
Introduction

During the ground-based geological exploration of the
Bátaapáti (Üveghuta) Site in 2002–2003 some 23 boreholes
were completed (BALLA et al. 2003) under the professional
management of the Geological Institute of Hungary.
Various geophysical, hydrogeological, geological and struc-
tural studies were carried out in the boreholes during
drilling, partly after it.

The aim of the drilling

The boreholes were drilled in order to study the hydroge-
ological setting of the area as well as for gaining a better un-
derstanding of the geology of the Site. Based on the aim of
the research four groups of borehole objectives were sepa-
rated. These are as follows:

— to refine the position of the fracture zone explored by
Borehole Üh–2;

— to enlarge the Site;
— groundwater observations in boreholes on hilltop,
— investigation of subsurface zones under valleys,
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Abstract

During the ground-based geological exploration in 2002–2003 some 23 boreholes were completed. Their penetration had several objectives in-
cluding the enhancement of the accuracy of the fracture zone revealed formerly by the borehole Üh–2, enlargement of the Site, observation of
groundwater level in boreholes on hilltop, investigation of subsurface zones below valleys and determination of transport parameters of the granite.

The fracture zone of the Borehole Üh–2 was studied by two boreholes (Üh–25 and Üh–36) inclined inversely to the estimated dip of the fault
zone. Both boreholes penetrated the fracture zone proving it and really enhancing the accuracy of its position. Initially, the boreholes drilled for en-
larging the Site (Üh–26, Üh–27 and Üh–28) provided information in three directions on the enlarged area. Borehole Üh–37 was completed for fur-
ther extension of the Site and north of Borehole Üh–27 furnishing the most promising data by penetrating a monzonite rock sequence of harder
mechanical properties. Of the 6 boreholes on hilltop some four ones were supplemented by groundwater observation wells (Üh–25A, Üh–26A,
Üh–28A and Üh–36A). Concerning the investigation of subsurface zones below valleys 2 boreholes (Üh–29 and Üh–30) were set up in the zone of
upward flow near the valley floor. In order to determine transport parameters 3 borehole groups were completed with one central and 2–3 accesso-
ry boreholes by group (Üh–31A–C, Üh–32A–D, Mó–7A–D).

Of the 3298.72 running m drilling 424.7 m, 451.74 m and 2422.28 m were penetrated by noncoring, dry and  flushed coring techniques, respec-
tively. They drilled 533.0 m and 2765.7 m Quaternary overlying beds and basement rocks (granite complex), respectively. Core drilling proceeded
in overlying beds by using traditional techniques with single-wall core pipe equipped by hard metallined crown, whereas traditional or wireline dou-
ble-wall diamond bore technique was applied in the hard granite complex. Core recovery never remained below 90%, it was mainly 95%.

Drilling activities were supported by technical supervision with the registration of each event occurring during drilling. The technical supervi-
sor was continuously available in the site where drilling activities proceeded adapting to the 24 hour working regime of the contractor. During
drilling activities there was a need to rescue the objects left behind in the hole, exclude the zones loosened after penetration and ensure the possibil-
ity of detailed post-drilling study of the boreholes.

Both during and after penetration diverse geophysical, hydrogeological and geological-tectonic studies on drill cores were completed.
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Figure 1. The plot of the boreholes drilled in 2002–2003 in the framework of the ground-based exploration
1 — borehole drilled in 2002–2003, pair of boreholes; 2 — borehole group drilled in 2002–2003; 3 — borehole drilled before 2002; 4 — trench; 5 — dug well;

6 — gauging station (overfall); 7 — boundary of the Site; 8 — improved road; 9 — surface projection of inclined borehole

1. ábra. A 2002–2003-ban a felszíni kutatás keretében mélyített fúrások helyszínrajza
1 — 2002–2003. évi fúrás, fúráspár; 2 — 2002–2003. évi fúráscsoport; 3 — 2002 előtti fúrás; 4 — árok; 5 — ásott kút; 6 — vízhozammérő műtárgy (bukó); 

7 — a telephely határa; 8 — javított út; 9 — ferdefúrás felszíni vetülete



The boreholes drilled for the observation of the ground-
water level can be ranked into a separate group. These bore-
holes, drilled using a dry procedure, were deepened before
the deep wells on the hilltops. Figure 1 shows the map of the
boreholes, which were drilled in two phases.

The fracture zone of Borehole Üh–2 

Borehole Üh–2 (drilled in 1997–1998) penetrated a large
fracture zone beginning at about 341 m and it was stopped in
this zone at 381.90 m (BALLA 2000; GYALOG, TUNGLI 2000).
This zone was also found to bear a hydrodynamic head mini-
mum. For the refinement of the position and the dip of the
fracture zone and for studying its connection with the zone
having the hydrodynamic head two inclined boreholes were
drilled: first the Üh–25 and then the Üh–36 (Figures 1 and 2). 

The inclined Borehole Üh–25 is directed to the south; its
dip differs about 30° from the vertical (173/63°) down to
300.69 m. Based on the previous data it was expected that
Borehole Üh–25 would penetrate the fracture zone at around
200-250 m. Actually the borehole penetrated a fracture zone
between 216 and 227 m. The head minimum was also present
in the borehole, but it did not fall into the fracture zone. About
550 m ESE from Boreholes Üh–2 and Üh–25 a 750 m long
trench was excavated (Trench A1) in the Éva Valley. This ex-
posed the granitic body at the bottom of the valley. An about 8
m thick fracture zone was penetrated in the middle part of the
trench and exposed at 3 different points. Its strike was the
same as that of the anticipated fracture zone. Although the 3
fracture zones exposed at 3 different points could have been
compiled into one plane, it was not unambiguously shown
that they really belong to the same fracture zone. For the veri-
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Figure 2. The structure and the penetrated formations in the inclined boreholes (Üh–25, Üh–36) drilled for the exploration of the fracture zone
Quaternary sediments: 1 — soil; 2 — deluvial aleurite (silt); 3 — paludal peaty clay; 4 — loess series (Paks Loess Formation); 5 — red clay (Tengelic Red Clay
Formation). Mórágy Granite Formation: 6 — monzogranite, 7 — monzonite; 8 — monzogranite with monzonite inclusions; 9 — microgranite dyke. Others: 10 —
tectonic breccia; 11 — strongly weathered section; 12 — strongly disintegrated (collapsing) zone; a — cement filling; b — casing. Depth records of geology (left
side) and hole structure (right side) from the 0 m of the borehole are given in m, diameters of the hole and external/internal casing (in the middle) are presented 

