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An underground repository constructed using mining techniques has got more volume by one order of magnitude than the waste to 
be finally disposed of. Depending on the dimensions of the rock body with good sealing properties in which the underground workings 
will be cut, the layout of the storage area may be horizontal or vertical. The basic version of a horizontal layout repository comprises 
large sized tunnels excavated by self-advancing machinery and hauling vehicles through inclined shafts. The vertical layout may be con
structed with storage chambers arranged at several depth levels or with vertical storage chambers (silos) that require vertical shafts and 
rail guided underground haulage. The comparison of different repository layouts, access alternatives and their combinations revealed 
important differences in construction, technical solutions of operation, environmental impact, safety and cost.

1. Introduction

For final disposal of low- and intermediate-level radioac
tive waste, the Üveghuta region of Bâtaapâti, Tolna County 
was designated the candidate area in 1996. Besides the geo
logical exploration of the site, the conceptual planning of 
the repository layout and construction was also started 
(Calamites 1996). On the basis of the previously accepted 
conditions, a 4-5 km2 area was outlined at the hilltop east of 
Üveghuta.

The basic function of the repository is to isolate the 
short-lived radionuclides (Tl/2 < 30 years) from public con
tact whilst decaying to a radiation level that is only a frac
tion of the natural background radiation level. This period 
is predicted to be 300-500 years on the basis of the present 
activity level of Paks Nuclear Power Plant waste.

The whole disposal system shall provide the necessary 
protection against the release and spread of radionuclides 
to the environment. The disposal system comprises the waste 
forms and the packaging, the engineered objects and bulk
heads hosting the packages, and such geological, hydrogeo
logical and other environmental conditions that may influ
ence the transfer of the radionuclides into humans.

§ ( 1 ) Section 1 of the Mining Law defines the under
ground part of the waste repository as an “underground 
area for non-mining activity”. Therefore, the construction, 
use and closing down of the underground waste repository, 
together with its functionally connected surface facilities 
fall within the specific regulations for radioactive waste dis
posal and the regulations of the Mining Law, Decrees for 
the Mining Law, the General Mining Safety Regulations

(ABBSZ), and so it may take place only after the approval 
of the competent Mining Authority.

In the first study plan (Calamites 1996) optimal techni
cal solutions of mining construction and operation were 
outlined assuming that the -200 m (above sea level) part of 
the hilltop area consisted of massive and solid granite rock 
with uniform rock-mechanical properties, and together 
with the overburden rock, being thicker than 100 m, the 
geological barrier would allow the safe disposal of the waste.

Since the ca. +170 m (above sea level) part of the val
leys surrounding the hilltop, at a distance of 1 km from res
idential buildings, offered a suitable place to locate the sur
face facilities of the repository, two inclined shafts would 
provide the optimal solution in developing the under
ground repository, accessing the rock from the surface, 
allowing the haulage and applying ventilation. Based on 
hydrogeological considerations there was concern that the 
ascendant water flow might easily reach the surface and 
the biosphere through the fractured rock surrounding the 
inclined shafts; thus the safety of the repository would be 
complete should vertical shafts sunk from the hilltop con
nect the underground repository with the surface.

Building a horizontal network of storage chambers in 
the form of large size tunnels would mean an optimal solu
tion only from a mining point of view, which would not 
endanger the safety of waste disposal if the underground 
repository was not intersected by fracture zones.

If fracture zones confine the host rock, and the vertical 
dimension of homogenous blocks is greater than the hori
zontal one, it is more practical to select a vertical arrange
ment for the repository instead of horizontal.



The two independent surface access routes, required by 
mine safety regulations (for escape purposes), taking the 
form of two inclined or vertical shafts, combined with a 
horizontal or vertical arrangement of the disposal area sup
plied the widest range of technical and economic options 
for evaluation the right decision.

The different versions of repository layout will be fur
ther reviewed, some selected layouts will be then analysed, 
and the access system will be characterised, followed by a 
comparison and summary.

