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In the course of the exploration for final disposal of low- and intermediate-level radioactive waste, by 1996 the Mórágy granite was 
outlined as the perspective rock body. Within it more detailed exploration started in the Village of Bátaapáti. It resulted in selection of 
the Üveghuta site where underground disposal of was taken into consideration (B alla  2 000). Geological suitability of the site is con
trolled first of all by hydrogeological conditions. The latter were studied by 6 boreholes on the site and by hydrogeological and geologic
al reconnaissance, geophysical survey, studying the existing drill wells and dug wells, natural seepages and streams, as well as 24 new 
shallow boreholes and their monitoring.

Below, hydrogeological conditions first of the region, then of the site is described, finally conclusions are drawn.

1. Regional

Region is the 10 km surroundings of the site. Below, 
first climate, then surface water (hydrology), ground water 
(hydrogeology), groundwater levels and flows (hydrody
namics), finally water composition (hydrogeochemistry) 
are outlined.

1.1. C l im a te

Of the climatic data, temperature, precipitation and 
evaporation are described here, infiltration is discussed in 
next section.

The annual a v e r a g e  te m p e r a tu r e  is around 10 °C, the cli
mate is moderately warm. The frost-free period lasts from 
the beginning of April till end of October. The mean tem
perature of the warmest summer day was 33 °C, that of the 
coldest winter day, -15 °C. The annual average amount of 
sunny hours is 2050-2060 (820 in summer and 210 in winter).

The annual average precipitation is 660-700 mm, of 
them 400-420 mm fall into vegetation period. The maxi
mum precipitation registered was 93 mm in 24 hours. The 
maximum (September) and minimum (February) monthly 
average precipitation differ from each other almost by 
three times.

The potential annual average evaporation is around 900 
mm. The climatic loss of water (potential evaporation - 
precipitation) is approximately 200 mm. The thirty-year 
average of the factual evaporation is 500-550 mm.

The base flow of the s u r fa c e  r u n o f f  calculated from the 
gauging sites on the lower section of the Mill stream (at 
Véménd), on the Kövesd, Mórágy and Huta streams was

3.376 mVmin in average. There are no data on the total 
annual runoff.

1 .2 . S u r f a c e  w a te r

River Danube flows in 24 km to the east and 21 km to 
the south-east of the Üveghuta site, its flood plain (90 m 
asl.) and terrace are named here Sárköz. The region in 
question is situated within the Geresd Hills protruding 
above Sárköz up to 300 m asl. In a south-eastern direction 
three streams flow from here into the NE-SW oriented sec
tion of the Danube: the Véménd, Belső-rét and Lánka 
streams. The bottom of deep valleys is mostly flat, the ori
ginally marshy strips have been meliorated by channels.

The base flow of the small streams is rather even since 
the thick loess cover reduces the variability of the infiltra
tion. The surface runoff is strongly variable, in flat bottom 
of deep valleys sometimes flood happens. The groundwater 
table is located here at depths 0-1 m, and the base flow -  
especially in summer period — is decreased by the evapora
tion as well. Mean parameters of the surface runoff of the 
Geresd Hills (V a r g a  e t  a l . 1995) are as follows: annual spe
cific effluent = 2.5 1/s/km2; annual average effluent = 
50-100 mm; flood coefficient =1.5.

1.3. G r o u n d  w a te r

Below, hydrogeological characterisation of the separate 
sequences is given, then the water budget of the region is 
analysed. From the hydrogeological point of view, two 
main units could be distinguished: the upper, unsaturated, 
three-phase and the lower, saturated, two-phase zone:



— The unsaturated, three-phase zone is the zone of soil 
moisture situated between the ground surface and 
groundwater table. The infiltration rate — as it comes 
from the tritium profile of a dug shaft (the 1963-year 
tritium peak was around 5.5 m in 1997) — is 0.16 
m/year which corresponds to some 32 mm/year of 
infiltration. Water infiltrating this way from the hill
top of the site reaches the groundwater table at 
depths 50-77 m after 313-481 years.

— The saturated, two-phase zone is the zone of ground 
water.

The thickness of the unsaturated, three-phase zone 
reaches 80 m under the hilltops and comprises the loess, 
variegated clay, granite rubble and uppermost part of the 
weathered granite. The groundwater table can be located 
higher as well, up to the bottom of the loess, so all these 
sequences might be included into saturated, two-phase 
zone as well. They are characterised below.

The lo e s s  is of thickness varying as a function of the 
topographic position, sometimes exceeding 50 m. Its 
hydraulic conductivity is 6X10‘7 m/s in a horizontal direc
tion, and 5X10‘8 m/s, in a vertical direction (Juhász 1989). 
Its effective porosity is estimated as 10%.

The v a r ie g a te d  c la y  (Tengelic Formation) has thickness 
between some metres and 20 m. Both horizontal and verti
cal hydraulic conductivity is around 10“9 m/s (Juhász 
1989), so the vertical potential gradient is high within it. Its 
effective porosity is estimated as 10%.

The g r a n i te  r u b b le  a n d  u p p e r m o s t ,  d i s in te g r a te d  p a r t  o f  

th e  g r a n i te  has thickness between some dozens and 100 m, 
their hydraulic conductivity is highly variable, characteris
tic values falling within the 10_7-10-5 m/s span. Effective 
porosity is estimated as 5%. The groundwater table is usu
ally located within this horizon, forming one of the most 
important aquifers of the Mórágy Block. Significant springs 
and seepages are connected with this horizon.

The g r a n i te  is of unknown thickness which can be esti
mated as minimum some km, i.e . position and type of its 
bottom does not play any sensible role from a hydrogeologic
al point of view. From the results of lithoclase studies in 
outcrops hydraulic conductivity of 10-5 m/s scale was cal
culated (Maros, Palotás 1995). The groundwater table 
however could not be modelled with this value, hence 
already in the first modelling (Mező and Szilágyi 1996) 
much lower value of 10‘8 m/s scale should have been taken 
into consideration. The reason for this obviously was the 
fact that in outcrops even sound granite becomes more 
brecciated and the fissures more opened than in the depths 
which are attempted to be characterised by the hydrody
namic model. In the course of the exploration it became 
obvious that for the porous medium in a regional model 
even lower, decreasing down from 2X10-9 to 3X1012 m/s 
values must be considered. Its effective porosity was sup
posed to decrease within the 200-1000 m depth range 
from 0.5 to 0.05%.

Hydrogeological data for the fracture zones in granite 
are only available for the Üveghuta site.

Q u a te r n a r y  s a n d y - g r a v e l ly  s e d im e n t s  in  v a l le y s  are some 
metres in the thickness. They form the best aquifers when 
consist of granite debris, their hydraulic conductivity (e .g .  

in water works of the Village of Mórágy) is 5X10-4 m/s. 
Effective porosity of them is estimated as 10%. If they are 
derived from loess or variegated clay their hydraulic con
ductivity becomes worth and similar to that of the parent 
rocks.

U p p e r  P a n n o n ia n  b a s in  s e d im e n t s  surround the granite 
body and are connected with it in a hydrodynamic sense. 
Aquifers within this sequence have hydraulic conductivity 
around 10 4-10-5 m/s, they form source for drinking water 
in villages of Palotabozsok, Bátaszék, Sárpilis, Várdomb and 
Alsónána. Effective porosity of them is estimated as 10%.

In the water budget of the region, precipitation, evapo
ration, surface runoff and infiltration (subsurface runoff) are 
the fundamental parameters. In the Üveghuta region pres
ence of the loess cover as well as the topographic position of 
discharge points are important features in recharge areas.

I n f d tr a t io n  was defined from base-flow data. Their aver
age value is 3.376 m3/min (see in previous section) which 
characterises an area 37.708 km2. When supposing that the 
base flow equals to the total infiltrated volume, one can 
estimate infiltration as the quotient of those two figures, i.e. 