in mm

2. ábra. A törésesöv-kutató ferdefúrások (Üh–25, Üh–36) lyukszerkezete és harántolt képződményei
Negyedidőszaki üledékek: 1 — talaj; 2 — deluviális aleurit (kőzetliszt); 3 — mocsári tőzeges agyag; 4 — lösz-összlet (Paksi Lösz Formáció); 5 — vörösagyag (Tengelici
Vörösagyag Formáció). Mórágyi Gránit Formáció: 6 — monzogránit; 7 — monzonit; 8 — monzogránit, monzonitzárványokkal; 9 — mikrogránittelér. Egyéb: 10 —
tektonikus breccsa; 11 — erősen mállott szakasz; 12 — erősen bontott (omló) zóna; a — cementkitöltés; b — béléscső. A földtani (baloldalon) és a lyukszerkezeti

(jobboldalon) mélységadatok a fúrási 0 m-től m-ben, a fúrólyuk és a (külső/belső) béléscsőátmérők (középen) mm-ben vannak megadva 
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Figure 3. The structure of the boreholes penetrated for the enlargement of the Site (Boreholes Üh–26, Üh–27, Üh–28 and Üh–37) and the 
formations crossed therein 

Quaternary sediments: 1 — soil; 2 — loess series (Paks Loess Formation); 3 — variegated clay (Tengelic Red Clay Formation). Rozsdásserpenyő Formation: 4 — tra-
chyandesite dyke. Mórágy Granite Formation: 5 — monzogranite, 6 — contaminated monzogranite; 7 — monzogranite with monzonite inclusions 8 — monzonite;
9 — contaminated monzonite; 10 — microgranite dyke. Others: 11 — tectonic breccia; 12 — strongly weathered section; 13 — strongly disintegrated (collapsing)
zone; a — cement filling; b — casing. Depth records of geology (left side) and hole structure (right side) from the 0 m of the borehole are given in m, diameters

of the hole and external/internal casing (in the middle) are presented in mm 

3. ábra. A telephelybővítő fúrások (Üh–26, Üh–27, Üh–28 és Üh–37) lyukszerkezete és harántolt képződményei
Negyedidőszaki üledékek: 1 — talaj; 2 — lösz-összlet (Paksi Lösz Formáció); 3 — tarkaagyag (Tengelici Vörösagyag Formáció). Rozsdásserpenyői Formáció: 4 — tra-
chiandezit-telér. Mórágyi Gránit Formáció: 5 — monzogránit, 6 — kontaminált monzogránit; 7 — monzogránit, monzonitzárványokkal; 8 — monzonit; 9 — konta-
minált monzonit; 10 — mikrogránittelér. Egyéb: 11 — tektonikus breccsa; 12 — erősen mállott szakasz; 13 — erősen bontott (omló) zóna; a — cementkitöltés; b —
béléscső. A földtani (baloldalon) és a lyukszerkezeti (jobboldalon) mélységadatok a fúrási 0 m-től m-ben, a fúrólyuk és a (külső/belső) béléscsőátmérők

(középen) mm-ben vannak megadva 



fication of this assumption it was found necessary to drill an
additional borehole between the previous three points. For
this purpose a new inclined borehole (Üh–36) was sited.

Inclined Borehole Üh–36 was drilled after the first
phase of exploration. Its direction tends near to the south;
the dip differs about 30° from the vertical (183/59°) and the
borehole was stopped at 255.34 m. The main aim of drilling
this borehole was to provide further information on the po-
sition of the fracture zone, and to better understand the geo-
logic relationships of the mentioned hydrodynamic mini-
mum. Based on this information the opportunity was pro-
vided to size up the probable effect of this phenomena on
the safety of the waste repository. The borehole really pene-
trated a fractured zone, but not exactly to the expected depth
(from about 150 m), but about 70 m deeper, between 223.9
and 235.1 m. The depth differences found in Borehole
Üh–36 mean that the fracture zone of the two boreholes
cannot be traced directly to the largest fracture zone of
Trench A1 .

Expansion of the Site

The originally proposed 300×600 m large rectangle
taken as the basis of the Site (BALLA 2000) proved to be too
small in the light of the new conceptions. Therefore an en-
largement of the exploration area became necessary. For this
purpose three vertical boreholes were drilled in the first
phase. Based on previous observations these should have
been completed with a fourth one (Figures 1 and 3), the
Üh–37. The site, the reason for drilling and the depth of the
boreholes were as follows:

Borehole Üh–26 was drilled 150 m south of Borehole
Üh–5, in about the central part of the velocity maximum
demonstrated by the refraction tomographic section in 1997.
The purpose was to expand our knowledge on the southern
continuation of the Site. The depth of the borehole is 400.60 m.

— Borehole Üh–27 was drilled 150 m north of Borehole
Üh–23, near to Borehole Üh–6. The latter was drilled in
1997 during the site selection; it reached the granite and
stopped at 80 m. The purpose of this borehole was to expand
our knowledge on the northern continuation of the Site. The
depth of Borehole Üh–27 is 411.11 m. 

