
EXPLORATION DRILLING AT THE ÜVEGHUTA SITE -  PROBLEMS AND EXPERIENCE

L á szló  G y a lo g * an d  G y u la  T u n g l i**

*Geological Institute of Hungary, H -1143 Budapest, Stefánia út 14. 
**Golder Associates Hungary Ltd., H-1021 Budapest, Hűvösvölgyi út 54.

Keywords: borehole, cementation, cores, drilling, Hungary, granites, Mecsek Mountains, radioactive waste, site exploration, unde
ground disposal

24 shallow (15-83 m) and 6 deep (300-500 m) boreholes were drilled in the Üveghuta site during the period 1997-1999.
Every borehole drilled through 20-60 m sedimentary cover and after that granites, with fractured zones. Hydrodynamic packer test

ing was made, and water samples were also taken. Drilling with clean water was one of the basic requirements in order to contractual 
obligations. More intensely fractured intervals could not be penetrated, thus drilling problems were encountered.

Cementing was a solution applied in the first phase of the first four boreholes, but it was only partly successful. Therefore we used 
bottom cementing when the clean water drilling became impossible, and we repeated it if necessary. Later the cemented intervals were 
opened by perforation (before performing the hydrodynamic interference packer tests). We used drilling mud during the second drilling 
phase (with the other two boreholes) instead of cementing, and the hole was fixed by lost technical casing. We have been striven to 
reduce the influence of the kind of mud and its usage upon the testing and water sampling. This seemed to be successful in testing, but 
we could not eliminate the mud contamination from the water samples.

1. Introduction

The site exploration for the disposal of low- and inter
mediate-level radioactive waste started in 1997 with detailed 
drilling activity in Üveghuta area (village of Bátaapáti, 
Balla 2000).

It is very difficult to identify the internal structure of 
the host granite, in particular the fracture system through 
which the pore water flows. Granites were only found in a 
few minor exposures (bottom of the river valleys and lower 
sides of them) due to the thick (20-60 m) sediment cover, 
so we considered exploratory drilling to be the best way for 
performing a proper data acquisition for geological and 
hydrogeological research. This small number of linear ver
tical sections assured the acquisition of geological and 
hydrological information about the granites briefly 
described below, from different depths of the potential 
hosting area.

Shallow and deep boreholes were drilled in the area. 
The aims of the shallow boreholes were to describe and to 
study the infiltration- and plume zones of the granite. The 
deeper boreholes were to find out the properties of the 
potential hosting mass of granite. The number and type of 
boreholes carried out in this region are connected to the 
phases of site selection and exploration as follows: 1997 -  
identification phase: 7 shallow boreholes; exploration 
phase: 8 shallow boreholes and further 4 borehole pairs;
1997-1998: 4 deep boreholes (Gyalog and Tungli 1998).

One hillside shallow borehole was performed separately in 
1998. In the second phase, a PHARE program sponsored 
the site exploration (Balla 2000) by two further deep 
boreholes, in 1998-99 (Gyalog and Tungli 1999).

The boreholes were drilled by Rotaqua Ltd. from Kővá
gószőlős and Geoprosper Ltd. from Balatonalmádi, using 
different types of drilling rigs (the types are: Üh-2 -  
ZIF-650, Üh-3 -  UKB-500, Üh-22 -  UKB-500 and 
Ingersoll Rand T4W, Üh-4, Üh-5 and Üh-23 -  Wirth B1A) 
due to the technical criteria and planned depth. For rea
sons of availability, a macadam road was built to the sites, 
and the drilling sites were covered by road metal.

The drilling process was under round-the-clock techni
cal control (Golder Associates Hungary Ltd.); the shallow 
boreholes under daily, the deep ones under permanent, 24 
hour, on the spot technical control using methods already 
applied in 1996 (Tungli and Gyalog 1997) and by a 
standing drilling site office. Technical control co-ordinated 
each of the field work in respect of the boreholes. Detailed 
daily reports as well as summaries were made.

The water for circulation during drilling was marked 
with tracer liquid, and the fixed concentration and gravity 
were tested three times a dáy. While pumping water before 
the water sampling, we were able to follow the decrease of 
tracer content, in other words we could attach real num
bers to the rate of use of the technological water. In the 
same way, we regularly measured the different parameters 
of the flushing liquid (pH value, conductivity, flow time



An overview of shallow boreholes for selecting and exploration of the repository site
Table 1

B o re h o le C o -o rd in a te s D rill in g
o p e ra tio n

p e rio d
(m o n th )

B o o to m  d e p th  fo r 
th e  in te rv a ls  (m )

T o p  o f  th e  g ra n ite  
(m ) W ate r

ta b le
(m )a rea n a m e X

E O V
y

E O V
Z

B altic
d ry

in te rv .
c o re

d rillin g
to ta l

d e p th
g ra n ite
ru b b le

g ra n ite

The shallow boreholes for siting
Hilltop boreholes

Üveghuta Üh-6 95,446.45 615,952.16 276.21 05/1997 60.45 80.00 82.50 57.2 60.45 76.55

Üveghuta Üh-7 95,188.98 615,488.13 269.92 04-05/
1997

55.00 69.00 71.55 46.6 55.7 -

Üveghuta Üh-8 94,545.68 615,300.21 270.13 05/1997 46.35 65.00 78.00 40.3 48.3 64.84
Boreholes in valleys

Üveghuta Üh-11 96,169.42 614,933.78 157.48 05-06/
1997

4.80 15.00 15.50 5.5 8.4 0.46

Üveghuta Üh-12 95,797.88 616,869.72 162.08 06/1997 5.10 15.10 17.80 3.5 5.1 2.96
Üveghuta Üh-13 95,205.38 615,032.78 178.34 05/1997 7.19 16.00 17.05 8.1 10.8 2.69

Üveghuta Üh-14 94,668.40 614,894.53 184.74 05-06/
1997 3.60 15.00 17.00 1.4 3.9 0.90

Shallow boreholes for exploration
Well-pairs

Mórágy Mó-5 99,049.51 617,766.84 123.50 07/1997 7.00 50.00 50.00 9.0 14.1 3.13
Mórágy MÓ-5A 99,047.53 617,763.18 123.54 07/1997 3.00 - 15.70 =Mó-5 2.90

Mórágy Mó-6 95,954.00 617,843.23 140.52 07-08/
1997 13.50 50.00 50.00 - 12.8 1.62