2. Overview of repository layouts

For having the lowest impact on the residential area, 
the plant for receiving, handling the waste and providing a 
facility for the air intake and for visitors should be located 
in the Nagymoragy Valley and in the Huta Valley, respec
tively (Figure 1).

In the design phase a storage capacity of 20,000 m3 
waste from power plant operation and 20,000 m3 waste 
from decommissioning was considered, both conditioned

Figure 1. Situation map of disposai site (version X00A)

1. ábra. A tároló áttekintő térképe (X00A változat)

1 — Bátaapáti, 2 -  Nagymórágyi-völgy, 3 -  Üveghutai-völgy, 4 -  táró, 5 — főszellöztető, 6 — szállító lejtősakna, 7 — behúzó lejtősakna, S — föld alatti tárolókamrák



in steel drums at the nuclear power plant. Stress was placed 
on a demand to ensure the recovery of waste packages pro
vided by placement containers (version X). In this case the 
waste received in steel drums at the repository plant site, after 
temporary storage on the surface, would be packed into local
ly cast reinforced concrete containers with a 2.25x2.25 m 
floor area, with 1.55 m height and 0.15 m wall thickness (9 
drums of 200 litre or 5 drums of 400 litre) that also func
tion as a second barrier. Gaps between drums and the con
tainer wall shall be filled with concrete and the containers 
will be covered with reinforced concrete lids (condition
ing). The containers each with a total volume of 7.85 m3 
should be transported into the underground disposal cham
bers as waste packages with a maximum weight of 16 tons.

The alternative suggested in earlier design data was a 
storage capacity for 12,635 steel drums of 200 litre (= 
2,527 m3) and 43,020 of 400 litre (= 17,208 m3) for the 
waste from the operation and decommissioning; if the 
waste was disposed in drums then recovery was not 
required but sealing backfilling takes place simultaneously 
with the deposition.

The planned disposal period is 20 years, the average 
and maximum daily transport is 2 containers or 20 drums 
and 4 containers or 40 drums respectively.

Considering the break down by drum sizes, 40,000 m3 
of waste may be packed into 20,016 containers requiring a 
7.85x20,016 = 157,126 m3 area when disposed of in the 
repository. At the same time the 25,270 drums of 200 litre 
(= 5,054 m3) and the 86,040 drums of 400 litre (= 34,560 m3) 
altogether take 78,500 m3 area due to dead areas between 
the round surfaces of the drums.

If a horizontal layout of the storage area is chosen (ver
sion 00) 3x3+2 =11 containers can be placed symmetrical
ly at the centre, laterally as close as possible, and stacked 
on each other in the 70-80 m2 free section of the storage 
gallery mined out with slight gradient between the ventila
tion and haulage tunnels. When placing the waste, free sec
tions should be left for the through ventilation, for the use 
of a manway, to check and maintain the supports, and to 
do sealing backfilling (Figure 2).

Containers (1) Drums (2)

Figure 2. Piacement of waste packages in a storage road

2. ábra. Hulladék csomagok elhelyezése a tárolóvágatban

1 -  konténerek, 2 -  hordók

If a vertical arrangement of the storage area is chosen, 
two solutions are possible:

— The necessary length of the storage galleries is 
arranged in horizontal levels with about 30 m dis
tance between them (version 01), the ventilation and 
haulage tunnels are interconnected with inclined or 
vertical shafts.

— The storage area is constructed in the form of large 
volume silos with vertical axes (version 11), which 
are sunk from a large sized crane hall.

The repository may be accessed from the surface by 
two vertical shafts sunk from the surrounding valleys (ver
sion A), by one inclined transport shafts sunk from the 
Nagymórágy Valley and one vertical shaft sunk from Üveg
huta Valley (version B), or by two vertical shafts sunk from 
the hilltop (version C).