— Borehole Üh–28 was drilled 200 m west of Borehole
Üh–3, basically to get better knowledge on the western con-
tinuation of the Site. The depth of this borehole is 300.60 m.

— Borehole Üh–37 was drilled 250 m NNW of the
Üh–27, in order to gain better understanding of the extent of
the monzonitic body and its hydrogeologic characteristics.
This is a vertical borehole, and its depth is 300.34 m.

Borehole Üh–27 penetrated different rocks (which are
called granitoids, but based on thin section observations can
be called monzogranite) from those found in other boreholes
of the area. The dominantly melanocratic rocks, which are
referred to as diorite, showed less pronounced schistosity
and fracturing compared to the monzonitic rocks of the other
boreholes, based on thin section analyses. The rock-me-
chanical studies carried out in 1997–98 suggested that the

mechanical parameters of these rocks are better than those
of the other rocks. These rocks were usually penetrated only
in a small thickness in the other boreholes, and they occur
only in a few longer sections (Üh–3, Üh–22).

Based on the dataset of Borehole Üh–27, the stratigraph-
ic columns of the previous boreholes were revised. With this
revision it became clear that the melanocratic rocks are situ-
ated north, northwest and west of the previously explored
area. The contour of the rock body is ambiguous, but it
forms an approximately 1.2 km2 large body. This body was
also crossed by Trench A2 of the Mészkemence Valley. The
melanocratic body is in a deeper position compared to the
previously explored Site. The hydrogeological properties of
this body did not seem to be better than those of the monzo-
granitic rocks, but their properties remained unclear and fur-
ther study is required to gain more information.

Borehole Üh–37 was drilled after the previously men-
tioned ones and after the 3D seismic tomography survey in
2002. The aim of this borehole was to clarify the possibili-
ties of the northward extension of the Site based on the new
recognitions and suggestions of outside experts. 

Groundwater observation wells 
of boreholes on hilltop

The boreholes studying the fracture zone of borehole
Üh–2 as well as those supporting Site enlargement were
penetrated on hilltop. In these sites determination of ground-
water table and continuous recording of its variation are
important pieces of information. Therefore 4 of them were
accompanied by dry groundwater observation wells 5-10 m
away (Üh–25A, Üh–26A, Üh–28A és Üh–36A), drilled
down to 10-15 m below groundwater table (Figures 1 and 4).

Exploration of the areas beneath valleys

Two boreholes were planned for the areas beneath val-
leys. Both of them were sited based on the results of previous
research (MEZŐ et al. 1998, 1999). This research delineated
the NNW- and NE-directed main underground flow paths in
the area of the Site. A major consideration was that the bore-
holes should be planted on zones with an upward flow.
These were expected 1–1.5 km from the Site. Two boreholes
were drilled. 

Borehole Üh–29 was drilled (down to 300.38 m) NNW
of the Site, in the vicinity of the junction of two valleys. Here
the closest upstream zone was expected in this direction
(most of the streamlines at greater depth have not turned to-
wards the surface).

Borehole Üh–30 was drilled NE of the Site (down to
300.33 m), close to the shallow Borehole Üh–12. At this site
the datasets of Henrik Spring and Overfall B4 provided the
possibility to characterise the near-surface and subsurface
water budget. The water quality of Borehole Üh–12 suggest-
ed that water of deeper origin also occurs in this well, so that
the area can be interpreted as featuring an upward flow
(Figures 1 and 5). 
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Determination of transport parameters

Two boreholes were planned for the areas beneath valleys
where on the basis of previous results (MEZŐ et al. 1998, 1999)
major flow paths were anticipated i.e. towards NNW and NE.
Each borehole group was composed of 3 or 4 shallow bore-
holes. The groups were composed of one central borehole (in-
dicated by “A”) drilled down to 36–50 m, and two or three
boreholes (indicated by “B”, “C” and “D”) sited around the
central one and drilled down to 30–43 m (Figure 1 and 6).
These borehole groups were located in the vicinity of earlier
shallow boreholes. The aim of this type of layout was to en-
compass the Site more or less uniformly. The borehole groups
and the aspects of their allocation were as follows:

— Borehole Group Üh–31A–C was allocated NNE of

the Site, in the main branch of the Nagymórágy Valley, close
to Borehole Üh–18 drilled in 1997. The Üh–18 was the only
well with mixed water (as seen from the isotopic analyses)
so most of the water came from a greater depth.

— Borehole Group Üh–32A–D was drilled close to
Borehole Üh–11 (drilled in 1997) in the Huta Valley, NW of
the Site. Detailed analyses showed that the probability of up-
ward flow reaching the surface was the highest at that place.
This provided a good opportunity to study not only the water
cycle in the granite, but also the end of the flow paths.

— Borehole Group Mó–7A–D was sited ENE of the Site,
in the Mórágy Valley, close to Village of Mórágy and to the
Borehole Pair Mó–6 – Mó–6A drilled in 1997. Well Mó–6
was the only one in which the water could have originated
from greater depth, as seen from the isotopic studies. 
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Figure 4. The structure of the boreholes and the penetrated formations in the hydrogeological observation wells (Üh–25A, Üh–26A, Üh–28A,
Üh–36A) 

Quaternary sediments: 1 — soil; 2 — deluvial aleurite; 3 — paludal peaty clay. Paks Loess Formation: 4 — loess-horizon; 5 — palaeosol horizon. Tengelic Red Clay
Formation: 6 — red clay; 7 — variegated clay; 8 — clastic clay with rubble. Mórágy Granite Formation: 9 — monzogranite, 10 — monzonite; 11 — microgranite dyke.
Others: 12 — tectonic breccia; 13 — strongly weathered section with rubble; 14 — strongly disintegrated (collapsing) zone; a — cement filling; b — casing; c — sand
filling; d — clay granulate filling; e — gravel filling; f — loess filling; g — granite rubble filling; h — groundwater table. Depth records of geology (left side) and
hole structure (right side) from the 0 m of the borehole are given in m, diameters of the hole and external/internal casing (in the middle) are pre-

sented in mm, their altitude above Baltic Sea level is displayed on the left in separate scale 