Mórágy MÓ-6A 95,948.80 617,841.86 140.68 07-08/
1997 10.70 - 15.50 = Mó-6 2.30

Üveghuta Üh-18 96,946.21 616,455.02 156.75 08/1997 12.00 50.00 50.00 9.5 17.0 0.38
Üveghuta Üh- 18A 96,945.01 616,451.34 156.82 08/1997 3.00 - 20.20 = Üh-18 1.02
Üveghuta Üh-19 95,436.79 614,656.18 166.46 08/1997 8.70 50.00 50.00 7.5 9.3 1.21
Üveghuta Üh-19A 95,433.91 614,657.72 166.52 08/1997 3.00 - 13.60 = Üh-19 1.38

Boreholes in valleys
Mórágy Mó-4 97,488.50 620,259.72 108.91 09/1997 6.30 23.20 25.07 1.2 5.3 5.86
Üveghuta Üh-9 99,084.95 616,528.98 130.32 09/1997 8.90 15.00 17.13 9.3 9.6 1.29

Üveghuta Üh-17 97,791.05 616,125.87 138.99 07-08/
1997 16.00 30.20 31.00 9.1 16.0 1.25

Üveghuta Üh-20 94,808.05 616,491.37 220.33 07-08/
1997 8.00 30.20 30.70 3.4 7.9 9.89

Boreholes in hillside of valleys

Mórágy Mó-3 97,151.97 618,300.61 167.27 08-09-11/
1997 19.00 40.50 44.00 16.8 35.5 12.60

Üveghuta Üh-15 94,254.40 615,220.63 201.05 08/1997 10.70 30.00 31.50 7.0 10.7 4.60

Üveghuta Üh-16 96,052.84 616,046.49 211.07 08-09/
1997 12.50 33.60 42.00 4.5 12.8 22.25

Üveghuta Üh-21 93,886.72 614,760.93 249.53 08/1997. 21.10 30.10 41.00 15.0 28.1 32.46

Üveghuta Üh-24 95,474.74 614,840.20 190.51 08/1998 17.10 60.2 60.2 12.6 16.0 n o
data

through Marsh-funnel, temperature, density). We also 
registered the drilling parameters such as rate of penetra
tion, bottom hole pressure, performance and pressure of the 
circulation pump. We made a brief geo-mechanical descrip
tion of the cores before laying them into the core box (RQD 
method according to Deere is the rate of unbroken pieces 
longer than 10 cm to the length of the drilled interval).

Below we will describe first the shallow then the deep 
boreholes, later summarising our drilling experience and 
drawing conclusions.

2. Shallow boreholes

At first, the shallow boreholes helped the selection of 
the radioactive waste disposal site by mapping the cover 
sediments on the hilltops and the plumes of the valleys. 
Later on the purpose of drilling on the candidate site and 
in its vicinity was to gather information about the water 
flow. We analysed two different levels by the well-pairs. 
Each of the boreholes was turned into an observation well, 
equipped with plastic filter casings, using gravel. In some



of the cases the upper horizon was isolated by casing and 
the lower remained open. The most important data are 
shown in Table 1.

3. Deep boreholes

The first 4 boreholes were carried out drilled simulta
neously (between September 1997 to February 1998) and 
started at the same time within an area of 600><300 m of 
the selected site area (Figure 1). The four boreholes formed 
two triangles. Borehole Üh-2 originally planned to 500 
metres (finally stopped at 381.90 m) was drilled on the 
longer axis of the site area. The three 300 m deep boreholes 
(Üh-3, Üh-4, Üh-5) were located on the other three cor
ners of the triangles.

Between November 1998 and March 1999, in the second 
phase of the research period, two further deep boreholes 
were drilled (Üh-22 by 500 m and Üh-23 by 300 m total 
depth) in order to carry out deeper exploration of the site.

The new boreholes were planned to be drilled in a SSW 
and NNW direction from Üh-2, each at a 100 m distance 
(Figure 1).

The general data of boreholes on Üveghuta exploration 
area are described in Table 2.

After the second drilling phase, interference tests were 
performed in-between each of the 6 boreholes (the signals 
came from Üh-22 and were registered at intervals separat
ed by 5 packers in each of the remaining 5 boreholes). The 
lower segments of the first four boreholes completed more 
than one year ago had more or less collapsed, and therefore 
they first had to be cleaned. After finishing these tests a 
packer-based monitoring system was installed into certain 
boreholes.

Unfortunately, certain processes influenced the log
ging, testing and core sampling due to the drilling technol
ogy, which presently is rotary drilling by flushing in grani
toids. The influence of the drilling technology upon sam
pling and testing can be kept the lowest when clean water 
circulation is applied. However it was impossible to drill 
the planned boreholes just by applying clean water, and 
still reach the planned bottom depth. However each com
monly used technique focuses on the rate of progress first 
of all, and does not consider the effect it might have on

measurements and information collecting. This is why we 
think it important to stress the efforts firstly to use the 
impractical clean water drilling followed by making com
promises and using less clean techniques.

The sections following will describe general characteris
tics of the boreholes, after which we will present details of 
drilling, then individual specifications will follow for each
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1___________ I___________ L

Forestry road 
Erdészeti út

Shallow borehole, 1997 
uh_6 1997. évi sekélytúrás

Macadamised road
--------  Mélyfúrásokhoz

épített út

Candidate site 
□  contour

Kijelölt telephely

Deep borehole, 1997-1998 
Uh"4 * 1997-98. évi mélyfúrás

Deep borehole, 1998-1999 
Uh-23* 1998-99. évi mélyfúrás

Depth of the borehole (m) 
3 0 0 . 1 0  p y r g S  mélysége felszíntől (m)

Figure 1. Location of the boreholes drilled on the Üveghuta 
candidate site

1. ábra. Az üveghutai mélyfúrások helyszíne

General data on deep boreholes

Borehole Co-ordinates (EOV) Drilling 
period (month)

Top of the gran
ite from ground 
elevation (m)

Water 
table 

(m bgl.)