45.8 mm/year. For modelling purposes 80% of that value,
i.e . 36.5 mm/year was considered. The centre of the infil
tration can be located at the top of the groundwater table 
(250 m asl.).

D is c h a r g e  is connected mainly with springs, linear seep
ages and evaporation areas. The main streams are as fol
lows: Huta, Mórágy, Kövesd, Lajvér, Lánka, Belső-rét, Véménd, 
and the section of the Danube between Sárpilis and 
Mohács is also important in that relation. The bottom of 
the main valleys are around 160-170 m asl.

For monitoring of ground water 24 shallow boreholes 
were drilled in the region, all of them were completed as 
observation wells. Two more observation wells (F-II, T-6) 
have been taken from the Paks N.P.P, they are functioning 
in the Ófalu area. Two geophysical shot holes in the vicini
ty of the Üveghuta site also were completed as observation 
wells. Depending on the date of drilling/completing or 
receipt the monitoring is in progress from various dates of 
1997 and 1998. Interpretation of time sets is in progress, in 
some cases effect from the atmospheric pressure variations 
and earth tides can be detected.

1 .4 . G r o u n d w a te r  le v e ls  a n d  f l o w s

Data on the groundwater table position and fresh-water 
heads are available from the shallow wells drilled and com
pleted during the Üveghuta site exploration, uranium ore 
exploration in 1985-1987 as well as Ófalu site exploration 
(Rotár-Szalkai 1998, (Rotár-Szalkai and Tóth 1998). A 
groundwater-table map (F ig u r e  1 )  has been constructed.

The infiltrating water crosses the three-phase zone in a 
vertical direction, and turns within the two-phase zone situ
ated in the uppermost part of the granite laterally (towards



the seepages or neighbouring valley sediments). In the 
study area, all the seepages are connected with disintegrat
ed granite, granite rubble or valley sediments. They do not 
occur in higher position either on the surface, or in bore
holes. Above the variegated clay seepages are only observ
able in the Ófalu study area. Temporary occurrences can
not be excluded in the Üveghuta area as well, this however 
does not influence the general picture.

The water not transported away by the near-surface 
water circulation — an insignificant part of the whole of the 
infiltrating water — gets into deeper parts of the granite and 
flows along fissures and fracture zones, mainly downwards. 
The mean flow rate is 1 m/year from modelling data 
( M e z ő  and S z il á g y i  1997) and 0.1 m/year as estimated 
from hydrogeochemical and water-age data ( T ó t h  1998b).

On the ascending paths, this water mixes in valleys with the 
water participating in the near-surface water circulation 
and having more by an order of magnitude volume, so that 
its effect on the water composition can rarely be detected 
(see in next section). The boundary of areas with ascending 
and descending waters approximately follows the strip with 
the groundwater-table position around 170-180 m asl.

The ground water flows in granite along fissures and 
fractures. In the regional structure, the Sub-Mecsek (Mecsek- 
alja) Zone ( B a r a b As et al. 1964) and the fracture on its 
northern limb along the boundary between the granite and 
the Jurassic of the Eastern Mecsek Mountains only can be 
displayed. The hydrogeological effects from them are 
unknown, those of the Sub-Mecsek Zone — as judged from 
the type of its filling — can probably be neglected.
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Figure 1. The groundwater-table map of the surroundings of the Üveghuta site with the observation points

1 — exploratory borehole at the Üveghuta site, 2 — observation well in the surroundings, 3 — double observation well in the surroundings, 4 — geophysical 
shot hole completed as observation well, 5 — observation well from the Ófalu site exploration, 6 — gauging station, 7 — meteorological station, 8 -  dug well 

for tritium profiling of the unsaturated zone, 9 — contour line of the groundwater table, m asl.

1. ábra. Az üveghutai telephely környékének talajvíz-domborzati térképe megfigyelési pontokkal

1 — kutatófúrás az üveghutai telephelyen, 2 -  vízmegfigyelő kút a környezetben, 3 -  vizmegfigyelő kútpár a környezetben, 4 -  vízmegfigyelő kúttá alakított 
geofizikai robbantólyuk, 5 -  az ófalui kutatásból átvett vízmegfigyelő kút, 6 — vízhozammérő bukó, 7 -  meteorológiai állomás, 8 -  ásott kút a háromfázisú

zóna tanulmányozására, 9 — talajvíztükör szintvonala, tszf. m
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Figure 2. Sketch map of the Üveghuta site (Bai l a  1999: Figure 1.1.)

2. ábra. Az üveghutai telephely áttekintő helyszínrajza 
(Bállá 1999: 1.1. ábra)

With the hydraulic conductivity estimated from the 
lithoclase studies in the outcrops (3x 10-5 m/s) the hydrody
namic modelling led to unconfirmable results ( M e z ő  and 
Sz il á g y i 1996), hence the corresponding value had to be 
diminished. This probably was due to the opening of the 
lithoclases, closed at the depths, when the pressure falls at 
or near the surface.

7.5. Hydrogeochemistry

Hydrogeochemical sampling in the Uveghuta area start
ed in the autumn 1995, a large volume of analytical data 
has been accumulated since that time. The hydrogeochem
ical survey aimed at characterisation of the wide surround
ings of the site. Below, the sampling points, the sampling 
and analytical technology, finally, the results are discussed.

Objectives of the sampling were as follows: precipita
tion (snow in the forest), streams, springs, dug wells, drill 
wells, shallow boreholes, penetrating sounds (Figure 1). In 
the course of the sampling following parameters were deter
mined: water temperature (°C), air temperature (°C), elec

tric conductivity (pS/cm), dissolved 0 2 (mg/1), pH, Eh 
(mV) and alkalinity (meq/1). In laboratories, following 
chemical components were analysed: K , Na', NH4, Ca), 
Mg2\  FeTot, Mn2\  CT, H C 03, S O j, NO^-, N 0 3, PO^-, 
H2Si03, Ba, Li, Ás, Be, B, Al, V, Cr, Mn, Co, Ni, Cu, Zn, 
Rb, Sr, Mo, Ag, Cd, Sb, Cs, La, TI, Pb, Bi, Th, U. Besides, 
5I80, S2H, l4C, 8I3C, ,5Nn03, 34Ss04, 3H, 3H -3He and Rn also 
were detected.

The results of the stable-isotope determinations can be 
characterised as follows. Based on the 8I80  and 82H values, 
the water from springs and penetration sounds with no 
exception, and that from shallow boreholes in their the pre
vailing majority is of Holocene age. Pleistocene (“ice-age”) 
water was detected in two of the shallow boreholes (Mó-6 
and O h -18) and in three of the water-work wells (Bátaszék 
K.-41, Feked K-25 and Várdomb K-31). From 14C age 
determinations water of one of the shallow boreholes 
(Mó-6) and that of the same three of the water-work wells 
appeared to be of Pleistocene age. The two shallow bore
holes gave water from the deep parts of the granite. The 
three water-work wells serve water from the deep horizons 
of the Pannonian sequence, this resulting in older age of 
the water from them.

2. Hydrogeological conditions of the Üveghuta site

So far the Üveghuta site has not been contoured either in 
map, or in vertical section. The rectangle 600x300 m which 
was considered potential site in site-selection process (sum
mer 1997) is a preliminarily located figure (Figure 2). Its 
shape came from the preliminary mining concept (Calamites 
1996) and has arisen as a consequence from the supposi
tion that the repository will consist of 8.3 m wide horizon
tal galleries in 41.7 m of each other within one horizon. 
From a practical point of view the site is now regarded as 
the surroundings of Boreholes Üh-2, -3, -4, -5, -22 
and-23, although suitable rock body for the repository has 
not been selected yet both in section and map.

