference levels for Mochovce repository monitoring
program

 N amount of measurement, LC(B)=X+1.65s√2, Bm = MDA=X+3.3s√2

Monitored
parameter

Units Amount
N

Average
X

Standard
error s

LC(B) MDA=Bm

Underground water - horizon H
Total beta volum. (2 Bq/l 21 0,29 0,17 0,69 1,08
Total beta mass(1 Bq/g 21 0,43 0,15 0,78 1,13

3H Bq/l 69 6,4 1,5 9,90 13,40
40K Bq/l 54 0,14 0,06 0,28 0,42

Underground water – horizon P 1, 2
Total beta volum. (2 Bq/l 15 0,3 0,25 0,88 1,47
Total beta mass(1 Bq/g 15 0,55 0,4 1,48 2,42

3H Bq/l 69 6,4 1,5 9,90 13,40
40K Bq/l 15 0,25 0,15 0,60 0,95

Surface water, Drain water, Rain water
Tributary "C"
Total beta volum. (2 Bq/l 31 0,16 0,011 0,19 0,21

3H Bq/l 80 6,4 1,5 9,90 13,40
40K Bq/l 31 0,13 0,043 0,23 0,33
90Sr Bq/l 34 0,031 0,009 0,05 0,07

Čifáre pool and Telínsky stream
Total beta volum. (2 Bq/l 60 0,33 0,13 0,63 0,94

3H Bq/l 80 6,6 1,5 10,10 13,60
40K Bq/l 60 0,27 0,1 0,50 0,74
90Sr Bq/l 60 0,029 0,007 0,05 0,06

Bed sediments- Čifáre pool, 0-10 cm
137Cs Bq/kg 36 50 9,1 71,23 92,47

Soil – site, 0-5 cm
137Cs Bq/kg 55 0,95 0,5 2,12 3,28

Dose rates on repository site
Dose rate, site nGy/h 324 82 5,4 94,60 107,20
Dose rate– TLD, site nGy/h 286 75 6 89,00 103,00

(1 – According to VÚJE data from 1991
 (2 – Estimated according to 40K (70 %)
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