Total depth 
(m)

area name X y z rubble granite dry whole
Üveghuta Üh-2 95,178.69 616,014.27 280.11 09/1997-02/1998 54.00 55.90 no data 55.80 381.90
Üveghuta Üh-3 94,999.11 615,919.06 279.70 09/1997-01/1998 49.10 50.10 58.82 50.14 300.10
Üveghuta Üh-4 94,987.55 616,111.21 246.43 09/1997-02/1998. 19.70 21.20 33.28 34.44 300.19
Üveghuta Üh-5 94,828.32 616,006.77 281.24 09/1997-01/1998 52.50 60.50 50.44 53.48 300.88
Üveghuta Üh-22 95,096.93 615,992.71 281.39 11/1998-03/1993 56.60 62.50 68.80 54.00 500.77
Üveghuta Üh-23 95,275.97 615,968.97 277.19 11/1998-01/1999 59.10 60.20 65.40 59.14 300.48
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borehole, and finally a drafting of the solutions for specific 
technical problems is given.

3.1. General characteristics of the deep boreholes

These boreholes were drilled by continuous coring. In 
the first interval the basic criteria were to have them circu
lated with clean water in order not to interfere with the 
borehole testing and geochemical analysis. Planned mini
mal core diameter down to 300 m was 96/63.6 mm (HQ), 
below this it was 75.8/47.6 mm (NQ). The coring was car
ried out with the above or larger (between 101, 110 or 116 
mm) diameter, in shallow intervals partly with traditional 
methods, while below 100-150 m mostly with wire-line 
technology. In the loose covering sediments, drilling was 
done by tungsten carbide insert bit and into hard granite by 
impregnated diamond drill bits. It was only in Uh-5 and 
just below 202.75 m that we applied a smaller diameter 
(75.8 mm) than that which was originally planned. The 
reason for this was to avoid cementing in the fractured 
zones, so therefore we had another casing put in. Since the 
petrophysical properties of the rocks were favourable, in 
Uh-2 we managed to drill with the bigger (96 mm) diame
ter down to 364.20 m (after cementing down to 375.50 m). 
We drilled with this large diameter (96 mm) in Uh-22 after 
crossing a crushed zone, down to 318.06 m (Figure 2).

The core recovery, without the crushed intervals, almost 
always reached 95% (this was true sometimes even with the 
crush zone), with the exception of Uh-5 which stayed 
below (Table 3).

After drilling, we did the correct, complex geophysical 
measurements for the open hole segments, before the ce
menting and casing process. We also performed tele-acou
stic measurement if the hole was drilled into hard rock. 
While testing the boreholes we did hydrodinamic scan tests 
by packer every 10 meters. First we performed pumping for 
a long period in order to avoid the effects of the circulated 
drilling water, then from the marked intervals, we collected 
water samples and we carried out detailed tests. In the 
upper portion we also did water table measurements.

Drilling for the first period began in September 1997. 
The were delayed, because they crossed larger and more 
numerous fractured zones in the granite than had been

The co

expected. The first two Boreholes Uh-3 and Uh-5 was fin
ished in December 1997 (if we include the testing by pack
er, then in 1998), while the other two, Uh-4 and Uh-2, this 
latter stopped at 381.90 m before reaching the planned 
depth, were finished in February 1998. We applied the best 
drilling technology to get over the crushed zones. If we did 
not manage to penetrate them, we used cementation or cas
ing depending on circumstances. This had to be done after 
the hydrodynamic testing by packer had been carried out. 
Since it was impossible to guarantee that the activity of 
water introduction or extraction has an influence upon a 
neighbouring borehole, all activities in the rest of the bore
holes (drilling or pumping) were stopped for the test period.

The second period drilling started in November 1998 
and ended by January or late March 1999. With these bore
holes, based on our experience with the first boreholes, we 
introduced a larger-diameter casing. All this was done after 
penetrating the loose sediments and after enlarging the 
borehole diameter. This was done in order to have different 
diameter casings in the later phase, when meeting difficul
ty during clean water circulation boreholes. With these two 
boreholes we expected four possible casings of different size 
in diameter to three permanent casing placement. Uh-23 
did not cross any crushed zone with might have caused 
drilling problems, with the other one however (Uh-22) we 
were prepared for this possibility (Figure 2).

Boreholes on the hilltop cut some 50-60 m of cover sedi
ments (soil, loess, paleosol with variegated- and red clay, 
granite gravel). It was only the Borehole Uh-4 on the hill
side that intersected sediments about 20 m wide (Table 2). 
This phase was drilled dry (with conventional technology 
and cut with a hard metal bit) because we wanted to avoid 
water loss as well as soaking of the hole thus causing insta
bility. If necessary, while drilling these several metres, we 
could build in conductor casing. When the hardness of the 
granite or the water table did not allow us to use dry tech
nology, we changed to clean water circulation rotary drilling. 
After we had penetrated 10 m into hard granite we placed 
casing by cementation.

Below the cover sediments, each of the boreholes was 
drilled in granite down to the bottom depth. In these drilling 
intervals we used the RQD value for on-the-spot measure
ment of general characteristics for the fracturing/geo-

Table 3
recovery

Borehole Dry drilled intervals
Interval drilled by fluid 

flushing without the 
crush zones

Crush zones Number of 
crush 
zones

Total drilled

location name length recovery
(%)

length recovery
(%)

total
length

recovery
(%)

length recovery
(%)

Üveghuta Üh-2 55.80 100.00 290.80 99.51 35.30 73.23 1 381.90 97.15
Üveghuta Üh-3 50.14 97.95 228.21 96.00 21.75 91.45 2 300.10 95.99
Üveghuta Üh-4 34.44 89.31 233.17 98.76 32.58 35.54 4 300.19 90.81
Üveghuta Üh-5 53.48 93.46 211.98 89.67 35.42 49.68 1 300.88 85.32
Üveghuta Üh-22 54.00 100.00 391.49 95.17 55.28 89.07 4 500.77 95.02
Üveghuta Üh-23 59.14 99.90 237.54 97.57 3.80 88!42 5* 300.48 98.23

‘ T h e  le n g th  o f  fo u r  z o n e s  less  th a n  o n e  m e tre .
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mechanical properties. This will clearly indicate the frac
tured zones in the granite. We also registered the technical 
and mud parameters on diagrams. This is shown in Figure 3 
representing Borehole Uh-3.

The granite is more or less fractured. When drilling 
with clean water, the hole began to collapse in every bore
hole just above the fracturing level, so therefore collapse 
zones of different size occurred (Table 3). Penetrating 
these with the required technical specifications was usually 
difficult. (Collapse of these zones is due to both technical 
and geological reasons; drilling bit, hole diameter and 
flushing-fluid properties, debit, the revolution of the bit — 
all these have to be considered during the interpretation). 
The final structure of the boreholes and their relationship 
to the collapse zones is represented in Figure 2.