The source of data for the hydrogeological characterisa
tion is formed by 6 boreholes, more precisely, hydrody-

Table 1
Drilling and hydrodynamic testing on the Üveghuta site

Item Unit Quantity

Exploration boreholes (6 pc.) m 2084
borehole with 500 m 
of planned depth (2 pc.) m 883

borehole with 300 m of planned depth 
(4 pc.)

m 1201

borehole cleaning (4 pc.) m 1259
Hydrodynamic tests
scan tests every -  10 m test 128
long-duration tests test 43

interference tests sources 2
observations 50

water sampling sample 21



Position of the groundwater table in the zonation of weathered granite (m asi.)

o Üli -5 Üh-3 Üh-4 Üh - 2 2 Üh- 2 Üh-23
01 depth table depth table depth table depth table depth table depth table

cover v 230.9
228.7 230.6 226.9 228.2 223.7 223.2

G I
226.7 219.6 217.6 223.2 215.1 214.2
226.7 219.6 217.6 223.2 215.1 214.2

G II
209.3 2 1 0 . 6

219.5
2 1 2 . 6

213.4
214.9 210.7 210.5

; ' 2 1 1 :8 ?"

209.3 2 1 0 . 6 2 1 2 . 6 214.9 210.7 -
G U I

201.3 193.6 207.0 206.6
2 1 2 . 6

203.1
201.3 193.6 207.0 206.6 203.1 — 210.5

G IV
150.8 159.0 158.6 177.8 162.9

?
193.2

In column ta b le  empty fields indicate the unsaturated, grey fields, the saturated zone.

namic testing of them {Table 7): knowledge of transmissivi
ty and of the calculated from it hydraulic conductivity as 
well as of fresh-water-head distribution and hydrodynamic 
connection originated from the packer tests.

Below, first hydrodynamic parameters, then ground- 
water levels and flows, hydrogeochemistry, finally, site model 
are discussed.

2.1. Hydrodynamic parameters

In description of the hydrodynamic parameters, outlin
ing the aquifers is the first step. The ground water is mostly 
located within the G II zone of the weathered granite 
{Table 2). In Boreholes Uh-22 and Uh-2 it is deeper, in 
Borehole Uh-5, shallower. As seen, the whole of the sedi
mentary overburden with granite rubble at its bottom as 
well as the uppermost part of weathered granite are situat
ed in the unsaturated, three-phase zone (with the exception 
of Borehole Uh-5). These sequences have been overviewed 
in the regional section, they only contain aquifers in the 
southernmost part of the site (Uh-5). The thickness of the 
saturated part of the weathering crust decreases from the 
south towards the north, from 50-80 m till 20-30 m.

Hydraulic conductivity of the rocks just below the 
groundwater table is much better than that of slightly 
weathered or sound granite situated deeper. At the lower 
boundary of this level a horizon of reduced hydraulic con
ductivity is located. It is supposed that this horizon coin
cides with the cementation zone of the weathering crust 
( K o v a c s-Pa l f f y  et al. 2000a), it borders from-below the 
upper aquifer. The weathering and cementation develop 
gradually in the section, the boundaries of them being 
never sharp, thus, the boundary in question cannot be indi
cated precisely. The thickness of the aquifer can be esti
mated 30 m in the site, this is the zone of active water cir
culation, it can be extrapolated into the regional scale.

The water circulation in granites is related to fracture 
zones and fissure systems. Fracture zones usually are of 
higher hydraulic conductivity than the background granite

between them. Fracture zones however are frequently 
accompanied by brecciation, and the background granite is 
sometimes fractured. Further complication arise due to the 
fracture zones usually suffered significant hydrothermal 
alteration. Among the alteration products clay minerals are 
dominant, they significantly reduce the hydraulic conduc
tivity. As a consequence, the conductivity of strongly frac
tured, brecciated sections of significant thickness may dis
play surprisingly low hydraulic conductivity. The two main 
domains -  fracture zones and background granite -  cannot 
be sharply distinguished even in a statistical sense (B a l l a  

2000).
Minor part of the fissures in the background granite are 

open, most of them are filled in with various minerals
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Figure 3. The fracturing - hydraulic conductivity crossplot 
(T ó th  1998a: Figure 7.26)

3. ábra. A szivárgási tényező és töredezettség összefüggése 
(Tóth 1998a: 7.26. ábra)



Electric conductivity -  Elektromos ellenállás (ohm/m)

Figure 4. The electric resistivity -  hydraulic conductivity crossplot 
(T óth 1998a: Figure 7.27)

4. ábra. A szivárgási tényező és geoelektromos ellenállás 
összefüggése (Tóth 1998a: 7.27. ábra)

( K ovAc s -PAl f f y  et al. 2000b). As a consequence the 
hydraulic conductivity does not correlate either with the 
numerical value of the fracturing, (Figure 3), or with the 
electric resistivity indicating fracturing rather directly 
{Figure 4). Therefore, there is no possibility for either frac
ture zones, or fracturing of the background granite for fore
casting the hydraulic conductivity based on geological data. 
In other words, these values have to be defined by direct 
measurements, and their spatial distribution can only be 
evaluated first of all from measurement data.

Hydrogeological effect from the fracture zones can be 
estimated by means of deterministic and stochastic model
ling. Into deterministic models biggest fracture zones only 
can be involved, the effect from the smaller fracture zones 
and from the fracturing even in principle can only be inves
tigated in the frame of stochastic models. Hence, it is a fun
damental question whether there exist in the site fracture 
zones which can be built into deterministic models. If frac
ture zones of this type exist, their position (dip azimuth 
and angle) must be known.

The biggest fracture zones of the site appeared as col
lapsing section in the course of the drilling (this was main
ly due to using clean water with no additives as drilling 
fluid in order to avoid sealing of the fracture zones and pol
lution of groundwater samples). The three biggest collaps
ing zones were penetrated by Boreholes Üh-2, Üh-4 and 
Üh-5. Preliminarily, their position can be outlined as follows.

To the fracture zone in Borehole Üh-2 the minimum of 
the fresh-water head which is characteristic for the whole 
profile of the borehole is related since 1998 ( M e z ő  etal. 1998). 
The minimum is detectable above the fracture zone in 
rocks of very low -  1.11 x 1010 - 1.98><10"9 m/s -  hydraulic 
conductivity up to the height 254 m which is the top of the 
interval capable for testing. Hence, upwards the fracture 
zone cannot deviate far of the borehole, i.e. it is very steep. 
Decrease of the fresh-water heads by 15-20 m relative to the 
surroundings is probably explainable through supposition 
that the fracture zone is connected to a discharge point on 
the surface in a lower position. As it comes from topo
graphic conditions such a connection can be expected with 
highest probability in an ENE direction, in the Éva Valley 
or on its continuation in the Mórágy Valley. Thus, the frac
ture zone is imagined striking in a WSW-ENE direction. 
Acoustic borehole-televiewer images and downhole seismic 
sections point to existence of fractures and reflectors in the

Table 3
Collapsing zones observed while drilling and hydrodynamic testing data on them

Borehole
code

Collapsing zone
Test
code

Test interval Hydraulic
conductivity

[m/s]

Calc. max. 
depression 

[m]

Mean
discharge

[1/min]
top

[m bgl.)
bottom 
[m bgl.]

length
[m]

top
[m bgl.]

bottom 
[m bgl.]

length
[m]

Ü h - 2 346.60 381.90 35.30
7 335.20 364.20 29.00 9.00E -09 87 4.27
8 318.87 364.20 45.33 - 92 2.71
9 370.35 381.90 11.55 1.96E-10 - -

Üh 3
75.58 93.98 18.40 - - - - - - -

161.60 164.95 3.35 1 154.12 173.68 19.56 2.33E-07 - -

Ü h -4

76.51 77.91 1.40
1 70.99 96.23 25.24 1.38E-08 0.60
la 70.85 96.23 25.38 - 23 1.83

124.76 138.83 14.07 3 119.17 136.30 17.13 3.65E-09 - -
152.43 165.19 12.76 4 119.33 176.56 57.23 1.97E-09 - -
221.05 225.40 4.35 - - - - - - -

Ü h -5 170.61 206.07 35.46
1 160.77 182.60 21.83 8.38E-10 - -

la 160.77 182.60 21.83 3.37E-09 — —

Üh 2 2

179.50 187.00 7.50 i 178.35 198.76 20.41 4 .02E -09 80 0.66
236.60 254.60 18.00 2 245.42 255.47 10.05 8.66E-09 135 1.35
283.50 308.30 24.80 5 288.37 318.60 30.23 1.42E-09 135 0.68
381.50 386.50 5.00 4 367.42 389.06 21.64 2.91E-08 115 9.19

C alc . = calculated, m a x . = maximum, bgl. = below ground level. O f the two data for Borehole U h-5 those with code la  are more reliable.



surroundings of Borehole Üh-2 with steep northward dips. 
That is why the northern dip of the fracture zone seems to 
be probable.