4. ábra. A talajvízszint-megfigyelő fúrások (Üh–25A, Üh–26A, Üh–28A, Üh–36A) lyukszerkezete és harántolt képződményei
Negyedidőszaki üledékek: 1 — talaj; 2 — deluviális aleurit; 3 — mocsári tőzeges agyag. Paksi Lösz Formáció: 4 — lösz-szint; 5 — paleotalajszint. Tengelici Vörösagyag
Formáció: 6 — vörösagyag; 7 — tarkaagyag; 8 — törmelékes (murvás) agyag. Mórágyi Gránit Formáció: 9 — monzogránit, 10 — monzonit; 11 — mikrogránittelér.
Egyéb: 12 — tektonikus breccsa; 13 — erősen mállott (murvásodott) szakasz; 14 — erősen bontott (omló) zóna; a — cementkitöltés; b — béléscső; c — homok-
feltöltés; d — agyaggranulátum-feltöltés; e — kavicsfeltöltés; f — löszfeltöltés; g — gránittörmelék-feltöltés; h — talajvízszint. A földtani (baloldalon) és a lyukszer-
kezeti (jobboldalon) mélységadatok a fúrási 0 m-től m-ben, a fúrólyuk és a (külső/belső) béléscsőátmérők (középen) mm-ben vannak megadva, a Balti 

magassághoz viszonyított helyzetük baloldalt, külön skálán látható 



During the siting of the borehole groups first the central
well (indicated by A) was drilled.The optimal distance of the
accessory boreholes (indicated by B–D) were determined

based on the study of these central wells. Following the con-
struction of well groups, tracer tests were carried out to clari-
fy the local connections between different streams.
Following drilling of the boreholes and the construction of
the wells different tracers were added into the different acces-
sory wells. The amount of the tracers was always 5-6 times
higher than their detection limits. These tracers were ob-
served in the central wells. Based on these data (taking into
account the stream parameters determined during the study
of the borehole groups), the effective porosity was calculat-
ed. The latter is one of the most important parameters in the
hydrogeological modelling of the Site.

The drilling of boreholes

For the drilling of the boreholes, following the acquisti-
tion of the appropriate permission, first the exact site of the
borehole was prepared, then drilling with continuous tech-
nological control was carried out. During the drilling, analy-
ses were also carried out in the borehole. At the same time
the drill cores were continuously documented. Finally, anal-
yses were also carried out after the drilling.

Preparation 
and mobilisation

During the planning of the drilling activity the aim and
function of the single boreholes were determined, then their
implementation with respect to these results was adjusted.
Parallel to this, analyses which should be carried out in the
borehole were planned.

During the planning, first the owner’s permission for the
drilling as well as the permission for the usage of the roads
were aquired. Furthermore, the water licence permission
from the Central Transdanubian Hydrographic Directorate
for the establishment of observation wells was also neces-
sary, along with permission for the usage of roads of the
Bátaszék Forestry of Gemenc Forest and Game Co. Further-
more, the redemption of the forest areas in the site of the
boreholes was arranged. Dirt roads led to the boreholes.
These roads were improved, and the earlier roads became re-
constructed to ensure unhindered supply for the drilling
works. During the preparatory stages ground work in the re-
deemed forest areas was carried out. The workplace at the
drilling points (in the case of deep boreholes in a maximum
area of 30×20 m; in the case of shallow boreholes this area
was a maximum of 15×15 m) was developed, and the area
was covered with rubble or with concrete slabs and the base-
ment for the boreholes was developed.

Drilling process

Two drilling companies drilled the boreholes, with each
carrying out about one half of the work. Rotaqua Ltd. from
Kővágószőlős drilled 47.7% of the boreholes whereas
Geoprosper Ltd. from Balatonalmádi made 52.3% of them.
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Figure 5. The structure of the boreholes and the penetrated forma-
tions in boreholes (Üh–29, Üh–30) drilled for the exploration of the

areas beneath valleys
Quaternary sediments: 1 — soil; 2 — fluvial clayey aleurite with gravel (silt); 3
— deluvial aleurite (slope loess). Rozsdásserpenyő Formation: 4 — trachyan-
desite dyke. Mórágy Granite Formation: 5 — monzogranite, 6 — contaminated
monzogranite; 7 — contaminated monzonite; 8 — microgranite. Other: 9 — tec-
tonic breccia; 10 — strongly weathered section; 11 — strongly disintegrated
(falling) zone; a — cement filling; b — casing. Depth records of geology (left
side) and hole structure (right side) from the 0 m of the borehole are given in
m, diameters of the hole and external/internal casing (in the middle) are pre

sented in mm

5. ábra. A völgyek alatti térrészeket kutató fúrások (Üh–29, Üh–30)
lyukszerkezete és harántolt képződményei