The two storage capacities required by two kinds of 
packaging (version X -  containers, version Y -  drums), for 
the three layouts (version 00 — horizontal arrangement on 
one level, version Ö1 — vertical arrangement on several lev
els, version 11 t  silo-type arrangement) and for the three 
different surface access routes (version A -  two inclined 
shafts, version B — inclined transportation shaft and verti
cal ventilation shaft, version C — two vertical shafts) Come to a 
total of 18 layout versions of the repository, considering the 
same size tunnel sections. Versions 01 and 11 (vertically 
arranged storage places) combined with inclined shafts 
and staples (version AC) define four further versions.

It is feasible to cut such tunnel and silo sections which 
can host all kind of waste packages and optimally save the 
place. This optimal sections combined with the length of 
the storage gallery (00) and the vertical size of the rec
tangular storage silo (11) may result in a defined storage 
unit of either horizontally or vertically arranged reposito
ries, which can host defined numbers of different kind 
waste packages.

By interconnecting these serial or parallel arranged 
units of storage galleries (0) and silos (1) with haulage and 
ventilation tunnels a number of repository layouts may be 
formed with the required storage volume. To dispose of
20,000 m3 waste from operation and 20,000 m3 waste from 
decommissioning, the nominal volume packed into drums, 
roughly twice as much volume for the storage site is 
required. If the drums are packed into containers their vol
ume is doubled again, so their storage room requirement is 
also doubled. The capacity versions (X, Y) of the reposito
ry differ from each other only in size: the size of version Y 
is half than that of version X.

The important versions of the repository are deter
mined by the layout versions (00, 01, 11) and surface 
access versions (A, B, C, AC) furthermore their main com
ponents are included in the conceptual designs (Figure 3).

At the end only two disposal versions were considered:
— repository with 320,000 m3 storage volume for dis

posal in containers (version X),
— repository with 160,000 m3 storage volume for dis

posal in drums (version Y).



The geotechnically uniform block of rock with the cor
rect properties to host the 20,000 m3 waste from operation 
and 20,000 m3 waste from decommissioning in containers 
should have a volume of 4.5 million m3, with overall dimen
sions of 300x50x30 meter or 150x150x200 meter in the case 
of horizontal and vertical layouts, as shown on Figure 3.

The excavation may be implemented with drilling and 
blasting or with a high-capacity drilling shield. Since the 
drilling shield allows only excavating straight or slightly 
curved tunnels longer than 500 meter, it is used only if a 
reliable geological prognosis is available. The conceptual 
design considers the use of blasting excavation because this 
allows adjusting the work to the local geological conditions 
by changing the direction and section of the tunnel.

With regard to the gradient of the tunnels, it should be 
noted that the excavation technique using repeated drilling
blasting-hauling cycles can be done economically only with 
high power, self-advancing, diesel operated, tyre equipped, 
drill-load-haul vehicles driving safely on grades up to 14.3%, 
and optimally on grades of 10%.

From the technological point of view the final disposal 
of waste is a haulage task. In the construction phase, exca
vated rock from an underground cavity with a volume of 
several hundred thousand m3 should be hauled out in 3-5 
years, while during the operation and sealing phase, the 
waste and sealing material should replace of the excavated 
rock in a period longer by one order of magnitude. Clearly, 
this requires a proper selection of optimal loading-hauling 
vehicle.

Figure 3. Layout versions of the disposal site 

3. ábra. A vizsgált tárolók elrendezési vázlatai

Giving this aspect a high priority, the transportation 
shaft should be an inclined shaft that is connected to the 
horizontally arranged storage area (versions 00A, 00B, 
01A or 01B) in which forklift trucks take the waste pack
ages to their final site. The construction cost and time of 
this layout version is minimal.

In the case of a silo-type repository built with inclined 
transportation shaft (versions 11A and 1 IB) the advan
tages of vehicle haulage are clear in the construction period 
and in a major part in the operation period. The vertical 
transport for placing the waste into the silo cells requires 
frame or overhead cranes, and remote control suspension 
equipment for containers and for group of drums.

