
Framework of the concept

The final disposal of radioactive waste is the subject of
debates, investigations, scientific evaluations and other de-
velopments among both domestic and international expert
opinion. There is accordance among many experts and with-
in international organisations that the protection of human
health and the environment — by providing parallel safety
conditions for sustainable development — can be achieved.
This statement is not necessarily accepted by a wider circle
of expert opinion due to the perceived lack of general knowl-
edge, different interests and different scales of value. The
views of the latter are on doubts. In this medium a conse-
quent and effective preparation for decision-making and ac-
tivity can only be established if, based on international expe-
riences and expectations, a coherent approach is represented
by the relevant authorities and respective parties not only in
quality principles, but in basic qualitative limits and metho-
dology questions as well.

The key question with respect to the disposal of radioac-
tive waste is “what type of waste to where?” In Hungary
questions related to the categorisation of waste regarding the
temporary and final disposal of radioactive waste (as well as
radiation health-related questions of naturally occurring ra-

dioactive materials concentrated during industrial activi-
ties) are regulated by the Decree 47/2003 ESZCSM of the
Ministry of Health, Social and Family Affairs. The latter
was published among the executive decrees of Law CXVI of
1996 on Atomic Energy and it is in accordance with the clas-
sification of the safety guidelines of the International Atom-
ic Energy Agency (IAEA 1994).

According to the IAEA guidelines the disposal of wastes
with sub-limit exemption characteristics can be realised at
communal or industrial waste disposal sites for short life-
time wastes of low- and intermediate-level radioactivity.
Such wastes should be disposed at surface or subsurface
sites, while high-level activity wastes and long lifetime
wastes of low- and intermediate-level radioactivity should
be placed in an underground repository.

According to the classification based on lifetime, the
term “short lifetime component” means that its half-life,
rounded to a total value, is 30 years or less. In the case of
high-level radioactive waste the value of heat development
originating from radioactive decay is higher than 2 kW/m3. 

The basic safety criterion during the final disposal of ra-
dioactive wastes can be formulated only on the basis of
dosage or risk values. By taking into account international
guidelines and experiences with regard to normal emissions
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Abstract

With respect to the disposal of radioactive waste the key question is: what type of waste to where? Regarding the final disposal of waste, the
basic safety criteria can only be formulated in values of dosage or risk level. Within the framework of the National Project the geological explo-
ration of the potential premises marked at Bátaapáti (Üveghuta) was started in 1996 parallel with the conceptual design of the layout and establish-
ment of the repository. This work was undertaken by ETV–Erőterv Co. and further expert institutes were subcontracted to assist in its fulfilment.
During the works completed in 2002–2003 various investigations were performed in order to prepare the ground-based geological exploration and
the preliminary environmental impact study.



from waste disposal the additional exposure dose of the real
or hypothetical critical group should not exceed the value of
0.1 mSv/year. This limit relates to both operational and after-
sealed phases.

The waste disposal system consists of the following three
components, jointly used for isolation purposes:

— the waste (packaging),
— the environment established by human beings for the

disposal of waste packages (space filling, water drainage,
sealing),

— the geological environment which, along with the
possible path of propagation of active isotopes, increases the
time until the human environment is reached.

According to IAEA (1996) instructions together the
three components should provide the required level of isola-
tion. Therefore the inappropriate effect of one component
can be compensated by the consolidation of other compo-
nents.

Storage concept

Within the framework of the National Project the geo-
logical exploration of the potential site marked at Bátaapáti
(Üveghuta) was started in 1996 parallel with the conceptual
design of layout and establishment of the waste disposal
repository. This work was undertaken by ETV–Erőterv Co.
and subcontracted to further expert institutes. The base ca-
pacity was calculated as follows: 30 years of operation at the
nuclear power plant during which 20,000 m3 of operational
and 20,000 m3 of decommissioning waste would be generat-
ed, conditioned and disposed of properly. The concept for
establishing a subsurface storage was first negotiated in
1996 (Calamites 1996).