In the first phase boreholes we tried to solve this prob
lem by cementing in an ultimate case. Cement slurry was 
placed without pressurisation along those borehole sec
tions where clean water circulation drilling became impos
sible. We even repeated cementing when necessary. Later 
on (before carrying out hydrodynamic interference packer 
tests) we opened cemented intervals by perforation.

In the second phase boreholes, instead of cementing 
the fractured zones we penetrated them by casing and 
special mud usage so as not to damage the tests and water 
sampling. This proved to be successful with the tests, but 
with water sampling mud influenced certain types of analy
sis.

With intermediate casing, the reaming was made by 
roller-bit, while in the second phase by drill hammer. The 
latter made penetration quicker and since the reaming 
direction was correct, the axis of the reaming remained par
allel to the original borehole axis.

Table 4 shows the chronological sequence of drilling 
and test phases. It is clear that no more than half of the

activity time is waiting time caused by various reasons; 
moreover, as for real drilling activity it is only 50% effective 
coring (the only exception which practically had no col
lapse zones was Uh-23). The rest of the activity was aimed 
mostly at stopping the collapse of the zones, as well as 
work connected to casing cementation. Figure 4 shows the 
drilling schedule, specifying Uh-23 as an example.

3.2. Characteristics of boreholes

The principal goal of the boreholes was to analyse the 
internal structure of geological units, and to obtain infor
mation about the flow system of fissure water from the 
fractures of the granite basement. The drilling cores guar
anteed direct knowledge of the granite structure, and indir
ect information was obtained by geophysical measure
ments. One method to get information about water-flow 
system, which has an important role from the point of view 
of repository, is the water sampling. The another ones are 
the several in situ hydrodynamic measurements. The chem
ical and isotope-geochemical results of water samples (one 
of them is the age determination) are very important infor
mation.

Nevertheless the fissure waters form a mobile medium 
— which is dynamic, easy to handle and forms a vulnerable 
spatial system — because it is affected by exterior factors 
during the drilling and testing (partly from the applied 
flushing technology due to the contamination with drilling 
mud and partly from the water production completed for 
different analyses, which generated a water flow along the 
borehole). Due to this effects a lot of irreversible processes 
took place.

Our goal was to analyse the real, “original” characteris
tics of the system with filtering out these external effects to 
gain knowledge about the real geologic framework. To do

Schedule of drilling activity (day/%)
Table 4

Borehole name Ü h-2 Ü h-3 Ü h-4 Ü h-5 Ü h-22 Üh-23
Drilling activity

Core drilling 40.0/24.9 28.0/23.5 43.0/28.1 20.5/17.8 58/28.0 34.0/36.6
First casing (reaming, casing, 
cementing) 4.5/2.8 5.0/4.2 4.5/3.0 4.0/3.5 6.5/3.1 8.0/8.6

Additional activities (hole cleaning, 
reaming, casing, cementing etc.) 36.5/22.7 17.5/14.7 28.5/18.6 18.0/15.7 49.5/23.9 7.5/8.1

Borehole completion 2.0/1.2 2.0/1.7 2.0/1.3 2,0/1.7 2.0/1.0 2.0/2.2
T otal o f  d rillin g 8 3 .0 /5 1 .6 5 2 .5 /4 4 .1  ' 78 .0 /5 1 .0 4 4 .5 /3 8 .7 1 1 6 .0 /5 6 .0 5 1 .5 /5 5 .4

Waiting time
Packer tests, (water sampling, water- 
table measurement) 38.0/23.6 29.5/24.7 26.5/17.3 32.5/28.2 41.5/20.1 26.0/27.9

Geophysical logging and hole monitoring 5.5/3.4 6.5/5.5 4.0/2.6 2 .512 .2 11.5/5.6 1.0/1.1
Activity in a neighbouring hole 10.5/6.5 1.5/1.,3 7.5/4.9 7.0/6.1 11.0/5.3 1.0/1,1
Other type of waiting (national holi
days feast, announced pauses e tc .) 24.0/14.9 29.0/24.4 37.0/24.2 28.5/24.8 27.0/13.0 13.5/14.5

T otal w a itin g  tim e 7 8 .0 /4 8 .4 6 6 .5 /5 5 .9 7 5 .0 /4 9 .0 7 0 .5 /61 .3 9 1 .0 /4 4 .0 4 1 .5 /4 4 .6
Total drilling time 161.0/100 119.0/100 153.0/100 115.0/100 207.0/100 93.0/100



U h-23

Figure 4. Time versus depth diagram of Borehole Uh-23

4. ábra. Az Üh-23 fúrás idő-mélység diagramja

this, and to minimise the external effects we avoided using 
drilling mud and favoured clean water flushing, using water 
from a pre-selected water well (with deep water table). We 
have traced the “technological water” (drilling fluid), by 
spiking it in a low concentration (1 g/t) with an easy, rapid
ly and simply definable fluorescent material (sodium-fluor
escein, or “uranine”). We did this because during water 
sampling from the borehole we wanted information about 
the ratio of “technological” flushing water to subsurface water.

Clean water flushing was the guiding principle in the 
first phase of the drilling. As long as we drilled the massive 
granite we had no problems with the drilling technology. 
Depending on the number of fissures, all transitions were 
present from hard rock to tectonically crushed zones. In 
places where the number of fractures reached a certain 
level, cavity wash out began, depending on the drilling tech
nology and diameter, and the flushing water was unable to 
transport the bigger drilling cuttings to the surface trough 
these cavities. These loose, fissured and unstable zones

caused problems in the boreholes, from which the rock 
material fell down and accumulated on the bottom of the 
borehole, in many cases accumulating in deposits of debris 
several metres thick on the bottom.

We see that these are tectonic zones with fissured and 
fractured rocks, in which the fractures between rock frag
ments are filled with clay or other soft sediments like car
bonates. Open fractures can be seen occasionally. The rock 
material continuously rolls down under the influence of 
mechanical and vibrational stresses, and due to the clean 
water flushing. At the same time we have not observed 
drilling-fluid loss in these zones and, according to the 
hydrodynamic tests, their water conductivity does not dif
fer significantly from the intervals without any drilling 
problems.