T h e . f r a c tu r e  z o n e  in  B o r e h o le s  Ü h - 4  a n d  O h - 5  is almost 
at the same altitude asl., and the thickness in the two inter
sections is similar. That is why these two intersections are 
thought to belong to the same fracture zone striking 
approximately along the line across these boreholes, i.e . in 
a SW-NE direction. There are no geological or geophysical 
data to define even the direction of the dip of this zone. As 
will be seen, in this relation hydrodynamic interference 
testing served important information.

The two fracture zones altogether have been penetrated 
in three sections. The latter are obviously insufficient for 
characterising them. That is why below the fracture zones 
and the background granite between them are only charac
terised in generalities.

-  Data on fracture zones are available from boreholes 
(B a l l a  and D u d k o  1998, D u d k o  and B a l l a  1999, 
G y a l o g  and T u n g l i  1998, M a r o s  and P a l o t á s  

1998b, M a r o s  and P a l o t á s  1999, Z il a h i-Se b e s s

1999). They give vertical components of the th ic k 

n e s s  (along the borehole axes) since due to absence 
of dip angles the true thickness cannot be calculated. 
Based on prevailingly steep dip one can suppose that

the true thickness is usually two or three times less. 
The s p a t i a l  e x te n s io n  cannot be defined in any case. 
The network of boreholes crossed granites mainly up 
to 240-250 m in a vertical direction is not enough 
dense in the site for location of wedging-out of steep 
fracture zones between them. The h y d r a u l ic  c o n d u c 

t i v i t y  can be given for the biggest fracture zones, for 
those thickness of which is comparable with the dis
tance between the packers ( T a b le  3 ) .  Distribution of 
data is close to lognormal, its peak being around 
5.5* 10-9 m/s and the two extrema being 10 '° and 10-6 
(B a l l a  2000). For the source intervals of the hydro- 
dynamic interference tests, model calculations gave 
transmissivity (1.3-6.4)* 10-7 m2/s which -  taking 
into account that the distance between the packers 
used for re-calculations was mostly around 10-20 m 
— is in harmony with that characteristic value. For 
the fissure in the lower source interval, model calcu
lation resulted in 1.3X10"4 m2/s transmissivity and 
136 m half-length. There are no data on e ffe c tiv e  

p o r o s i t y  and s to r a t iv i t y  of individual fracture zones. 
H e te r o g e n e i ty  of the hydraulic conductivity can be 
characterised by 6.4 times dispersion of the logarith
mic mean.

— The background granite takes part in the conducting

Hydrodynamic test data for stable rock intervals

Borehole
code

, Test 
code

Test interval Hydraulic
conductivity

[m/s]

Calc. max. 
depression 

[m]

Mean
discharge

[1/min]
top

[m bgl.]
bottom 
[m bgl.]

length
[m]

1 92.14 1 0 1 .6 8 9.54 1.74E-10 - —

2 133.09 142.63 9.54 2.62E-10 - —
3 185.38 194.92 9.54 1.98E-09 - —

Ü h - 2 4 226.05 235.59 9.54 3.07E-10 — —

4a 226.59 236.12 9.53 2.96E-10 ■ - -

5 305.38 314.92 9.54 1.77E-09 - —
6 301.31 310.84 9.53 1.11 E - 10 - —

2 119.67 131.37 11.70 3.52E-07 32 5.00

Ü h -3 3 287.95 300.10 12.15 4.12E-08 129 0.28
4 258.90 269.53 10.63 1.16E-08 — —

5 208.91 219.04 10.13 2.93E-08 — —

2 45.90 71.13 25.23 7.53E-07 - —

5 285.18 294.26 9.08 1.46E-07 — —

Ü h -4 6 250.32 259.40 9.08 1.76E-06 — —

7 208.75 217.83 9.08 3.5E-08 — —

8 279.98 300.19 2 0 .2 1 5.74E-07 67 2.40
2 139.53 151.97 12.44 5.76E-10 - —

3 89.04 101.48 12.44 2.97E-07 16 0.80
4 279.89 300.88 20.99 4.95E-11 - —

Ü h -5 5 242.77 253.99 1 1 .2 2 2.14E-08 - -

6 217.52 228.74 11 .2 2 4.73E-09 — —

7 217.75 258.67 40.92 2.93E-08 63 2 .2 2

8 215.84 256.76 40.92 2.83E-08 6 6 1 .68
Ü h - 2 2 3 472.84 500.62 27.78 . 5 .76E-09 140 0.78

1 165.01 181.47 16.46 3.58E-08 — 3.50
Ü h-23 3 218.62 229.13 10.51 3.71E-09 55 0 .2 2

4 288.00 300.46 12.46 2.17E-12 - -
C alc . = calculated, m a x . = maximum, bgl. = below ground level



water with its fractures, fissures and fissure systems. 
On the th ic k n e s s  and s p a t ia l  e x te n s io n  of the blocks 
between the fracture zones, there is no detailed 
information such as in case of fracture zones sepa
rating them. H y d r a u l ic  c o n d u c t iv i ty  can be given from 
scan and long-duration packer tests. In data evalua
tion it must be taken into account that each separate 
test characterises a section one or more dozen 
metres in length in which smaller fracture zones, 
fractures and fissures occur, their effect being sum
marised in the test results. Hydraulic conductivity is 
calculated as the quotient of transmissivity meas
ured and section length, hence it characterises sepa
rate sections, not concrete geological objects. 
Distribution of the values is lognormal in both test 
series, but the parameters of them are different. In 
the data set of long-duration tests ( T a b le  4 )  the peak 
is around 6.9X 10-9 m/s and the two extrema are 10 '° 
and 10'6 (the smallest value is 2.17><10'12 m/s). Of the 
120 scan test characterising non-collapsing intervals 
the mean of 114 is 5.8X1010, with the two extrema 
l.OxlO-7 and 3 .0x l012 m/s (B a l l a  2000). The rest 6 
values are higher than the upper extremum but not 
exceeding 2X10‘6 m/s. The value from the long-dura
tion tests practically does not differ from that calcu
lated for collapsing intervals whereas the scan tests 
display a value by an order of magnitude less. This is 
probably due to the fact that long-duration tests were 
usually performed on intervals which appeared to 
have increased hydraulic conductivity from scan 
tests, thus, the scan tests better characterise back
ground granite. For the latter there also are no data 
on e f fe c tiv e  p o r o s i t y  and s to r a t iv i ty .  H e te r o g e n e i ty  of 
the hydraulic conductivity can be characterised by 
dispersion of the logarithmic mean which is 27.9 for 
long-duration tests and 9.1 for scan tests.

Based on the data outlined one can think that the con
ducting of water in the site can be related to two different 
systems, one of them composed of big fracture zones, and 
the other, of background fissures (M olnar  e t  a l. 1999).