Based on geological knowledge at that time experts sug-
gested a granodiorite host rock which was regarded as ho-
mogeneous both from rock-mechanical and hydrological
viewpoints. Such rock could be found east of Üveghuta be-
low 60 m thick loess and 10 m thick disintegrated granite.
They covered a hillside that was higher than 200 m.

The conceptual plan was made on the basis of informa-
tion mentioned in special literature (SKB 1994; TVO 1992)
for the subsurface final disposal sites made in granitoid
rocks for low- and intermediate-level radioactive waste es-
tablished in Forsmark (Sweden) and Olkiluoto (Finland).
Further information was gathered during visits to the sites in
Sweden and Finland.

The basic design of the horizontal expansion was found
to be 300×600 m. MÁFI (Geological Institute of Hungary)
designed and performed the site exploration by taking all the
available details into account, and also marked the preferred
site (Figure 1).

Parallel to continued geological explorations, the com-
parative investigation was also performed (Calamites
1998; ETV– Erőterv 1999) for the horizontal and vertical
alternatives of the subsurface repository. In order to judge
the feasibility of the preferred site the geological explo-

rations supervised by MÁFI were completed in summer
1998. The data and findings can be found in the report by
BALLA et al. (1998).

The conditioned waste was to be stored in barrels com-
ing from the four blocks of the Paks Nuclear Power Plant Co.
According to the existing concept, these were to be placed
into reinforced concrete containers in order to maintain re-
covery and transportability. The waste packages, making up
a gross volume of 7.85 m3, were to be transported to the sub-
surface repository disposed so that visual and instrumental
monitoring would be possible until the starts of final sealing
(Figures 2 and 3).

MÁFI proposed in the final report that detailed geologi-
cal site characterisation work should start at the Üveghuta
research area. This work would be the basis for licensing and
implementation. Exploration results were discussed in com-
petent professional forums and by a wide range of experts. In
May 1999 the Hungarian Atomic Energy Authority (OAH)
requested the Vienna headquarters of the IAEA to organise
international expert supervision of the exploration related to
the selection and feasibility of low- and intermediate-level
radioactive waste repository sites in Hungary. This was to
take place within the framework of the Waste Management
Assessment and Technical Review (WATRP) of the Agency.

Based on the examination of documents and profession-
al consultation with Hungarian experts, consultants of high
international standing were called upon by the IAEA.
Beside discussions on various other topics they made the
following statements concerning the concept of establishing
the storage (WATRP 2000):

“The Üveghuta site appears potentially suitable for de-
velopment of a safe repository disposal of low- and interme-
diate-level operational and decommissioning wastes from
nuclear power generation”.

On the basis of the available information related to the
geological condition of the site the work-group proposed the
following for the potential rock mass at Üveghuta: 

— use of the “design as you go” approach, and adjust-
ment of the design of the final storage to geological condi-
tions,

— preference to be given to “small tunnel excavation” as
opposed to driving bigger silos, furthermore

— consideration of the selection of different section
sizes for different zones of the facility, and adaptation to dif-
ferent types of waste.

Based on WATRP recommendations (WATRP 2000),
the expert opinion of the South Transdanubian Regional
Office of the Hungarian Geological Survey (MGSZ 1999)
and the MÁFI report (BALLA 2000), Erőterv prepared a pre-
liminary safety evaluation  in 2000 (BÉRCI, TAKÁCS 2000)
substantiating the explorations to be performed in 2002–
2005. 

Subsequent to ground-based geological explorations
completed in 2003 (BALLA et al. 2003) the actualisation of
layout plans of the storage became necessary; this was car-
ried out by taking into account the geological knowledge
recorded in the final report of the exploration.
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Figure 1. Outlines of the Bátapáti (Üveghuta) Site in 1997 and 2003
1 — final site marked in 2003, 2 — exploratory borehole and its code, 3 — exploratory trench and its code, 4 — preliminary site marked in 1997

1. ábra. A Bátaapáti (Üveghutai)-telephely 1997. és 2003. évi körvonala
1 — a 2003-ban kijelölt végleges telephely, 2 — kutatófúrás jele, 3 — kutatóárok és jele, 4 — az 1997-ben kijelölt előzetes telephely

Meteorological station



Methodological instructions of the IAEA (2002) include
various recommendations regarding the establishment of
underground repositories and these were taken into account
during the compilation of this plan alongside Finnish expert
opinions and practical experiences.