Regarding the quantity of soft filling material, it is sig
nificant that the clean water flushing washes out partly or 
entirely the filling clay material as a result of the mechani
cal shearing stresses arising when drilling. As a result of
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Figure 5. Sketch of the problem of core drilling with clean water flushing -  accumulation of debris along crush zone

5. ábra. Az öblítés hatása a lyukfalra — a törmelék felhalmozódása az omló szakaszban

this process, the core often broke up, and all we recovered 
as a core was gravel like “rock debris”. During the drilling, 
the high flow rate of upward-moving drilling fluid is in 
direct contact with the hole wall, destroying these zones 
continuously. When a greater cavity is formed the trans
port capability of the water flow ceases because the veloci
ty of the up-flowing fluid in this significantly greater space 
— like in the core of a cavern — decreases almost to zero 
and drops the transported cuttings. This is compounded by 
the formation of different turbulent flows in the cavern, 
which are opposite in direction to the updraft water flow 
{Figure 5). All this means that the clean water flushing 
could no longer transport the drilling of the diamond drill 
to the surface. Even if the “rolling” of caverned material in 
the wall hole ceases, the greater grain-size fraction from the 
hole wall collapsing and rolling could rise up to the top of 
the cavity where it remains in suspension by the flushing. 
The coarse fraction of drilling cuttings is suspended during 
flushing but during sudden, momentary cessation of flush

ing (e.g. tool joining) re-deposits on the bottom of the hole 
again. This involves the risk of tool jamming and the shut
ting out from the borehole. This problem is simply and cor
rectly manageable with the proper selection of the drilling 
mud.

In the first period of the exploration — primarily for 
geochemical purposes -  we insisted on drilling with clean 
water flushing, however, when drilling through such diffi
cult intervals we have to look for acceptable solutions. 
Fundamentally we have used two methods:

1. In optimal cases we could drill a given zone totally 
with one borehole cleaning. Then we under-reamed 
and cased the hole. Behind the casing the water 
flows further on and the casing zone -  as a whole, 
which could not be sub-divided into more sections — 
remains examinable.

2. In case this solution was not possible, we applied a 
plug cementation on the bottom of the borehole 
after the hydrodynamic tests and the water sampling.



Where needed we repeated the cementation many 
times. The injected cement slurry incorporated the 
rock fragments, which could not be flushed away 
and filled the caverns and then becomes hard. In 
such a way the unstable hole wall is stabilised by the 
cement and concrete packing. After the cement 
hardens we drilled the cement plug and the borehole 
could be continued.

On the basis of our experience the disadvantage and the 
risk of the two methods sketched above is that the casing 
version even in short (a few metres) zones is very doubtful 
and ineffective. The deposition of debris on the bottom of 
the borehole during clean water flushing could not be 
treated where the rolling intervals were longer than 5 m or 
in case of a shorter interval, but with a zone where the cav
ity could develop easily. Use of cement slurry to stabilise 
the hole wall is a very drastic method and could cause irre
versible effects from the point of view of investigation. The 
cement slurry penetrates to different depths, and closes the 
fractures or fissures, i.e. all the pathways of water flow, not 
only in vicinity of the hole wall, but also in the wider sur
roundings of greater fractures. We tried to artificially 
restore the accessibility to the rock and fissure water by 
perforating the cemented interval (with cumulative charges). 
However, we have not got any results concerning the suc
cess of this procedure, the degree of accessibility of cement 
column, or about the opening of rock fissures which are 
supported by measurements.

During the cementation (both in case of the casing col
umn cementation or the hole-bottom plug cementation) we 
did not add any additives to the cement. After unfavourable 
cement setting experiences during the first phase we used a 
special aluminate cement (French made “Fondu Lafarge” 
cement) in the second phase for the primary cementation 
of the casing. The setting time of this cement is about 10 
hours, which is significantly shorter than the 72 hours set
ting time of the “Portland” type cement used previously. 
Besides this it is a more stable cement, and the salts intro
duced with it dissolve in less amounts in water. This type of 
cement is widely used outside of Hungary in similar geo
logical investigations. We used “Portland” type cement 
only for filling the uppermost part of annular spaces.

When drilling the first interval — using clean water 
flushing -  we penetrated two such problematic zones on 
average per borehole, and in at least one case the proper 
stability of the hole wall could be secured only with cemen
tation. The cementation could be replaced by casing only 
in the case of Borehole Üh-5 (using a smaller casing diam
eter than the value figuring in the technical plan of the 
borehole).

In the second phase of exploration we would have liked to 
avoid cementation and we renounced drilling with clean 
water as the only acceptable method. We looked for drilling 
mud with advantageous drilling properties for penetrating 
these zones, which would not cause problems from the 
point of view of drilling technology.

The technology which suited our special technical aims

meant using drilling mud with a unique composition. This 
is the Xanthan (Rhodopol) bio-polymer suggested by 
experts from Kummi Laboratories, Szolnok, of Mol Co. 
(Hungarian Oil and Gas Company). The drilling fluid made 
from this polymer is free from solid components, and its 
composition and chemical properties do not affect the geo
chemical investigations. On the other hand, it has all the 
necessary rheological properties, which guarantee the per
fect handling of collapsed intervals (proper transport of 
drilling cutting at varying flow rates), while the drilling 
fluid forms a layer-like, thin film instead of thick mud cake 
on the hole wall. We support the wall of the borehole by 
filling the borehole with drilling mud, which help us to pre
vent the subsequent rolling and collapses. Finally, the mud 
can be decomposed using oxidant materials and in such a 
way it can be removed from the borehole. The rheological 
properties were set on the site using VG type viscosimeters. 
The drilling mud was made using the following recipe: 5 kg/m3 
Rhodopol, 0.5-1 kg/m3 sodium benzoate, 0.5-1 kg/m3 amy
loid. The role of sodium benzoate is to prevent biological 
(bactériologie) degradation. The original function of amy
loid (Poly-Star) is to control the filtering out of fluid (the 
water loss), but in our case it helped mostly to reveal the 
polymer components.

In this phase of exploration — beside the clean water 
flushing -  other zones with technological problems 
occurred during penetrating the granite in Borehole Üh-22 
(in Borehole Üh-23 we did not use drilling mud). The tec
tonic zones appeared with insignificant core loss, with 0% 
RQD values, with fractured, fissured rock types and with 
increasing bottom deposition. Of these, four zones looked 
impossible to drill using conventional methods: the drill 
cores came out in one piece from core barrel but along the 
countless fractures they broke into pieces in the core tray. 
In each of the zones we met soft argillaceous, carbonate 
fillings. Taking into consideration our experience from pre
vious boreholes, we decided to use bio-polymer drilling 
mud. A critical point was to prevent cavity forming on the 
hole wall because it could cause a problem during drilling. 
During the penetration of these zones we had to change 
over to the drilling mud in the collapsing intervals. We 
drilled using mud from 318.06 m to the final depth of
500.77 m, in order to accelerate the finish of drilling.