For a silo-type repository the same volume of under
ground cavities should be excavated as for storage galleries, 
however its construction costs and time are at least double 
due to the building of the inner reinforced concrete cellular 
structure.

If containerised waste disposal is required the vertical 
arrangement of multiple level storage galleries intercon
nected with inclined haulage tunnels keeps the advantage 
of using uniform haulage vehicles, however it doubles the 
total length of the haulage tunnels as compared to horizon
tal layout (versions 01A and 01B). The construction costs 
and time are estimated at about 50% higher, too.

The most significant difference between the versions 
presented here comes when selecting a vertical transporta
tion shaft (Calamites 1997). The rail guide haulage system 
cannot be easily adapted to the wheel haulage that is 
required in the construction phase in order to transport large 
amounts of rock, personnel, material, etc., and is indispens
able in the operation phase to transport the 16 ton contain
ers and bulk sealing backfilling material.

The shaft sinking will take place with drill-blasting tech
niques. For hoisting less than 200-300 m3 of rock a day, 
special shaft sinking equipment is required. The sinking 
and equipping of the vertical shaft for its final function is 
the first element in the work task sequence of the under
ground construction, the period of which, between 
preparatory works and completion, extends the construc
tion period by, at least three years.

Sinking the twin shafts from the hilltop (version C, 
Figure 4) is hardly acceptable because of the need to cut 
down a large forest area and consequently disturb the 
nature for building the pit yard and access roads.

To keep the advantages of vertical shafts which provide 
a higher safety of sealing, this deficiency may be eliminated 
by building adits with 5% o slope to the surface from the 
same surface opening points where inclined shafts would 
start, and by connecting adits to the disposal area with staples.

All layout versions of the disposal area connecting to 
vertical shafts or staples are the same as in versions con
necting to inclined shaft. The total length of haulage and 
ventilation tunnels, due to auxiliary tunnels around the 
shafts, is shorter by up to 20-30%. However the cost and 
time saved this way is lost by the fact that the self-advanc
ing vehicles of the site construction can only be transport-



Figure 4. Situation map of disposal site (version X11C)

4. ábra. A tároló áttekintő térképe (X11C változat)

1 — Bátaapáti, 2 -  Nagymórágyi-völgy, 3 — Üveghutai-völgy, 4 — lég- és szállítóakna

ed down the shaft in parts, also requiring an area equipped 
with overhead crane for vehicle assembling and disassembling.

3. Selection of versions for further analisys

Principles below determine the basic repository con
cept (versions XOOA and X01A, containerised waste dis
posal in storage galleries arranged in one level and 
accessed by inclined shafts):

The surface opening points of the access tunnels of the 
underground repository are determined by the location of 
the surface plant sites (Calamites 1996). Surface plant sites 
of the underground repository (Figure 1) hosted by the hill, 
are located in the nearest valleys from Bataapati direction 
where the plant sites may be optimally connected to the 
utility lines and the forests may be ecologically protected.

The drilling-blasting excavation with the high-perform
ance self-advancing vehicles allows excavating of up to 80- 
100((m2 tunnel sections in one stage. Since using a multiple



stage process for larger sections causes the specific cost 
and construction time to increase by 20-30% the driving of 
storage galleries should ideally be completed in one stage. 
Using the haulage vehicle in the whole repository area 
requires horizontally arranged storage galleries and grades 
up to 12.5% in the construction phase (in the operation 
phase the haulage is mostly sloping). The two inclined 
shafts are optimally located between surface opening 
points and the repository if within a 150 m depth interval 
and about 1 km horizontal distance.

On the basis of modelling the possible water flows in 
the sealed repository the sealing is safer if the repository is 
connected with the surface by vertical shafts sunk from the 
hilltop (versions X00C, Y00C, X01C, etc.). Based on this 
fact the concept of the repository could be essentially 
changed.