System elements

The system elements are the followings: size of the
repository area, placement applicability of the storage area,
optimisation and access capability of the location of the
repository area.

Size of the repository area

The “dimensioning base” refers to the expected cumulat-
ed average waste volume to be conditioned in barrels over a
period of 30 years. The distribution of these can be seen in
Table 1.

At present the storage of waste types is performed by 200
and 400 litre barrels with surface protection. The disposal
container shown in Figure 2 can store 9×200 or 5×400 litre
barrels. According to the layout shown in Figure 3, the pro-
posed semi-elliptic profile (with a 10 m base width and 9 m
height — approximately 72 m2), or the profile rounded by an
ellipse on the top with straight walls (7.5 m height — ap-
proximately 69 m2) can store 11 or 9 containers loaded onto
each other for a length of 2.3 m.

The total calculated active material stock, disposed with
full (containerised) recovery, would need an active cham-
ber length of 2000 m. The layout of the storing area was
worked out for this alternative (as shown in Figures 4 and 5)
which uses bunkers with one or two exits. Another method
for the selective placement of short lifetime and low-radia-
tion waste barrels is to load them directly onto pallets or
into bunkers with partial filling. In this case the respective
lengths of the active chamber requirement are 1635 m. 

In bunkers with a single exit the air through ventilation
is not ensured and therefore the ventilation of the bunkers

KÁROLY BÉRCI et al.522

Figure 2. Layout of the disposal container
2. ábra. Elhelyezési konténer vázlata

Figure 3. Section showing bunkers in appropriate for reclaimable 
storage

3. ábra. Tárolókamrák szelvénye visszanyerhető tárolás esetére
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Figure 4. Layout of repository area for bunkers with a single exit
4. ábra. Tárolótérség kialakítása egykijáratú tárolókamrák esetén

Table 1. The distribution of the expected cumulated average waste volume between package types 

Based on the investigation of the active material stock as at 30/06/2003 by ETV–Erőterv (BÉRCI, TAKÁCS 2003).



requires an air tunnel system (Figure 4). Conversely, bun-
kers with more than one exit require intake airways with
fresh air on both sides and need to have the same length as
that of the main entry. They are constructed by mining
methods (Figure 5). The applicable model can be selected
during the design of the working plan if the result of a de-
tailed safety and economy investigation is available.

Selectively, packaged wastes do not always fill bunkers
in natural number (e.g. Figure 4, 1c). A fragment space re-
quirement thus occurs and therefore it is necessary to calcu-
late with a reserve bunker area. Given the above, the hori-
zontal size of the storage can be characterised — in the case
of one-level placement — as having an area of 260×280 m.

Placement applicability 
of the storage area 

The storage concept was adjusted in June 2002 by the
results of ground-based exploration achieved up until that
time. These laid emphasis on the approach alternatives of
the subsurface area (BÉRCI 2002). Subsequent to a decision
concluded with the ETV–Erőterv a draft preliminary envi-
ronmental impact study (PEIS) was needed. In order to ac-
complish this, and as a base for design, the geological, tun-
nel drifting and cavity development experts and experts on
the safety evaluation of waste repositories, marked the ad-
ditional area to be attached to the original site (1997) in a
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Figure 5. Layout of repository area for bunkers with more than one exit
5. ábra. Tárolótérség kialakítása kétkijáratú tárolókamrák esetén