Negyedidőszaki üledékek: 1 — talaj; 2 — folyóvízi agyagos, kavicsos aleurit
(kőzetliszt); 3 — deluviális aleurit (lejtőlösz). Rozsdásserpenyői Formáció: 4 — tra-
chiandezit-telér. Mórágyi Gránit Formáció: 5 — monzogránit, 6 — kontaminált
monzogránit; 7 — kontaminált monzonit; 8 — mikrogránit. Egyéb: 9 — tektonikus
breccsa; 10 — erősen mállott szakasz; 11 — erősen bontott (omló) zóna; a — ce-
mentkitöltés; b — béléscső. A földtani (baloldalon) és a lyukszerkezeti (jobb-
oldalon) mélységadatok a fúrási 0 m-től m-ben, a fúrólyuk és a (külső/belső)

béléscsőátmérők (középen) mm-ben vannak megadva
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Figure 6. The structure of the boreholes and the penetrated formations in Borehole Groups Üh–31, Üh–32 and Mó–7
Quaternary sediments: 1 — soil; 2 — fine-grained fluvial sediment (clay, aleurite, sand); 3 — coarse-grained fluvial sediment (sandy, gravel-bearing clastic aleurite);
4 — deluvial aleurite (slope loess). Mórágy Granite Formation: 5 — monzogranite, 6 — monzonite; 7 — microgranite dyke. Others: 8 — strongly weathered section;
9 — strongly disintegrated (collapsing) zone; a — cement filling; b — casing. Depth records of geology (left side) and hole structure (right side) from the 0 m of 

the borehole are given in m, diameters of the hole and external/internal casing (in the middle) are presented in mm

6. ábra. Az Üh–31, Üh–32 és Mó–7 fúráscsoport fúrásainak lyukszerkezete és harántolt képződményei
Negyedidőszaki üledékek: 1 — talaj; 2 — finomszemű folyóvízi üledék (agyag, aleurit, homok); 3 — durvaszemű folyóvízi üledék (homokos, kavicsos, törmelékes
aleurit); 4 — deluviális aleurit (lejtőlösz). Mórágyi Gránit Formáció: 5 — monzogránit, 6 — monzonit; 7 — mikrogránittelér. Egyéb: 8 — erősen mállott szakasz; 9 —
erősen bontott (omló) zóna; a — cementkitöltés; b — béléscső. A földtani (baloldalon) és a lyukszerkezeti (jobboldalon) mélységadatok a fúrási 0 m-től m-ben, 

a fúrólyuk és a (külső/belső) béléscsőátmérők (középen) mm-ben vannak megadva



Rotaqua completed Boreholes Üh–26, Üh–28, Üh–30,
Üh–36 and Borehole Group Üh–31 in a 1572.53 running m
length, whereas Geoprosper Ltd. carried out Boreholes
Üh–25, Üh–27, Üh–29, Üh–37 and Borehole Groups Üh–32
and Mó–7 in a 1723.64 running m length. Geoprosper Ltd.
used Wirth B0/B1A, B1A and B1A/B2A drilling rigs where-
as Rotaqua Ltd. drilled with Wirth B1E, B2A, Ingersoll Rand
T4W, URB–2A and SKB–4 drilling rigs. In shallower depths
the drilling technology was conventional, but in deeper bore-
holes wireline core drilling technology was used.

The basic dataset of the completed boreholes is shown in
Table 1 whereas Table 2 shows the sections of boreholes, the
top of the bedrock and the data on groundwater table.

The depth of the bottom of boreholes always reached and
sometimes passed the planned depths. In the 6 of the 8 deep
boreholes (Üh–25–30 and 36–37) the overstep was less than
1 m. In case of Borehole Üh–27, in which volcanic dyke
rocks were reached 1 m above the planned bottom, the bore-
hole was drilled down to 411.1 m instead of 400 m. In the
case of Borehole Üh–36 the aim of the deeper drilling was to
intersect the fracture zone, so the borehole became 5.34 m
deeper. With the accessory wells drilled for hydrogeological
observation the depth of the borehole was dependent on the
depth of the water table. The depths of these wells were as
anticipated. The depth of the central boreholes in the bore-
hole groups was 50 m, in accordance with the plans (the
Üh–31A was only 36.60 m deep). With the borehole groups
the accessory boreholes became deeper than that had been

planned. Instead of 20 m these latter became 30–43 m deep.
Instead of 330 m the total length of the borehole groups be-
came 420.71 m.

The boreholes were geodetically surveyed just after the
beginning of their drilling. At the given moment the top of
the pipe was measured; its relation to the borehole 0 m was
determined based upon the results of technical supervision
documentation.

The boreholes were drilled dry in the uppermost section
where the sediment was loose and in those sections of the
granite body where it was completely fractured, whereas in
the weathered and fresh granite body (i.e. in the hard rocks)
fluid flushing was used. The dry-drilled boreholes were dril-
led with a simple core barell, whereas the flushing ones with
a double-wall core barrel. 

4 boreholes (Üh–25A, Üh–26A, Üh–28A and Üh–36A
— Figures 1 and 4) were completed in the vicinity of 4 bore-
holes in hilltop and hillside positions (Üh–25, Üh–26,
Üh–28 and Üh–36; they were also completed vertically at
the inclined boreholes Üh–25 and Üh–36) for reliable
groundwater observation. Down to the hard granite the
borehole was penetrated with coring then by noncoring
technique. In the main boreholes the cored section of the
accessory borehole proceeded with noncoring technique
in compliance with the planned diameter of casing. In the
case of Üh–27 this borehole was substituted with Üh–6,
drilled in 1997. In the cases of two boreholes drilled at the
bottom of the valley the groundwater table was close to the
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Table 1. Basic dataset on the boreholes drilled during near-surface exploration

G = Geoprosper Ltd.; R = Rotaqua Ltd.; hydr. monit. = hydrogeological monitoring well; vertical = vertical borehole.



surface, so a separate borehole was not necessary. In the
case of Borehole Üh–36A the uppermost loose beds were
drilled dry by spiral drill technology, instead of core
drilling; this provided possibilities for approximate evalua-
tion. In the case of Borehole Üh–37, a borehole with an “A”
sign was not drilled (because of the short time available),
but the deep borehole itself was penetrated dry down until
10 m below the anticipated groundwater table even in the
granite body.