The location of the surface opening points of the shafts 
and the surface plant sites on the top of one of the forest 
clad hills should be in the vicinity of the site of the under
ground repository. As an alternative, sinking of vertical 
shafts from the same surface opening points together with 
their connecting tunnels to the repository would double the 
construction and operation costs, since construction costs 
and time would increase by 50% and 100%, respectively, 
due to building of surface plant sites, road and utility con
nections, sinking the shafts and building a shaft hoisting 
equipment.

To adjust the use of self-advancing vehicles for drilling
blasting excavation, the driving of horizontally arranged 
tunnels with sections to be driven in one stage means the 
optimum solution with a haulage system, where shaft trans
portation is combined with wheel haulage.

According to the final report of the geological explo
ration of the disposal site (B a l l a  et al. 1998) the most 
applicable block of the rock is at the north part of the site 
with a horizontal dimension about 150 m and a vertical 
dimension higher than 150 m. The vertical layout of the 
disposal area may be built by driving relatively short stor
age galleries at several levels (version 01) or by cutting 
deep, rectangular silos (version 11).

The basic, multiple (six) level, horizontal layout version 
comprising six storage galleries per level and accessed by 
two inclined shafts (01) may be built so that the levels inter
cepted by haulage and ventilation tunnels are interconnect
ed by inclined or vertical shafts.

Using the difficult, more than one stage (at least three 
stages) divided section tunnel driving process the tunnel 
sections are doubled, which halves the number of the levels.

In a hosting rock block where horizontal dimensions 
are limited, the increase of depth, in fact the multiplication 
of the vertical size of the storage galleries, can provide the 
required storage volume (Figure 5).

In this case stacking of waste packages requires a crane 
and it shall be built above the silo. Since the section of the 
crane hall is unused for storage, the space utilisation of the 
silo-type repository is not better than that of the horizontal 
tunnel type.

Figure 5. Layout of silo-type storage area 

5. ábra. A silós tárolótérség elrendezése

Vertical arrangements including the silo-type layouts 
may be combined with either the version with two inclined 
shafts (A) or the version with two vertical shafts (C) 
depending on the priorities defining the project concept 
(Calamites 1998).

Different versions regarding the two locations of sur
face plant sites may be harmonised, with the expense of 
additional construction costs and time, so that adits with 
5%0 slope outward are driven from the surface opening 
points of the basic version to the planned underground 
repositories, where the repository is accessed by staples 
(subversions AC). Setting the surface plant site at an opti
mum location and protecting the environment will allow a 
compromised solution of the basic requirements with con
flicting priorities, at the expense of maximum cost and 
time of the underground construction.

On the basis of considerations above the following sec
tion will analyse only those versions that provide a maximum 
volume underground repository, although construction costs 
and time of implementation will be basically different.

4. Analysis of repository layout versions

The following versions will be analysed as follows:
— horizontal layout of storage galleries on one level: 

X00 andYOO,
— horizontal layout of storage galleries on multiple lev

els: X01 andYOl,
— vertical layout of storage area: X I1 and Y ll.
The analysis will be completed with the comparison of 

the three versions.

4.1. Horizontal layout of storage chambers at one level 
(versions X00 and Y00)

For stability of galleries used as storage chambers, it 
was considered important to keep the distance between 
chambers at least double the chamber width, furthermore 
chambers can be driven in one stage. With regard to insuf



ficient rock mechanical information and the (as yet unde
fined) expected lifetime of the repository, a vertical-axis 
half-ellipse shape gallery section was selected. The useful 
section size of the chamber is 70 m2, however 75 m2 of 
excavated capacity is anticipated due to possible uneven 
gallery wall surfaces and extra supports (Figure 2). In the 
70 m2 free section of 2.3 m length 11 containers (version 
X00), or in 2.0 m length 198 drums of 200 litres, or in 2.4 
m length 132 drums of 400 litres (version Y00) may be 
placed.