NW direction. This has a joint basic area of 0.87 km2, and
has as an irregular octogon shape with a level between +0
and +65 m (Figure 6). Within the total area of the facility
that is suitable from geological viewpoints, sections

around the 0 m level of Boreholes Üh–3, Üh–22, Üh–2,
Üh–23, Üh–27 and Üh–37 may be used as a basis for mark-
ing the rock volume capable of being used for establishing
a repository. Around the 0 m level the data from Boreholes
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Figure 6. Potential repository areas and development tunnels at the Bátaapáti (Üveghuta) Site
1 — Outline of the site during the ground-based exploration in 2002–2003, 2 — exploratory borehole, 3 — exploratory trench, 4 — outline of a potential storage 

areas, 5 — track of the planned inclines

6. ábra. A lehetséges tárolóterek és a feltáró vágatok a Bátaapáti (Üveghutai)-telephelyen
1 — a telephely körvonala a 2002–2003. évi felszíni kutatás nyomán, 2 — kutatófúrás, 3 — kutatóárok, 4 — lehetséges tárolóterek körvonala, 5 — a tervezett lejtaknák 

nyomvonala

Meteorological station



Üh–3 and Üh–22 seem to be merged (hereinafter: Southern
Object); this also appears to be the case with the data from
Boreholes Üh–2 and Üh–23 (hereinafter: Middle Object);
from Boreholes Üh–27 and Üh–37 (hereinafter: Northern
Object).

The summary of the results of the geological explo-
rations performed the MÁFI are contained in the final report
(BALLA et al. 2003). This states that the general geological
and hydrogeological conditions of the Bátaapáti (Üveghuta)
Site are unequivocally favourable for the final disposal of
low- and intermediate-level radioactive waste. With the em-
phasis of the conclusion the final report was approved by the
Transdanubian Hungarian Office of the Hungarian Geo-
logical Survey.

In order to determine the size of the repository chambers
(i.e. tunnel profile, pillar size) the available rock-physical
and rock-mechanical parameters were investigated. On the
basis of calculations relating of the rock-mechanical struc-
ture and the processing of RQD values, a conclusion was
made that the information available at present is not suffi-
cient to decide about the three potential objects. 

From the rock-mechanical viewpoint the Northern
Object seems to be the best, furthermore, it would require
the shortest access road — which is a very important cost
parameter. At the same time, from a hydrogeologic view-
point this object is not as favourable as the other two.
Therefore the location and access (development) of the
repository area were also investigated according to the
geometrical layout shown on Figures 4 and 5 (Calamites
2003). 

The optimisation and access 
capability of the 

location of the repository area

By examining the access (exploration) capability of the
planned repositories a conclusion was reached that, beside
the given landscape and environmental restrictions and re-
quirements, there is no more favourable alternative than a
double incline. Consequently, the coordinates of the mouth
of the inclines were fixed according to this judgment.
During the planning of the alignment of the incline it was at-
tempted to achieve any zone of the Northern Object by a
flexible turn and without any drift loss. One conventional
design for locating the repository areas can be seen in Figure
6, while the development of the suitable repository through
the exploration incline can be seen in Figures 8 and 9. The
closed section (inverted) layout and support for the first 100
m of the incline is justified by the expected fracture of the
subsurface layers and the overall support of the packing con-
ditions of the tunnel casing. The length of the section can be
shortened in accordance with the knowledge acquired about
the actual rock conditions (Figure 7). This type of section

can also be used at deeper levels when intersecting broken
zones, while for homogeneous rock conditions the open sec-
tion without an inversion can provide satisfactory safety
(Figure 8). During the finalisation of the profile of the in-
cline the requirements related to functionality and stability
have to be taken into account. 

Summary

After consideration of the recommendations of the
WATRP group (WATRP 2000) and the Preliminary safety
assessment (BÉRCI, TAKÁCS 2000) based on the expert opin-
ion of the Transdanubian Hungarian Regional Office of the
Hungarian Geological Survey (MGSZ 1999), the continua-
tion of the exploration of the proposed premises is now an
actuality. Furthermore, the interactive preparation of the in-
tegrated safety assessment and the initiation of conditions
for the environmental licensing are in the process of compi-
lation. The actualisation of the disposal concept for low-
and intermediate-level radioactive waste has the same ob-
jective.
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Figure 7. Section of the first 100 m of the haulage (Western) incline
7. ábra. A szállító (Ny-i) lejtősakna első 100 m-ének szelvénye

Figure 8. Section showing deeper sectors of the haulage (Western)
incline

8. ábra. A szállító (Ny-i) lejtősakna mélyebb szakaszainak szelvénye
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