The sections of the cored boreholes in the hard granite
body were drilled with a conventional or wireline diamond
drilling technique with a double wall. The final diameter of
Boreholes Üh–25 – Üh–28 and Üh–37 was 96 mm (HQ),
and 76 mm (NQ) for Boreholes Üh–29, Üh–30 and Üh–36.
In the case of the latter a hole enlargement close to the bot-
tom was saved due to the drilling with a narrower diameter in
the fractured zone after the casing.

The planned core recovery was 95% for the total length
of all boreholes and at least 70% by trippings. The excep-
tions were the loose sections for which the core recovery was
at least 50%. The previously described instruction was com-
plied with almost perfectly (Table 3). This instruction was
observed in all important boreholes drilled in the granite
body with the exception of the strongly fractured, several m
thick sections of Boreholes Üh–31A, Mó–7B and Mó–7D.
The core recovery of Borehole Üh–37 was also low in the
sections drilled dry and this was due to two factors. First,
compaction and welding caused by the technology was ob-

served in several sections of the uppermost sediments so that
the core material became pressed and shorter. On the other
hand, in the section between 62.06 and 90.00 m the granite
was drilled dry with air flushing for sampling the undis-
turbed water. This particular technique also produced a
worse core recovery at the beginning of the section, but at its
end almost 100% of core recovery was reached.

The boreholes were basically drilled with water flushing.
For this purpose the water of a previously appointed well was
used. It was Well No. 4 of the Bátaszék Waterworks (the
Borehole Bátaszék K–43) which was also used for the
1998–1999 explorations. The water of this well originates
from old, Upper Pannonian sediments, and its composition is
similar to the ground water of the Site, so it does not shift the
results. During the penetration of the loose zone a special
flushing fluid was used (with a stabilising additive). This ma-
terial was, similarly to the previous exploration, the rhodopol
(xanthan) which was developed by the plant of the Hungarian
Oil Co., Szolnok. This material decays due to bacterial activi-
ty. After the loose zones water was used again. Tracer materi-
al was added to the water continuously (in the deep wells and
shallow borehole groups uranine, and sodium-bromide, re-
spectively). Its purpose was to be able to determine the ratio
of the flushing fluid during water sampling.

The loose overlying beds and the collapsing zones were
secured by telescopic casing. Where possible, the casing
sections above the collapsing zones were rescued (with
twisting or cutting) after finishing drilling. 
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Table 2. Sections of the boreholes, and data on the top of the bedrock and water levels

Depth of the top of the granite and groundwater table measured from the borehole 0 m; hydr. monit. = hydrogeological monitoring well; vertical = vertical well.
The groundwater table of the single borehole groups was measured on the same day.



After the drilling was finished all the boreholes were
completed to groundwater observation wells. In the case of
deep boreholes a concrete shaft was built onto the mouth of
the well. The concrete shaft was closed by a cover with a spe-
cial lock. The major pipe, until the installation of the multi-
packer system, was equipped with a closing cap. During con-
struction of the shallow and the hydrogeological observation
wells, protecting pipes and closing cups were put in place and
protecting barriers were built. They were established for all
boreholes (for the wells used in tracer experiments they were
mounted after the tests). Afterwards a permanent point (usu-
ally hilti nail) was established in the concrete shaft or fixed in
the concrete surrounding shallow boreholes in order to per-
form their geodetic survey. In the frame of monitoring con-
tinuous instrumental water level recording was performed in
each well that was completed of boreholes.

Technical supervision of the boreholes

The drilling of the boreholes was supported by the tech-
nical supervision of Golder Associates (Hungary) Ltd. dur-
ing the whole exploration by recording all the events which
occurred during drilling. Its results are shown in the drilling-
technological documentation which was carried out for
every single borehole.

The aim of technical supervision is to guarantee that the
drilling of boreholes and the studies therein reach the re-

quired quality. Its general role is to control and assure the
quality of the drilling and the works associated with to the
drilling, to guarantee the level of research carried out in dif-
ferent periods of the work, to ensure the appropriate order
and duration, and to oversee the exact and reliable comple-
tion of the tasks according to the plans. This function
claimed continuous technical supervision. The technical su-
pervisor was on site in the case of every operation carried
out during drilling and was familiar with the round-the-
clock work routine.

During earlier investigations (between 1996 and 1999)
the technical and documentation procedures adopted were
developed by the Golder Associates Gmbh (Germany) for
the Morsleben geological exploration (carried out for the
repository of low- and intermediate-level radioactive
waste). They were adapted for Hungarian needs (TUNGLI,
GYALOG 1997). At that time the aim was to achieve a super-
vision and documentation system during drilling which
would correspond to international norms. This routine be-
came well-known through the project organisation Ameri-
can Quality Assurance / Quality Control (QA/QC).

This principle was also used during this exploration. The
task of the quality control of the Golder Associates was as fol-
lows: to organise, control and harmonise the work of the per-
sonnel, participating in the implementation and the research,
so as to achieve appropriate quality and quality control; to col-
lect and arrange all the data and information detected during
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Table 3. The core recovery of the boreholes of near-surface exploration



the exploration which could be of significance later; and to
record all the phases of the work in detail for complete recon-
struction of all phases subsequently, if necessary.