The length of storage chambers for containers (version 
X00) is calculated as follows: 20,016:llx2.3 = 4,186 metres 
is required, which shall be increased by nx4 metres for the 
forklift truck (n is the number of the storage chambers). 
The length of storage chambers for drums (version Y00) is 
calculated as follows: For 25,700 drums of 200 litres, 
25,700:198x2.0 = 260 metres and for 86,040 drums of 400 
litres 86,400:132x2.4 = 1,565 metres, altogether 1,825 
metres tunnel is required. Construction of 10 storage 
chambers seems to be sufficient. The main dimensions of the 
required repository area are 220x300 metres.

4.2. Horizontal layout of storage chambers on multiple levels 
(versions X01 and Y01)

Using the calculation above, six storage chambers are 
planned for each level. The 150 m dimension predicted by 
geological exploration allows using a 120 m useful length 
of the galleries to house 50 lines (i.e. 550 pieces) of con
tainers; the other 30 m is necessary for access tunnels. For 
the 20,016 containers, construction of 36 storage chambers 
is required which can be arranged on six levels. A 30 m 
height of levels is defined to provide the double value of the 
lateral spacing. Based on rock-mechanical consideration, 
storage chambers are laterally shifted by the width of one 
chamber, alternately by levels, so the original overall 
160x 160 metres horizontal dimensions of the site together 
with the access tunnels are increased to 160x200 metres.

Considering the available geological and rock mechan
ics information (B a l l a  et al. 1998) the six levels of version 
X01 were allocated between +130 metres and -20 metres 
(above the sea level) using 30 metres height of levels. 
Practically, the surface opening points of the repository 
access by inclined shafts (version X01A and Y01A) are 
identical with that of the versions X00A and Y00A.

In the case of repository access by vertical shafts 
(XOlCand Y01C), in order to properly build the pit bot
tom area the site of the main air-intake shaft is shifted by 
45° .to south to the transportation shaft. Furthermore, the 
distance between the two shafts shall be reduced so that 
they can be set within the pit yard built on the hilltop, at 
+270 metres above sea level. Considering technical and 
economic requirements, the shaft bottoms will be con
structed at every second level (level 1, 3 and 5). In the case 
of versions Y01A and Y01C the number of levels are 
reduced from six to three.

The underground repository, together with the access

tunnels requires an overall dimension of 275x275 m, or 
275x450 m in case of versions X01A, Y01A and X01C, 
Y01C, respectively.

4.3. Vertical layout of storage area (versions XI1 and Yll)

The 157,126 m3 of storage capacity for 20,016 contain
ers can also be provided in vertical silos. Considering the 
expected geomechanical conditions (B a l l a  et al. 1998) a 
useful silo volume of 115 x 11.5 m is selected, which is adapt
ed to the container sizes and hosts 250 containers in lines. 
20 lines allow the disposal of 5000 containers in one silo. 
Therefore four silos are required to dispose -20,000 con
tainers. For placing the containers into silos, a crane hall 
with 218 m2 section shall be constructed. The length of the 
crane hall shall be 5 metres longer (120 metres) than the 
length of the silo and the dead area. The access tunnels to 
be used for sealing works (10 metres each) and the bottom 
width of the haulage and ventilation tunnels (15 metres 
each) altogether require about 160 metres, along with the 
length of the silos.

The width of the silos is also increased due to the rein
forced concrete shell of the silos and the bentonite sealing 
zones, so their excavational cross-section width is increased 
to 15 metres. 40 m distances are kept between silos. Since 
haulage and ventilation tunnels will be interconnected on 
the crane hall level at the haulage side, and on the silo bot
tom level at both sides, the maximum overall width will be 
increased to 250 metres. By considering the calculations 
given above, a rock block with 160x250 m horizontal and 
35 m vertical dimension can accommodate the silo-type 
repository.

In practical terms, the craning and the bottom level of 
the silos are planned to the +30 metres and the -5 metres 
(above sea level), respectively.