For characterising a n is o t r o p y  of hydraulic conductivity, 
data are insufficient. Horizontal anisotropy is controlled by 
the systems of fracture zones and of open fissures, thus, 
one can think that it cannot be characterised uniformly for 
the site. In the regional model (M ezo  e t  a l. 1998) the verti
cal hydraulic conductivity appeared to be minimum. That 
is why it seems probable that the site anisotropy may be 
characterised by a three-axis ellipsoid in which the mini
mum conductivity is oriented vertically, and the position of 
horizontal axes varies in space.

The h y d r o d y n a m ic  a c t iv i t y  in wells in general can be 
measured by flowmetry. Heat-pulse flowmetry has been 
performed in all boreholes of the site, its sensitivity being
0.01 1/min. This threshold was not overstep without pump
ing by any of the boreholes (except for the Uh-5). This also 
shows that the water flow in the site is very weak in a natu
ral state. Influxes usually (except for Borehole Uh-3) were

measured at depression more than 10 m. Of the 48 inter
vals measured in the site, 25 displayed discharges not 
exceeding 0.16 1/min, further 20, not exceeding 0.69 1/min, 
and only 3, discharges 1.59-2.00 1/min. The specific dis
charge did not exceed 0.016 1/min/m in 25 intervals, 0.100 
1/min/m in further 15, 0.382 1/min/m in next 7, and one 
interval only displayed 0.760 1/min/m. Consequently, the 
influx is insignificant even at depressions not occurring in 
the nature. Some comments are however necessary in rela
tion to the data outlined.

— In Borehole Üh-22 discharge 3.5 1/min was observ
able on the interval 370-385 m, and 3 1/min, on the 
interval 320-370 m, but they could not be located 
more precisely. First of them more or less corres
ponds to the lower source interval (367.40-389.06 
m) of the interference testing (see below) where by 
much more intense pumping (max. depression 115 
m) a mean discharge 9.19 1/min was supported for 
almost nine days. In the site this was an extra-high 
value, but insignificant in an absolute sense.

— The biggest fracture zones in 1997-1998 boreholes 
were cemented or cased. Cemented intervals were 
perforated in 1998. There were no attempts to open 
the cased intervals: it was supposed that the hydro- 
dynamic connections were not closed in the annular 
space. Two intervals in the Borehole Üh-22 of 
1998-1999 also were cased, the lower of them was 
perforated. As a consequence, the flowmetry did not 
give a complete picture, nevertheless, its results sig
nificantly contributed knowledge of the hydrody
namic situation.

Hydrodynamic tests characterise collapsing intervals 
longer than 5 m in a state before cementation. Influxes — 
with one exception (Üh-22, 367.4-389.06 m: 9.19) — fall in 
the range 0.6-5 1/min such as those on stable intervals 
(Table 4). Consequently, on one hand, there is no sensible 
correlation between the hydraulic conductivity and col
lapses, which generated the greatest problems in the course 
of the drilling, on the other hand, discharges from hydrody
namic tests before cementation fall within the same range 
as those from flowmetry on non-cemented intervals. It is 
therefore undoubted that water flow in the granite of the 
Üveghuta site is very limited, independent of its evaluation 
based on influxes or hydraulic conductivities.

2 .2 . G r o u n d w a te r  le v e ls  a n d  f l o w s

The driving force of the groundwater flow is the poten
tial, more correctly the potential difference between distinct 
points. The d is tr ib u t io n  o f  p o t e n t ia l s  can be characterised by 
levels (fresh-water heads), to which the water emerges in 
pipes from distinct points of the space. Corresponding data 
set was got from the boreholes, these are fresh-water heads 
measured during the hydrodynamic tests for intervals sepa
rated by packers (B a l l a  2000). It can be concluded from 
their distribution that water levels are decreasing down
wards in the most of the boreholes, stronger in Boreholes



Source zones of the interference tests in Borehole Üh-22

Source zone Duration of 
water extraction 

[h]

Volume of 
extracted water 

[m3]

Mean
discharge

[1/min]

Calculated 
max. drawdown 

[m]
name top

[m asl.]
bottom 
[m asl.]

length
[m]

U pper 104.57 82.81 21.76 190.44 15.7 1.37 105
Lower -86.16 -107.82 2 1 .6 6 215.14 118.6 9.19 115

Üh-5, Üh-22 and Üh-23 and weaker in Boreholes Üh-3 
and Üh-4. In the same boreholes, the fresh-water heads in 
general decrease from the south towards the north, 
although in distinct horizontal sections the picture is rather 
variable. All this shows that the water flow in the site has a 
downward-directed component.

Borehole Üh-2 stands out in any respect: along its axis, 
the fresh-water heads vary a little bit but around the same 
value which is by 15-20 m less than in the neighbouring 
Boreholes Üh-22 and Üh-23. This is an outstanding 
anomaly in the hydrogeological picture of the site, and can 
be explained in terms of drawdown due to an assumed frac
ture zone. This zone is probably the same which was pene
trated by the borehole below 346.6 m, its dip being proba
bly very steep (see above). The drawdown is not indicated 
in the water levels of the Borehole Üh-22 located in 85 m, 
this fact pointing to existence of an isolator between these 
boreholes. The zone — in harmony with the position of 
Boreholes Üh-3 and Üh-4 which also do not show any 
drawdown effect -  probably strikes in a ENE-WSW direc
tion, and its steep plane supposed to dip towards the NNE.

Fluctuations of the fresh-water heads were determinable 
from the data sets of the hydrodynamic interference tests. 
The cyclic variation due to earth tidals with a half-day period 
is of scale 0.5-1.5 kPa. Pressure variations of atmospheric 
origin are irregular and can reach 2.0-2.5 kPa.

Hydrodynamic gradients are variable, but in general 
can be characterised in a statistic sense. Between those of 
the long-duration hydrodynamic test intervals (mostly 
40-60 m long) which do not overlap each other a total of 
26 vertical gradients can be calculated (B a l l a  2000). Of 
them the mean of 25 is -0.021 ±0.067 m/m, with the 
extreme values +0.12 and -0.16 (the 26th value is outstand
ing, -0.264 m/m). Horizontal gradients between the neigh
bouring boreholes were calculated as follows. Each fresh
water head value measured during the hydrodynamic test
ing was referenced to the middle of the packer interval, 
then, linear interpolation was performed between neigh
bouring points. This way, a continuos head profile was 
defined for each borehole. At least one of the points includ
ed into gradient calculation was in the middle of a packer 
interval. The calculated 49 gradients form two well-defined 
populations (B a l l a  2000). One of them is formed by the 
12 gradients at Borehole Üh-2, the second, by the remain
ing 37 values defined for distances 123-193 m. The values 
of the first population are dispersed between 0.13 and 0.27 
m/m characterising head anomaly of Borehole Üh-2 men
tioned above. The values in the second population are with

no exception less than 0.06 m/m. The mean of the second 
population is 0.027±0.016 m/m, it can be used for the back
ground of the Üveghuta site. The mean is more, the disper
sion is less than those for vertical gradients. The vectors of 
the horizontal gradients uniformly point from the SE 
towards the NW in both the Üh-22 - Üh-4 and Üh-3 - 
Üh-5 sections and also uniformly from the S towards the 
N in the Üh-5 - Üh-22 section. In the other two imagina
ble directions (NE-SW and E-W) the vector directions are 
changeable (B a l l a  2000). This can also be interpreted in 
terms of promoting the water flow by a WNW-ESE direct
ed structure (see below). The northern component is prob
ably due to the regional flow pattern.