The technical supervision was carried out by an independ-
ent team composed of technicians and engineers. Compared
to previous phases the exploration of 2002–2003 was much
more significant. The high amount of boreholes, the large
dataset and the short time available required the modification
of technical supervision and its system. A new organisational
conformation was carried out. In this frame a management
body called Technical Control Supervision (TCS) which in-
cluded several highly-qualified engineers was appointed; of
the most senior among its members was the chief of technical
supervision). The major tasks of the TCS were:

— to organise and supervise the work of technical super-
visors;

— to prepare reports and different statements;
— to secure mutual data exchange among the different

working groups;
— to compile and make the final documentation;
— to confirm the execution of research tasks and the

amount of material used;
— to keep continuous contact with the contractors and

the heads of the exploration;
— to take part in the co-ordination of the fieldwork and

in scheduling the daily research activities.
The documentation made by the technical supervisor

was composed of daily reports and other general documents
which contained:

— continuous documentation of all events at the bore-
hole in chronological order;

— technical data related to the drilling;
— preliminary documentation of the drilling core and

the experience gained during core treatment;
— first geotechnical qualification of the drilling core

(by RQD and Kiruna methods);
— changes in the basic parameters of drilling;
— lists of planting the casing and other tools;
— amount, composition and circulation of the flushing

fluid used for the drilling;
— control of competence of other different activities;
— completed work and the amount of used materials;
— documentation of the well completion, the construc-

tion of well head and well head secure cellar;
— report of landscaping.

Solving specific technical problems

During the drilling of the boreholes the objects remain-
ing in the hole had to be saved and the loose zones, after pen-
etrating, had to be closed out.

Rescue plans were needed to deal with the technical acci-
dents which occurred during the exploration. Four well-de-
fined groups of the rescue can be distinguished.

The first group involved the break of HQ drive-pipes
during flushed core drilling (e.g. in case of Borehole
Üh–26). The rescue attempts associated with these acci-

dents were carried out successfully over several hours by
fishing tap, or by an HQ conical rotating joint.

The second type of accident is associated with the dry
core drilling of the uppermost, loose sedimentary cover (e.g.
in the case of Borehole Üh–32D). Usually smaller units,
mainly tungsten-carbide insert crowns or its pieces, re-
mained in the hole. In these cases the hole was broadened by
a larger driller, then the pieces of the tool which remained on
the bottom of the hole were drilled. By this method the metal
pieces to be rescued and the debris were also brought to the
surface. These attempts required a longer time but in all
cases could be finished in one shift.

The third type of accident happened during the dry en-
largement of the diameter of the holes in the loose overlying
beds (e.g. in case of Borehole Mó–7A). In shallow depths
the enlargement of the diameter was carried out by a spiral
bit/rotary drill with a large diameter. In several cases the
pinching was followed by the breakage the tool. The broken
spiral bit was drilled around by a toothed casing shoe using
flushing. Then the pieces were brought out with the help of a
boot-jack in order to protect the pipe. After this the casing
equipped by the toothed drive shoe was recovered. This at-
tempt lasted one or two days.

Only one event belongs to the fourth group. During HQ
core drilling the tool jammed and the driller could not pull it
out (in case of Borehole Üh–32D). The salvage of the tool
could only be carried out by hydraulic elevator, which
caused two days of delay.

For penetrating the collapsing zones of the boreholes the
tamping method used earlier (i.e. for stabilisation of the wall
of the hole by laitance) was not applied in this phase of the
exploration. For the penetration of those zones which caused
technological difficulties the previously mentioned flush-
ing fluid with a biopolymer basis was used. The exclusion of
the collapsing zones and of the zones above and below them
was assured by the fixture of a slitted technical device. Fol-
lowing the construction of the wells the technical devices
were unscrewed or cut at the previously allocated points, and
the sections above the cut were brought to the surface; only
the slitted devices remained in the hole (Table 4).

The slitted technical casing was equipped by a releaser
(a spacer with a large lead/pitch) which later allowed the un-
screwing of the pipe at a certain point and the raising of its
upper parts. The technical casing was unscrewed once in
Borehole Üh–25 and twice in Boreholes Üh–29 and Üh–30.
In the case of Borehole Üh–25 the technical casing (the size
of which was 114/102 mm) was left in the borehole in the
section between 210.71 and 228.20 m. In Borehole Üh–29
the 89/78 and 140/125 mm technical pipes were left between
200.20 and 231.30 m and 77.81 and 96.97 m, respectively. In
the case of Borehole Üh–30 the 89/78 mm and 132/124 mm
technical pipes remained in the hole between 207.35 and
240.00 m and 49.96 and 82.00 m, respectively. 

Pipe-cutting was carried out with the same purpose when
it was impossible to unscrew the pipes at the releaser. The
pipe was cut once in Borehole Üh–26, twice in Üh–28, once
in Üh–30 and twice in Üh–36. In Borehole Üh–26 the section
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of the 114/100 mm pipe between 207.83 and 268.95 m re-
mained in the hole after cutting. In Borehole Üh–28 the sec-
tion between 227.48 and 251.48 m remained in the hole from
the lower, 114/102 mm technical pipe, whereas with the one
from the upper 140/125 mm this was the case in the section
between 137.01 and 146.01 m. In Borehole Üh–30 the section
between 140.00 and 182.58 m was left in the hole from the
lower, 114/100 mm technical pipe. In Borehole Üh–36 the
section between 220.95 and 241.19 m remained in the hole
from the lower, 89/78 mm technical pipe, whereas with the
one from the upper 114/98 mm this was the case in the section
between 79.33 and 88.33 m.

The posteriorly developed liners (slitted casing fixed
specially) were applied for the close out of the collapsing
zones during the final completion of the hole structure,
using the following two methods:

The slitted casing was fixed by a spring centring ma-
chine in Borehole Üh–30. It was necessary because the
114/100 mm slitted technical casing got jammed at 182.58
m, so almost 9 m remained opened from the section which
should have been excluded. A 12.55 m long 89/78 mm slit-
ted casing was installed between 178.39 and 191.48 m. The
centring machine was pressed to the wall of the 96 mm wide
hole and fixed the casing at the exact point. The overlap be-
tween the two pipes secured the penetrability of the hole.