Considering the overall dimensions described above, all 
the X11A, X11C and X11AC versions may be constructed. 
If, in the case of versions Y11A, Y11C and Y11AC, the 
number of silos is reduced to two, a decrease of overall 
dimensions to 160x 125 metres will result.

5. Access system

The most important elements of the access system are 
the surface opening points, the location of which are pri
marily determined by hydrogeological considerations. This 
decision is influenced by its impact on the nature, environ
ment, economics, safety and construction time. The access 
of the repository is possible both by inclined shafts (A) and 
vertical (B) shafts.

In the versions X00A, X01A and X I1A the inclined 
shafts form the main access tunnels. The layout versions of 
X00C, X01C and X11C are built with centrally located ver
tical twin shafts. In the case of version XAC adits and ver
tical twin shafts form the main elements of the access sys
tem. (The access systems of versions Y are analogous).



The inclined transportation shaft is constructed as a 
lying, half-elliptical shaped tunnel with 7.2 m bottom 
width, 5.2 m height and 37.5 m2 excavated cross sectional 
area. Its inclination varies between 8-12.5% depending on 
the height of the storage levels. The main inclined ventila
tion shaft is constructed as a tunnel with 5.2 m bottom 
width, 4.0 m height, 20.8 m2 excavated cross sectional area 
and a shape with rounded corners. Their inclination may 
also vary between 8-12.5%. The inclined shafts, at the 
proper depth, are connected to the haulage and ventilation 
tunnels of the repository by horizontal tunnels. The length 
of these tunnels depends on the arrangement of the storage 
chambers.

In version X00A the length of the inclined transporta
tion shaft is 1472 metres (Figure 1) while the main ventila
tion shaft is 1145 metres long. If building a shaft for vertical 
transportation and manway purposes is required (versions 
X00B and Y00B) then at the Üveghuta side of the reposi
tory, the main access ventilation tunnel, instead of the 
inclined shaft, should be driven (with ~800 metres length) 
from the direction of the inclined transportation shaft on 
the +30 metres level.

The haulage and ventilation tunnels at the bottom end 
of the inclined shafts should be connected by a collecting 
tunnel, which allows driving the intercepting haulage and 
ventilation tunnels simultaneously. The practical place of 
the main sump for drained water and the electric switching 
cabinet is at the side of the inclined transportation shaft.

In the case of version X01A, the length of the inclined 
shaft collecting the six storage levels is considerably 
increased to 4373 metres, while the main inclined air 
intake shaft is also increased to 1542 metres.

6. Comparison of versions

Versions have got two main components: their access 
system and their storage chambers. In the following a com
parison will be made that is based on physical parameters 
and costs.

6.1. Comparison on the basis of physical parameters

Based on total length of shafts and tunnels versions are 
ranked in the following increasing order: X00C, X00A, 
X11C, X01C, X11A, X11AC, X01A. The required tunnel 
driving of the last version is almost twice as the first one.

There is no significant difference between the average 
tunnel sectional areas. Versions X01A and X I1A demand 
the smallest sections, while version X00C requires the 
largest one (the difference is about 11 m2).

The excavated rock volume is considered as the most 
important physical parameter. From this point of view the 
ranking of versions in increasing order is as follows: X00C, 
X00A, X11C, X11A, X01C, X11AC, X01A. The difference 
between the last and the first one is 239,616 m3 rock to be 
excavated (that is 35.3% of the first one).

The time required for tunnel driving is ranked in increas
ing order as follows: X00A, X01A, X00C, XI1A, XI 1C, 
X01C, X11AC.

If the ranking order of the versions by the different 
parameters are expressed in numbers, and these numbers 
are summed up, the overall ranking order is as follows 
(summed ranking numbers are brackets; where the higher 
the summed number the less favourable the version): X00C 
(13), X00A (14), X11C (16), X11A (17), X01A (23), 
X11AC (26), X01C (27).

Of course, this ranking is only indicative.