We used the drilling-mud flushing so long we were not 
sure on the basis of drill core that we recovered if the clean 
water flushing would be correct and sufficient to drill the 
rocks further on. Before every new drilling-mud usage, we 
completed the hydrodynamic testing, water sampling and 
geophysical logging to a given depth. In every case when we 
drilled back into unweathered granite we went back to the 
clean water flushing with continuous dilution of the drilling 
mud. When we finished the drilling we tried to break down 
and remove the bio-polymer drilling mud (with the intro
duction of a low-content hydrogen-peroxide solution [ 1.4%] 
in the borehole and we changed the neutralised fluid with 
water after a four hours expiration time). We succeeded in 
neutralising the fluid, but after this process the hole wall



became unstable and in the zone without casing at about 
380 m depth it collapsed. After cleaning the hole with new 
drilling mud we performed the packer tests using bio-poly- 
mer drilling fluids.

3.3. The individual characterisation o f the deep boreholes

In the following we briefly describe the characteristics 
of drilling the individual deep boreholes, noting the main 
points, and their final down-the-hole equipment (Figure 2).

Borehole Uh-2 was one of the most important deep 
boreholes of the site (with a total depth of 381.90 m instead 
of the planned 500 m). The borehole advanced without any 
problem as deep as 346.6 m in hard rocks (without crush 
zones). At this depth at reached a huge crush zone, in 
which we could penetrate until 364.10 m with smaller and 
bigger hole cleanings. We decided to effectuate a hole-bot
tom cementation after an unsuccessful hole cleaning. Due 
to technical problems from the crush zones, and due to the 
financial constraints on eliminating these technical prob
lems, the drilling stopped at 381.90 m after four cementa
tion and casing trials. The tectonic zone penetrated by this 
borehole is the biggest from the site, and its evaluation 
could significantly affect the perspectives of its immediate 
surrounding. From the technical parameters of the bore
hole the core recovery was 100% till 360 m, and the RQD 
values also gave a favourable picture. The diagram of drill 
advance shows a very hard bed between 120 and 160 m (in 
accordance with the RQD diagram), with an advancing 
rate of 50 minutes/m.

The borehole was relatively stable and consistent pass
ing over the interval below the plug cementation at 346 m. 
We perforated the cemented interval for final ¡well comple
tion. During this operation we perforated the hole wall 
securing cement column and the cement plug using four 
charges with a different phase-angle. The perforation was 
perpendicular to the hole axis and in a radial direction 
made one, at least 40 cm long, hole with a diameter of 14 
mm. A direct interconnection between the borehole and 
the rock volume was established, separated by the cement 
column through these holes. This has significant role pri
marily in the case of rapid pressure transmission during 
interference tests. We have not got any directly measured 
data about the efficiency of the opening of the cement col
umn with perforations. The borehole was freely accessible 
till 375.85 m during the interference tests.

Borehole Uh-3 was drilled with only minor difficulties 
down to 166.30 m. During the drilling it closed smaller tec
tonic zones due to the built-in casing as deep as 89.93 m. 
Subsequently, the lowermost 80 centimetres of casing slipped 
down, and to fix it we applied a hole-bottom cementation 
along the interval above the bottom of the casing from 
107.7 m. The borehole reached a tectonic zone between 
161.60 and 164.95 m. We could eliminate this zone after 
several drilling trials and intermediate packer tests applying 
hole-bottom cementation and building a technical casing in 
at 173.68 m. From that point the drilling advanced quickly

and without any problem to the total depth of 300.10 m. 
Apart from the interval between 166 and 173 m, there were 
no other difficulties during the drilling.

Figure 2 shows the final down-hole equipment in which 
the two hole-bottom cementation can be seen, which 
unfavourably influenced the hydrodynamic tests of the 
hole wall. It is worth mentioning that the core loss on the 
basis of the technical parameters (Figure 3) was higher in 
the interval between 60 and 110 m, with smaller tectonic 
zones than in the most problematic interval between 150 to 
180 m of the borehole. The RQD values show better the 
crushed character of the last zone. The increasing values of 
pH and conductivity called our attention to the dissolution 
of poorly hardened cement, behind the lowermost slipped 
down casing (as was also demonstrated by the geophysical 
logging). We have not encountered this phenomenon in the 
other boreholes. The down-hole equipment from the bore
hole assured a secure accessibility. We opened the lower
most cemented part of the hole wall by perforation before 
carrying out the interference tests. The borehole was freely 
accessible after the completion of the hydrodynamic tests 
down to 285.5 m.

During the drilling of Borehole Uh-4 there were only 
minor problems up to the first tectonic zone from 96.23 m. 
We could not penetrate this zone, and we used hole-bottom 
cementation. The advance of the drilling was good as far as 
the second tectonic zone (124.76 m). The drilling became 
slow in the crushed zone, which lasted down to 136.30 m. 
Hole-bottom cleaning proved unsatisfactory to drill ahead, 
so we built in technical casing. Then we succeeded to drill 
ahead with some difficulties, but finally we reached the 
depth of 176.56 m. At this point the drilling tool remained 
in the hole and the wall above collapsed. We reamed the 
hole using bentonite mud for fishing, and after reaming we 
built another technical casing string in. After that we 
drilled the hole ahead as deep as the total depth of 300.19 
m. The drilling problems proved continuous during the 
drilling of the interval between 90 and 180 m. After the 
hole-bottom cementation of the interval above 96 m we 
had to leave the interval between 120 and 180 m cased with 
final down-hole equipment. The drilling speed increased 
only below 250 m, since in the highly fractured rock only 
the wire-line tool with HQ diameter was appropriate for 
advancing, and we succeeded to drill ahead at the technical 
edge of drilling ability.

The borehole was freely accessible till 185.5 m before 
interference tests, and with building drilling tools in and 
using bio-polymer drilling fluid we could properly clean 
and make the hole accessible. The hole became reliably 
accessible down to 297.7 m.