In Borehole Üh–26 a completely new casing inlay tech-
nique was applied. Essentially an approximately 10 cm wide
and several mm deep cutting was made in the sidewall of the
borehole with a special side-cutting tool. A coupling equip-
ped by a spreader and three cocks were fixed to the end of the
slitted casing. The head pushed the cocks into the cuts with
the spreader at the given section. Then the head was de-cou-
pled and brought to the surface (the casing can be brought to
the surface with an appropriate tool later if it is necessary). A
25.51 m long, 89/78 mm slitted casing was installed into the
borehole at the lower part, between 297.05 and 322.56 m,
where the hole diameter was 96 mm, whereas in the upper
part, between 180.54 and 188.90 m, a 8.36 m long 114/100
mm slitted casing was installed.

This technique worked well in practice. However, it can-
not be applied securely if another drilling tool is used in the
borehole after the installation, e.g. for cleaning the hole. Due
to shaking and beating (which are caused by the tools) the
casing could move. This happened even in case of this bore-
hole, but fortunately the measurements could be carried out
in it, and the multi-packer survey system could also be in-
stalled.

Examination of boreholes

Well-logging, hydrodynamic testing and water sampling
were carried out in the boreholes. After finishing drilling,
tracer and interference studies alongside additional down-
hole geophysical measurements, and also cross-hole seis-
mic measurements were carried out. Geological and tecton-
ic logging, core scanning and — partly — geotechnical doc-
umentation of the cores were completed.

Well-logging and hydrodynamic scan tests were always
carried out in the sections which were then open, when the
drilling was interrupted for different reasons or when the
drilling was completed. Complex geophysical well-logging
was carried out along the whole section of the borehole,
whereas acoustic well-logging was performed in the bed-
rock. The heat-pulse flowmetry (HPF) was made only in the
vertical boreholes, mainly in the bedrock (SZONGOTH et al.
2004). Among the hydrodynamic tests carried out by Golder
Ltd. scan tests were also made in the deep boreholes and the
borehole groups. Detailed tests and water sampling were
carried out based on the results of scan tests and HPF-meas-
urements (BALLA, MOLNÁR 2004). In the shallow boreholes
absorption testing and water sampling were carried out.

After finishing the drilling, multi-packer hydrodynamic
interference tests were carried out between the boreholes in
the Site with three different marker boreholes (Üh–5, Üh–2
and Üh–27). In the case of the borehole groups, tracer test
were carried out by tracers (Borehole Groups Üh–31, Üh–32
and Mó–7 — BALLA, MOLNÁR 2004).
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There were complementary geophysical survey in the
boreholes and cross-hole seismic tomography. Of them ELGI
(Geophysical Institute of Hungary) conducted seismic
(PSQ/PQ) and radar measurements in the borehole and cross-
hole velocity and absorption tomography (TÖRÖS et al. 2004).

In situ fragmentation measurements (RQD and Kiruna
measurements) were carried out on the drill core material,
as part of the technical supervision. During the processing
of the drilling core the Geological Institute of Hungary
(MÁFI) carried out detailed geological logging along the
whole profile, tectonic logging of the bedrock, and core
scanning in sections that had not been completely de-
stroyed (GYALOG et al. 2004). Following these analyses
MÁFI carried out systematic hydrogeological measure-
ments in all boreholes which were transformed into wells,
in the framework of long-term monitoring (ROTÁR-SZAL-
KAI et al. 2004).

Summary

During the ground-based geological exploration in
2002–2003 some 23 boreholes were completed. Their pene-
tration had several objectives including the enhancement of
the accuracy of the fracture zone revealed formerly by the
borehole Üh–2, enlargement of the Site, observation of
groundwater level in boreholes on hilltop, investigation of
subsurface zones below valleys and determination of trans-
port parameters of the granite.

The fracture zone of the Borehole Üh–2 was studied by
two boreholes (Üh–25 and Üh–36) inclined inversely to the
estimated dip of the fault zone. Both boreholes penetrated
the fracture zone proving it and really enhancing the accura-
cy of its position. Initially, the boreholes drilled for enlarg-
ing the Site (Üh–26, Üh–27 and Üh–28) provided informa-

tion in three directions on the enlarged area. Borehole
Üh–37 was completed for further extension of the Site and
north of Borehole Üh–27 furnishing the most promising
data by penetrating a monzonite rock sequence of harder
mechanical properties. Of the 6 boreholes on hilltop some
four ones were supplemented by groundwater observation
wells (Üh–25A, Üh–26A, Üh–28A and Üh–36A).
Concerning the investigation of subsurface zones below val-
leys 2 boreholes (Üh–29 and Üh–30) were set up in the zone
of upward flow near the valley floor. In order to determine
transport parameters 3 borehole groups were completed
with one central and 2–3 accessory boreholes by group
(Üh–31A–C, Üh–32A–D, Mó–7A–D).

Of the 3298.72 running m drilling 424.7 m, 451.74 m and
2422.28 m were penetrated by noncoring, dry and  flushed
coring techniques, respectively. They drilled 533.0 m and
2765.7 m Quaternary overlying beds and basement rocks
(granite complex), respectively. Core drilling proceeded in
overlying beds by using traditional techniques with single-
wall core pipe equipped by hard metallined crown, whereas
traditional or wireline double-wall diamond bore technique
was applied in the hard granite complex. Core recovery
never remained below 90%, it was mainly 95%.

Drilling activities were supported by technical supervi-
sion with the registration of each event occurring during
drilling. The technical supervisor was continuously avail-
able in the site where drilling activities proceeded adapting
to the 24 hour working regime of the contractor. During
drilling activities there was a need to rescue the objects left
behind in the hole, exclude the zones loosened after penetra-
tion and ensure the possibility of detailed post-drilling study
of the boreholes.

Both during and after penetration diverse geophysical,
hydrogeological and geological-tectonic studies on drill
cores were completed.
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