On the hydrodynamic connections between the bore
holes the hydrodynamic interference test resulted in direct 
data. Drawdown was performed in two intervals of 
Borehole Üh-22 (Table 5), and its influence was measured

Table 6
Observation zones of the upper interference test

Bore
hole
code

Observation zone

code top
[m asl.]

bottom 
[m asl.]

length
[m]

distance
[m]

Ü h - 2

2 U 1 187.14 153.75 33.39 114.20
2U2 152.90 117.01 35.90 94.09
2U3 116.16 82.77 33.39 84.75
2U4 81.92 47.03 34.89 89.46
2U5 46.18 11.81 34.38 106.46
2U6 10.96 -101.79 112.75 162.79

Ü h -3

3U1 179.07 143.18 35.90 141.39
3U2 142.33 108.05 34.28 128.20
3U3 107.20 73.92 33.28 124.31
3U4 73.07 40.32 32.75 129.66
3U5 39.47 -20.41 59.89 150.09

Ü h -4

4U1 203.65 165.70 37.95 185.21
4U2 164.85 127.72 37.13 169.68
4U3 126.87 64.55 62.32 161.68
4U4 63.70 30.87 32.84 167.86
4U5 30.02 -53.76 83.78 192.79

Ü h -5

5U1 192.67 160.77 31.91 281.50
5U2 159.92 123.43 36.49 273.22
5U3 122.58 71.66 50.92 269.00
5U4 70.81 -19.64 90.46 277.47

Ü h -2 3

23U1 184.43 148.59 35.85 194.73
23U2 147.74 113.47 34.27 184.34
23U3 112.62 78.76 33.86 180.62
23U4 77.91 44.52 33.40 183.50
23U5 43.67 -23.29 66.96 198.98

Distance of the observation zone measured from the source zone.



Observation zones of the lower interference test

Bore-
hole
code

Observation zone Pressure decrease Effective
time
[h]

Residual
drawdown

[kPa]

Pressure increase Effective
time
[h]code top

[m asl.]
bottom 
[m asl.]

length
[m]

distance
[m]

absolute
[kPa]

relative
[%]

absolute
[kPa]

relative
[%]

Ü h - 2

2 L 1 116.07 82.69 33.39 213.81 - - - - — — -

2L2 81.84 45.94 35-90 181.76 - - - — - - -

2L3 45.09 11.70 33.39 151.24 - — - - _ - -

2L4 10.85 -24.03 34.88 123.79 ? ? ? ? 7 7 7

2L5 -24.88 -59.26 34.38 100.83 ? ? ? ? 7 7 ?

2L6 -60.11 -101.79 41.69 '86.06 ? ? 7 ? ? 7 7

Ü h -3

3L1 143.95 108.06 35.90 255.29 60 5 2 2 48 ' 12 2 0 123
3L2 107.21 72.93 34.28 224.59 60 5 23 48 .12 2 0 123
3L3 72.08 38.80 33.28 196.68 59 5 21 48 11 18 121

3L4 37.95 - 5.20 32.75 171.77 49 4 32 45 4 8 258
3L5 4.35 -20.41 24.77 152.84 45 4 38 42 2 5 260

Ü h -4

4L1 127.17 64.14 63.04 251.28 - - - - - - -
4L2 63.30 44.06 19.24 220.74 62 5 35 47 15 24 118
4L3 43.21 9.42 33.79 203.05 73 6 22 60 13 18 145
4L4 8.57 -20.69 29.27 185.19 74 6 21 63 11 15 146
4L 5 -21.54 -53.76 32.22 171.89 67 6 22 50 17 25 123-

Ü h -5

5L1 122.95 72.01 50.94 331.92 - - - - - - -

5L2 71.16 42.79 28.37 309.93 - - - - - - -

5L3 41.94 14.21 27.73 296.64 - - - - - - -

5L4 13.36 -19.64 33.00 284.88 - - - - - - -

Ü h -2 3

23L1 150.44 114.59 35.85 292.05 - - - - - - -

23L2 113.74 79.84 34.27 264.77 - - - - - - -

23L3 78.63 44.77 33.86 240.43 - - - - - - -

23L4 43.92 10.52 33.40 219.20 - - - - - - -

23L5 9.67 -23.29 32.97 201.87 - - - - - - -

In column p r e s s u r e  d e c re a s e  maximum values are indicated. D is ta n c e  to  th e  o b s e r v a tio n  z o n e  is measured from the source zone, re la tiv e  p r e s s u r e  d e c re a s e  is 
referred to the source zone, r e la t iv e  p r e s s u r e  in c re a se , to the maximum pressure decrease. E ffe c tiv e  t im e  covers the time span between the start o f pumping 
and start of pressure decrease as .well as between the end of pumping and start of pressure increase, respectively.

in 25 intervals, separated by packers, of the other 5 bore
holes (T a b le  6  a n d  T a b le  7). The discharge was kept con
stant in the course of the pumping. Each signal consisted 
of two parts: pressure decrease due to drawdown and pres
sure increase after the termination of the drawdown.

During the interference testing of the upper source 
zone no response was recorded on any of the observation 
intervals. During the interference testing of the lower 
source zone definite responses were recorded in all the five 
intervals of Borehole Oh-3 and in four lower intervals of 
Borehole Uh-4 (Table 7). The pressure decrease after the 
start of pumping appeared in all the nine intervals after 
20-40 hours at l in e a r  d i s ta n c e s  153-255 m (length of 
straight lines connecting the source and observation zones; 
the real path of the signal through complicated systems of 
fissures might be several times longer). The pressure 
decrease continued after the end of pumping as well, and 
after 5-11 days reached 45-75 kPa. The pressure increase 
took place much slower than the pressure decrease.

Below, an attempt is made on the interpretation of the 
interference features. As a principal difficulty in this the 
absence of data on the s t o r a t m t y  is regarded ( B r a d l e y  and 
M a c D o n a l d  1999), it results in impossibility to define the 
geological sense of the magnitudes and travel times of the 
signals. Considering the linear distances between the

source and observation zones around 150-250 m one must 
regard these properties as means for minimum several 
dozen metres long intervals. From that point of view it can 
be stated that the fluctuation of the rock-mechanical prop
erties falls within a 3-5-times range, the same is seen in 
P S Q  profiles ( H e r m a n n  e t  a l. 1998). The difference 
between the borehole means of the fracturing does not 
exceed two times, and between means for 20-30 m inter
vals, 3-5 times ( M a r o s  and P a l o t As 1998a). It will be prob
able not a big mistake to assume that fluctuation of the 
storativity values in the scale of the interference signal 
paths remains within one order of magnitude, i.e . in the 
first approximation, for a qualitative evaluation, the stora
tivity can be regarded constant. Considerations below are 
based on this assumption.

H y d r o d y n a m ic  c o n n e c t io n  means detection of a measur
able signal. The signal might fall below the detection sensi
tivity, and the duration of the test might be insufficient for 
signal forming, but these possibilities are not considered 
here.

In the observation zones of Borehole Uh-2 in linear 
distances 86-124 m weak, uncertain signals were detectable, 
in higher zones at linear distances 151-214 m even these 
were absent. That is why it can be supposed that the hydro- 
dynamic connection is much weaker than with the observa



tion zones in Boreholes Uh-3 and Uh-4 located in dis
tances two or three times longer.

It was a fact that the lower section of Borehole Uh-22 
only was in connection with Boreholes Uh-3 and Uh-4, 
the upper not, consequently the zone of hydrodynamic 
connections — further on: hydrodynamically active belt — 
dips from the Boreholes Uh-3 and Uh-4 below the upper 
section of Borehole Uh-22, i.e. steeply towards the north.