6.2. Comparison on the basis of costs

Evaluating the construction costs of the Üveghuta 
underground repository and its surface servicing facilities, 
X00A is the cheapest layout version to build. The calculat
ed investment is around 20 billion HUF on price level of 1st 
of January, 1999. This amount includes the construction 
costs of the repository accommodating 40,000 m3 waste 
from operation and demolition of the nuclear power plant, 
if the investment is implemented in one stage. Building 
repository layout versions X00C, X01A, X01C and XI 1C, 
X11AC cost more by 30% and 70%, respectively, than ver
sion X00A, i.e. the storage chamber type repository 
arranged on one level and accessed by two inclined shafts. 
Within the costs of the different versions, mining access 
and construction works run to around 70%. Apparently, 
the investment is lower if 50% of the storage capacity, to 
dispose only the waste from nuclear plant operation, is 
built in the first stage. Since this lower capacity requires 
the full infrastructure, the postponed costs are 30% in min
ing construction and 15% in the whole investment.

7. Summary

The comparative analysis of constructing a repository 
with horizontal and vertical layouts, hosting 20,000 m3 of 
operational and 20,000 m3 of decommissioning waste was 
completed, taking into account all the studies prepared so 
far (Calamites 1996, Calamites 1997, Calamites 1998).

On the basis of the results of the geological exploration 
completed so far, evaluating technical and economic 
aspects of construction, operation and close down, the 
required overall dimension of the rock block accommodat
ing the repository alternatives has been defined both for 
horizontal and vertical layouts; some parts of the under
ground facility may be located in the surrounding rock 
blocks keeping enough safety distance, in other words, the 
repository may be structured.

Efforts were made on how to utilise the volume of the 
repository best, and to optimise the dimensions of the 
access system.

According to investigations completed so far, construc
tion, operation and close down costs, furthermore the con
struction time is the minimum when a repository compris



ing horizontal layout storage chambers is developed by self- 
advanced vehicles through inclined shafts, the waste pack
ages are transported to the disposal place by vehicles and 
finally the repository is sealed and closed down. This can 
be taken into account when making decisions; nevertheless 
a final selection among the layout versions is possible only 
after complex analysis of safety, technical, economic, envi
ronment- and nature protection requirements.

With regard to the latest results of the site exploration, 
the basic implementation of the horizontal-layout reposito
ry (XOOA) is located under the ridge at a NNW direction 
from Borehole Uh-2, where in the case of containerised 
deposition, the 20+20 thousand m3 waste fills up 20 stor
age galleries within an overall area of 250x600 m. In case 
of disposal in drums and using continuous sealing (Y00A) 
the same quantity of waste fills up only 10 storage galleries, 
so an overall area of 250x300 m is sufficient.

If the dimensions of the rock block assigned to the 
repository will not be more than 150x 150 m, there are only 
two basic solutions.

The first one is to utilise more than one rock block as 
mentioned earlier, which costs more since the intersection

of fractured rock zones involves construction difficulties 
and the need to use supports. The other solution is to con
struct 4 rounded corner, rectangular form silos laid length
ways with the dimensions of 115x35x 12 m, allowing the 
building of the repository within the overall dimensions of 
150x150x80 m, with the bottom level of the crane hall at 
+50 m (above sea level) as an optimum, according to cur
rent information. This solution is called version X I1.

Should an underground disposal with a minimum 
350x250 m overall dimension and acceptable long life and 
reliable sealing (taking into account the engineered barri
ers) be justified, the preferred version found as optimal on 
the basis of the results presented above is a horizontal lay
out of storage galleries combined with two inclined shafts. 
The construction should be done in two stages. In the first 
stage only 10 storage galleries at +30 metres (above sea 
level) together with the inclined shafts are driven from the 
whole version of XOOA (in the same form as in the version 
of Y00A) for the wastes from nuclear power plant opera
tion. The second stage will start when the power station 
will be decommissioned in 100 years time.
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