During the drilling of Borehole Uh-5 -  after the inter
val penetrated in dry conditions -  a quartz dyke and an 
argillaceous tectonic zone was hit on the top of granite. We 
reached a depth of 85.29 m with the alternation of dry and 
flushed intervals. We could hardly advance in the fractured 
and fissured zone down to 182.5 m, below the built in and 
cemented casing at 82.50 m. At this depth — after comple



tion of packer tests -  we built a technical casing of 114-112 
mm in till 175.59 m. Advancing with difficulties in the 
zone and building the casing in we reached a depth of
202.72 m. At this point we built a 89 mm casing in, and 
drilled ahead with a diameter of 75.8 mm down to the total 
depth of 300.88 m. We built the casing out — with excep
tion of the lowermost interval, which secured the stability 
of collapsing hole wall — and in such a manner that we 
could guarantee a free hole wall on the uppermost intervals 
for the packer tests. The diameter of the borehole from
202.72 m was 75.8 mm. This did not favour the packer 
tests, but had the great advantage that we did not have to 
cement the hole. In such a way with building a technical 
casing with a diameter of 89 mm we could penetrate the 
tectonic zone and we could leave the casings as lost casing 
string in the hole at the worst, wasted, unstable intervals. 
The core recovery to a lesser extent, the ROD values to a 
greater extent reveal the tectonic zone between 170 and 
206 m. We experienced water loss in the hole before casing 
the interval between 71 and 90 m, and during drilling the 
zone with the main problem between 180 and 190 m.

We could make the hole accessible before interference 
tests by cleaning the interval between 235.2 m and the total 
depth of 300.36 m and using bio-polymer drilling fluid.

Borehole Uh-22 was drilled in dry conditions, with a 
tungsten-carbide insert bit and with a single-wall core bar
rel down to 54.00 m. The borehole was drilled further on — 
after reaming and building the technical casing string in — 
with flushing, diamond core bit, double-wall core barrel 
and traditional technology down to 89.58 m. We built a 
final casing and we cemented after reaming. From 89.58 m 
we drilled with HQ diameter (96 mm) and tool and wire- 
line coring technology down to 318.06 m. We succeeded in 
solving the crush zone problems with clean water flushing 
down to 198.91 m. At this depth the continuous collapsing 
of the interval between 179.5-187.0 m became unmanage
able. We tried to use the bio-polymer drilling mud at this 
point for first time. After cleaning and drilling ahead we 
went back to the clean water flushing at 213.29 m until the 
cleaning proved to be unsuccessful at 246.15 m due to a 
crush zone from 236.6 m, and it became necessary to use 
again the drilling mud. We cased at this point after reaming 
the upper crush zone with technical casing string down to
191.78 m in order to prevent the problems occurring with 
clean water flushing drilling (while keeping the possibility 
to effectuate the packer tests in the intermediate interval). 
After ,a successful borehole cleaning and drilling ahead to 
256.51 m we drilled again with water flushing till 279.59 m, 
when due to the intensive collapsing of the interval 
between 236.6-254.6 m water-flushing drilling became 
impossible. After repeated borehole cleaning and drilling 
ahead we changed to water flushing drilling at 282.04 m, 
which proved to be good down to 289.80 m. Debris started 
to fall in the hole from this point, not only from the upper 
interval, but beginning from the 283.5 m depth. Using a 
new drilling fluid and working up the debris we drilled till 
318.06 m in order to by-pass the zone which ranged to

308.3 m. Then we cased the hole with technical casing 
string. Before changing to drilling mud we made the hydro- 
dynamic investigation with scan (short-duration) tests at 
every occasion possible up to the above-mentioned inter
val, and occasionally with detailed (long-duration) tests 
and water sampling. To eliminate the effects which might 
hinder the performance of the possible subsequent zones, 
the borehole was drilled from 318.06 m to the total depth 
of 500.77 m using drilling mud, NQ diameter (75.8 mm) 
and-tool (with wire-line technology). The debris of the tec
tonic zone penetrated between 381.5-386.5 could be treat
ed with drilling mud during the drilling. We changed the 
drilling mud to water again when we reached the total 
depth of 500.77 m.

At well completion we planned to exclude the collapse 
intervals with casing before the forthcoming hydrodynamic 
tests (we made an effort that the length of the casing inter
val should be as short as possible at zone exclusion with the 
casing string). We initially pulled out the technical casing 
string built in down to 318.00 m, but it broke off at 231.76 
m. After pipe-cutting trials during the fishing attempts, the 
interval between 240.70-318.00 m remained cased further 
on. The final down-hole equipment was established with 
the cutting at 178.00 m of 140 mm casing string built in till
191.78 m (and with pulling of the upper part out). Before 
the subsequent hydrodynamic investigations (interference 
tests) we closed the annular space which remained behind 
the casing between 240.70-318.00 m (for individual inves
tigation of the lowermost interval). To do this we perforat
ed the intervals between 289.0-286.0 m and closed the 
annular space with bentonite at the bottom and cement at 
the top (see section 3.4.2.). In such a way we made the 
hydrodynamic investigation possible, along with water sam
pling of the borehole interval behind the casing string 
between 288.52-318.75 m, from the cement plug and cas
ing shoe.

Borehole Uh-23 was drilled in dry conditions, with a 
tungsten-carbide insert bit and with a single-wall core bar
rel to 59.14 m. The borehole was drilled to 90.04 m with 
flushing, diamond core bit and double-wall core barrel and 
traditional technology after reaming in dry condition and 
building the technical casing string in. We built a final cas
ing and cemented after reaming with hammer drill from 
90.04 m to 130.57 m using traditional technology (during 
reaming a minor problem occurred, because we had to sub
sequently straighten out the wall of the borehole). We 
drilled ahead from this point with HQ diameter and tool, 
and with wire-line coring tool till 300.48 m. Between 90.04 
and 300.48 m, the drilling process was interrupted after 
every 40-50 m of progress in order to perform short-dura
tion slug tests. This borehole was the only one which did not 
penetrate collapse zones of significant thickness. During 
the drilling we had no technical problems. The stable wall 
made it possible for the hole to stay open during all the 
tests further on in the whole granite interval.



3.4. Solving individual technical problems

Individual technical problems arose during the drilling 
activity, which we could solve with fishing, pipe cutting and 
annular space closing.