In Borehole Uh-3, the signal was strongest in the 
uppermost observation zone and here appeared earliest. 
Downwards it became less and less intense in spite the 
observation zones were closer and closer to the source 
zone. A seen, the signal spread easiest in the steepest direc
tion, and the more the linear direction deviated from this 
“preferred” direction the more was the duration of the 
spreading and the attenuation of the signal. All this con
firms that the hydrodynamic connection is related to a 
northward-dipping steep structure. Such a structure can be 
outlined by correlating the collapsing zones (Table 3) at
367.42- 389.06 m within the source zone of Borehole 
Uh-22 and at 161.60-164.95 m within the uppermost 
observation zone of Borehole Uh-3 ( B a l l a  2000). It 
has to be mentioned that the zone across the collapsing 
intervals at 283.50-308.30 m in Borehole Uh-22 and 
75.58-93.98 m in Borehole Uh-3 is almost parallel. 
Interference tests did not cover any of these intervals thus 
it is unclear whether this zone is inside the hydrodynami
cally active belt or not.

The situation is much more complicated in Borehole 
Uh-4. In the uppermost observation zone, there was no sig
nal detected although the most important, double fracture 
zone of the borehole falls here (Table 3: 124.76-138.83 and
152.43- 165.19 m). At the same time, in the much more 
stable lower four observation zones, the signal was clearly 
detectable. Therefore, it must be supposed that the fracture 
zone is not in hydrodynamic connection with the back
ground granite situated immediately below it and is isolated 
from the hydrodynamically active belt through Boreholes 
Uh-22, Uh-3 and Uh-4. Within this belt, down through 
the 2nd, 3rd and 4lh observation zones of Borehole Uh-4, 
with decrease of the linear distances the pressure-decrease 
signal becomes stronger and the effective time, less, where
as in the pressure-increase pattern an opposite pattern is 
dominant. The lowermost (5th) observation zone displays 
in both pressure-decrease and pressure-increase patterns 
less intensity and more effective time of the signal than 
zones above it despite of the even lesser linear distance. 
That is way one can think that the maximum signal con
ductivity falls on the 4th observation zone, i.e. the hydrody
namic connection with Borehole Uh-22 is relatable to a 
steep structure dipping northwards such as in case of 
Borehole Uh-3.

It can be supposed that the double fracture zone of 
Borehole Uh-4 (at 124.76-138.83 and 152.43-165.19 m) is 
correlatable with the biggest fracture zone of Borehole 
Uh-5 (at 170.61-206.07 m ). This fracture zone (B a l l a  2000) 
cannot dip towards the NW since it would destroy the

hydrodynamic connection between Boreholes Üh-22 and 
Uh-4, therefore, a SE-directed dip is supposed. No data are 
available on the dip angle of this fracture zone.

2nd, 3rd and 4th observation zones of Borehole Üh-5 are 
in one-and-a-half time longer linear distance than observa
tion zones of Borehole Üh-4 below the SE-dipping fracture 
zone. This difference is of the same scale as that between the 
uppermost and lowermost observation zones within bore
holes both Üh-3 or Üh-4. Based on the intensity of the sig
nal and distance ratios it could be expectable that lower 
sections of Borehole Üh-5 fall within the hydrodynamical
ly active belt. The absence of signals point to this expecta
tion is not confirmed. Therefore, it seems to probable that 
Borehole Üh-5 is isolated from this belt, but nothing is 
known about the corresponding structure.

Comparison of the hydrodynamic pattern and most sig
nificant fracture zones resulted in outlining of three struc
tures as follows:

— low-potential fracture zone penetrated at the bottom 
of Borehole Üh-2 steeply dipping towards the NNE;

— fracture zone penetrated at lower section of Borehole 
Üh-22 and upper section of Borehole Üh-3;

— big fracture zone of Boreholes Üh-4 and Üh-5 above 
the hydrodynamically active belt and isolated from it.

As it can be concluded from the data available, these 
three structures outlined above control the hydrodynamic 
pattern of the Üveghuta site. The axis of the hydro
dynamically active belt correlated between Boreholes Üh-3 
and Üh-22 can be fit in with the collapsing zone in-
221.05-225.40 m of Borehole Üh-4, this resulting in the 
dip at 18/62°. This plane must be interpreted as the.axis of 
the hydrodynamically active belt, not as a narrow zone of 
significant conductivity outstanding on a fractured back
ground (c j . B r a d l e y  and M a c D o n a l d  1999). It serves 
first of all for geometric presentation of the probable posi
tion of the belt. The WNW-ESE strike is in harmony with 
the statement above on the uniformity of the vectors of 
head gradients just in that direction.

The apparent dip of the fracture zone penetrated at the 
bottom of Borehole Üh-2 falls within 75 and 90° in the sec
tion plane across Borehole Üh-22. Its concrete value is 
taken as 82° but it can appear that during the hydrodynam
ic modelling even steeper dip has to be considered. For the 
strike the direction of the most probable surface drainage is 
taken, it results in true dip at 327/84° (B a l l a  2000).

The dip angle of the fracture zone in Boreholes Üh-4 
and Üh-5 is estimated as 70° (B a l l a  2000), the corre
sponding dip azimuth is 124°. It seems improbable that the 
imaginable 5-10° deviation affects significantly the model
ling results.

2.3. Hydrogeochemistry

■ The factual base of the hydrogeochemical characteris
tics of the Üveghuta site is formed by 16 water sample 
taken in the course of long-duration hydrodynamic tests 
(Table 8), furthermore, 5 samples (Üh-4: 1st and 2nd, Üh-5:
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Ü h-2 95,178.69 616,014.27 279.42
1 09/12/1997 318.9 364.2 -38.2 -83.5 8 9.91
2 09/12/1997 318.9 364.2 -38.2 -83.5 8 8.00

Ü h -3 94,999.11 615,919.06 278.77 1 28/10/1997 119.5 131.2 160.1 148.4 2 7.60
2 17/12/1997 288.0 300.1 -8 .4 -20.5 3 4.20

Ü h -4 94,987.47 616,111.21 246.16

1 . 29/09/1997 - 17.5 - 229.1 — —

2 01/10/1997 - 28.6 — 218.0 — —

4 29/10/1997 70.9 96.2 175.7 150.4 l a 8.92
5 24/02/1998 280.0 300.2 -33 .4 -53.6 8 1.57

Ü h-5 94,828.32 616,006.77 280.43
1 23/09/1997 - 53.4 - 227.9 — —

3 07/11/1997 89.0 101.5 192.3 179.8 3 9.13
4 21/01/1998 215.8 265.8 65.5 15.5 8 7.83

Ü h-22 95,096.93 615,992.71 280.80

1 18/11/1998 78.3 80.1 203.0 200.1 — 6.79
2 09/01/1999 178.5 198.9 102.7 82.3 1 2.48
5 21/05/1999 176.8 198.6 104.4 82.6 6 4.53
3 22/02/1999 245.6 255.6 35.6 25.6 2 1.50
7 05/07/1999 288.5 318.8 -7.3 -37.6 5 2.87
6 11/06/1999 367.6 389.2 -86 .4 -108.0 4 0.09
4 01/05/1999 473.0 500.8 -191.8 -219.6 3 0.17

Ü h-23 95,275.97 615,968.97 276.66
1 16/11/1998 65.5 90.0 211.7 187.2 — 4.35
2 10/12/1998 165.0 181.5 112.2 95.7 1 4.37
3 04/02/1999 218.6 229.2 58.6 48.1 3 7.76

U p p e r  w a te r  sam p le s  fro m  b o re h o le s  U h -4 ,  U h -5 ,  U h -2 2  a n d  U h -2 3  w ere  ta k e n  fro m  c o n f in e d  g ro u n d  w a ter, w ith  n o  te s t . In  th e  3rd sam p le  fro m  
B o re h o le  U h -4 ,  th e  t r a c e r  c o n c e n tr a t io n  w as to o  h ig h , in s te a d  o f  it 4'" sam p le  w as ta k e n . T h e  2 nd sam p le  o f  B o re h o le  U h - 5  w as p o llu te d  by  te c h n ic a l 
m a tte r , in s te ad  o f  th e  3rd sam p le  w as tak en .

Is', Uh-22: 1st, Üh-23: Is') taken from the sedimentary 
overburden. In those 21 samples temperature, pH, redox- 
potential (Eh), electric conductivity (Ec) and free-oxygen con
tent, as well as alkalinity were measured on-site. In the 
course of laboratory studies, pH, conductivity (Ec) and 
free-oxygen content were measured again, additionally sili
ca and carbon-dioxide content (in form of HC03) were 
determined, hardness was calculated, and the same major 
and minor elements were detected as in other ground 
waters of the region. There are data on the thorium, urani
um and radon concentrations as well.

Based on the hydrochemical data one can outline the 
type, direction and rate of the groundwater flow, this sets 
constraints for the transport modelling and gives possibili
ty for independent check of the conclusions from the mod
elling. The same data are necessary for judging about the 
water-rock interactions as well.

— The water-quality characteristics of the Üveghuta site 
is as follows. The total salinity is 450-900 mg/1. The 
near-surface waters are of Ca-Mg bicarbonate type, 
sometimes with dominance of Mg. Deeper the Na 
concentration increases, but Na-bicarbonate waters 
do not appear in the region. The (Ca+Mg)/(Na+K) 
ratio is 8-10 near surface and falls up to 1 - 3 with the 
depth. The chloride, sulphate and nitrate concentra
tion only increases far of the site, due to communal or 
agrarian pollution. The nitrate content of the waters 
in the Üveghuta site is of natural (air-soil) origin

and disappears within 3000-5000 years. Hydrogen 
sulphide which appears sometimes is proved to be 
product of bacterial sulphate reduction. The organic 
matter necessary for the life of these bacteria is con
firmed to be of industrial origin and got into water 
with the tools used.

— The temperature o f infiltrating waters displays vari
able picture as concluded from stable-isotope data. 
Two main groups can be outlined in general: waters 
infiltrated under cold climate, in glacial period, and 
waters infiltrated under warmer climate similar to 
the present-day one. The difference is expressed in 
water ages in the same way. The distribution of those 
groups in the vertical section of the Üveghuta site 
displays a variable picture (Figure 5).

— In Boreholes Üh-5, Üh-3 and Üh-22, the waters of 
the first group appear at 50-80 m asl. and are char
acteristic of deeper horizons. Above them, from 
150-200 m asl. up to the top of granite, waters of the 
second group are situated. Between these levels, 
transitional values are observable. Since the tempera
ture change was rather sharp in time, the transition
al values are explainable in terms of mixing of waters 
of the two types. Boreholes Üh-4 and Üh-2 did not 
get out of the zone of mixed waters, whereas 
Borehole Üh-23 even did not reach it, this pointing 
to faster flow as compared with the other boreholes. 
Boreholes of different types aré alternating in space,
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this showing weakness of direct flow connections in 
horizontal directions. The faster flow mentioned above 
first of all means faster vertical flow.

— The affectation of the groundwater composition by 
drawdown can be demonstrated by comparison of 
samples taken from Borehole Üh-22 before and after 
interference tests. The changes ( Table 9) unambigu
ously show that the age of ground water decreased, 
and calculated infiltration temperature increased, i.e. 
the extracted water was substituted from-above, this 
pressing down the water-age zonation.

2.4. Site model

Below, the geological-hydrogeological model which can 
be constructed from the data outlined above is charac

terised. First, it is noted that of the 9 fracture zones of mini
mum 5 m vertical thickness penetrated in the Üveghuta site 
(Table 3) two were only studied by interference testing. 
This testing brought unexpected results, and left open 
some questions even in that part of the site which was 
covered by the responses. Therefore, the level of knowledge 
of the site cannot be regarded sufficient for modelling, and 
further interference tests will probably also bring surprises. 
Essentially, all the models are hypotheses, thus, it is true 
for them as well that they are acceptable after new date will 
not necessitate significant modifications in it.

Consequently, that model which can be constructed on 
the basis of the recent knowledge of the site is necessarily 
uncertain, and probably does not describe the natural situ
ation with the preciseness intended. In spite of this it can 
be stressed that — with an emphasis of the working-hypo-
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5. ábra. Az üveghutai telephely vízkorövessége izotópvizsgálatok alapján (Horváth 1999: 6.1. ábra)



thesis state — data available can be gathered into a consis
tent model. In construction of the model, a fundamental 
criterion was that the more data can be correlated in the 
model the more believable is the resulting picture. This cri
terion was followed while correlating collapsing intervals 
and in delineation of main fracture zones.

The only object directly observed by the testing is the 
hydrodynamically active belt, therefore, it was taken as a 
basis for constructing the model. The axial plane of the belt 
has been identified, but the boundaries and the thickness 
can only be characterised by considerations. From the axial 
plane, the belt extends in Borehole Uh-3 downwards at 118 
m, in Uh-4 downwards at 77 and upwards at 38 m (B alla

2000). Further extension upwards is limited by the upper 
source zone in Borehole Uh-22 in 169 m upwards which 
does not belong to the belt in question. It can be supposed 
that the vertical thickness of the hydrodynamically active 
belt is around 200-250 m and that its axial plane is situated 
in the middle. Position and type of the boundaries are 
uncertain and can be changed during the modelling, that is 
why these boundaries are not indicated in the structural 
model (B alla  2000).

From the structural model (B alla  2000), it can be con
cluded that the part of the belt above the axial plane would 
approach the lower section of Borehole Uh-2 and would 
be contoured by the steep fracture zone penetrated at the 
bottom of this borehole. Therefore, in the frame of the con
siderations above, an isolating sheet accompanying the 
fracture zone must be imagined. Similar feature has to be 
supposed in Borehole Uh-4 as well where above the upper
most of the responding zones a non-responding fracture 
zone is situated. As seen, both fracture zones, which were 
outlined practically independent of the interference test 
results at the bottom of Borehole Uh-2 as well as in the 
middle of Boreholes Uh-4 and Uh-5, behave as they are 
rimmed by isolating sheets. This feature may be related to 
he intense argillisation accompanying the big fracture 
zones. This process could result in practically complete fill
ing of the fissures in the rims of the fracture zones. The 
uncertain response in the lower section of Borehole Uh-2

may be explained in terms of incompleteness of the isolation.
The location of boundaries of the upper, isolated sec

tion of Borehole Uh-22 and those of the lower section of 
Borehole Uh-5 below the fracture zone can be directly 
based on the considerations above. Position and type of the 
blocks above the fracture zone in the middle of Boreholes 
Uh-4 and Uh-5 as well as behind the fracture zone at the 
bottom of Borehole Uh-2 remained unclarified.

It has to be mentioned that delineation of the main ele
ment of the hydrodynamically active zone can be disputed, 
but if this idea is rejected, there will be no possibility for 
constructing a deterministic model, and the modelling will 
be restricted to a stochastic version, conditions for which 
are now not present.

3. Conclusions

In the frame of the exploration of the Üveghuta site 6 
boreholes were drilled in 1997-1999, and single-hole and 
crosshole (interference) hydrodynamic testing of them was 
carried out. The resulting parameters show that the sound 
granite below 200 m asl. is a suitable medium for disposal 
of low- and intermediate-level radioactive waste. The most 
important suitability criterion is the slow water flow along 
deeply diving paths.

So far the prevailing majority of the fractures can only 
be characterised in a statistical sense. The most critical ele
ment of the hydrogeological pattern is the low-head zone 
penetrated by Borehole Üh-2 which fundamentally influ
ences the groundwater flow conditions. This zone is con
nected with a fracture zone approximately of ENE-WSW 
strike with steep dip at 84° towards the NNW, which is situ
ated in maximum some meters of the Borehole Üh-2. 
Waters arriving from the repository can reach the surface 
in the shortest time along this fracture zone, thus, the latter 
generates the greatest geological danger for the safety of 
the site. Therefore, perhaps the most important objective of 
the further exploration consists in detailed study of this 
fracture zone.
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