3.4.1. Fishing

Minor fishing jobs have occurred in each borehole dur
ing coring when the HQ drilling stringhad been broken, but 
the broken stringcould be recovered quickly using fishing 
tap at every turn and without any problem.

The more significant fishing jobs which lasted a few 
days were the followings: At reaming Borehole Uh-3 the 
drill collar remained in the hole at a depth of 140 m and it 
could be saved only after a few day attempts. The stopping 
of Borehole Uh-2 was linked to a fishing, which became 
necessary when a casing remained in the hole. In case of 
Borehole Uh-22 we could not pull out a technical casing 
jammed in the borehole. Due to this problem we could not 
test directly the excluded interval of the borehole further on.

3.4.2. Pipe cutting and closing the annular space

We drilled two times the provisional technical casing 
built in Borehole Uh-22 to exclude a collapse zone and to 
make it possible to investigate the intervals above it.

We would have liked to have left down one interval of the 
technical casing built at 318.0 m. During pulling out, the 
technical casing was broken at 233 m and part of casing 
remained in the hole. We drilled the part remaining in the 
hole at 240.7 m, but we did not succeed in cementing after 
drilling the deeper intervals (the broken debris caught the 
casing string). In such a way we excluded two collapse zones 
with the same casing string. To make the individual packer 
test of the two zones we closed the annular space behind 
the casing. This closing was a difficult technical operation 
for the small diameter, because at a depth of 290 m we had 
to close a very narrow, 7 mm annular space behind the cas
ing string. We set an artificial hole bottom up after perfo
rating the casing at the interval between 286 and 289 m and 
we injected bentonite into the annular space. The aim of 
applying bentonite was to hold the cement slurry until it 
hardened. After that we injected cement slurry in the cas
ing, which through the perforations, excluded the annular 
space. Then we drilled the cement plug. Closing of the 
annular space was successful, and we could make the indi
vidual packer tests of the intervals.

Of the upper technical casing of 140/125 mm, we left 
the interval between 178.0-191.78 m down the borehole 
to protect the borehole from the collapse zone from
179.5-187.0 m. To do this we had to drill the casing at 178 m.

4. Drilling experience

So far in this granite exploration area there have been 
7 vertical continuous core boreholes drilled between 
300-500 m bottom depth, including Üh-1 drilled in 1996,

and which is situated 1.5 km SW from the radioactive 
waste disposal site. Each of them was drilled in a similar 
geological environment. Under the loose cover sediments 
and altered granite we drilled into hard and massive gran
ite, crossing fracture zones at various depths. In the begin
ning we did not have sufficient information about the gen
eral characteristics of these rocks, how easily they could be 
drilled, or the forthcoming problems. We didn’t know the 
most suitable methods, tools, and materials — all these had 
to be identified step by step (even foreign experience from 
Switzerland, Finland, Sweden could just partly be applied 
because of the different structure of the granite). During 
the work performed so far we have collected a lot of tech
nical experience of drilling, which is valid for the whole 
exploration area and holds good as knowledge or conclu
sions for any future work.

We found that drilling by dry technology without any 
flushing of the loose cover sediments or the altered granite 
zone was most effective, and it should also be reamed. 
Circulation applied too soon will moisten the borehole wall 
making it unstable, so it will be difficult to handle with a 
danger of collapse. This method was only applied during 
exploration in 1998-99, but the idea proved correct. With a 
slower, dry technology, drilling proceeded at a reasonable 
rate, and when followed by a dry reaming by casing the dry 
borehole, we were able to exclude the whole loose sedi
ments in Borehole Oh-23 as compared to Oh-22 where we 
applied clean water flushing drilling technology too early 
and without casing. With the latter it took one week longer 
to exclude the loose sediments and the altered granite zone 
casing by cementation.

For any kind of borehole, cementing must be done with 
the proper type and previously tested cement. We encoun
tered a lot of difficulties when we used standard, commer
cial “Portland” cement. Neither the strength nor the setting 
time of the cement gave consistent results. The French 
made “Lafarge” type alumínate cement worked well in 
Boreholes Üh-22 and Üh-23, but the price is ten times 
higher than the Hungarian one. Nevertheless, it always 
worked according to the given parameters.

It was usually impossible to drill the whole borehole by 
clean water flushing down to the planned bottom depth 
(except for Üh-23). Drilling mud which could be recycled 
proved a good solution during the drilling of problematic, 
collapsing zones. With a proper combination of the two 
technologies (the clean water and bio-polymer based mud 
flushing) both the reliability of testing can be assured, and 
the proper conditions for drilling maintained (as with 
Borehole Üh-22).

Wire-line coring technology proved to be a good 
method when drilling deeper than 100 m. In this case a 
suitable bit had to be used. When using an impregnated dia
mond bit of hardness 9, the rocks can be easily drilled, but 
even this bit proved to be inefficient in some cases when 
the interval was harder, and we had to use the same type of 
bit with hardness 10 or 12.

When drilling in granite the reaming was properly car-



Figure 6. The drilling model based on the experience from Üveghuta

6. ábra. A kutatófúrások mélyítésének modellje az üveghutai tapasztalatok alapján

ried out by hammer drill. The accidental loosening of the 
granites along the borehole did not present any problem. 
During hydrogeological tests the packer seal was as good as 
in the boreholes drilled by coring. When using them we 
have to carefully direct the tool along the axis.

It is advisable to use casing instead of cement slurry in 
order to stabilise borehole wall, however, there is a risk that 
the casing will not follow the proper path or get stuck, 
broken or sheered on fixing (as happened with Uh-22). 
Nevertheless, this is the most positive method for the test

ing process. Both for casing and for joining the string of 
pipes only anti-clockwise threading was permitted. If need
ed we are prepared to use a foolproof method to sleeve the 
annular space behind the casing (Uh-22).

In order to reach the final completion of the borehole, 
the good solution is to place the casing embedded accord
ing to a sequence of decreasing diameter (in the manner of 
a “telescope”). Nevertheless, when starting drilling, only 
the statistical data are available for the number of the inter
vals to be cased, so preparation and material are only based



on this number (in our case it was only 3 casings). If the 
number of intervals is just one more than that (as it hap
pened in Uh-22), the system will not work. Therefore, it 
would be preferable if we were able to carry out casing by 
the same diameter, and this in reliable technical condi

tions, with the least possible intervention or restriction of 
the packer tests.

Figure 6 displays the model of drilling we created by 
summing up the experience gained on the exploration area 
so far.
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