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l. Objectives

Protection of environment, ranging from the suletefto the atmosphere, has received in-
creasing attention in Hungary in the end of then2f@ntury due to the political transition, in-
creasing social awareness and due to decliningyhadustry and its remnant pollution.

Before the political transition, industry was exigecto be economic only, while modern so-
ciety expects the industry to be environmental-camns as well.

As a result of improving environmental legislatiand long-term low market prices, sub-
surface mining has almost completely ceased in Higngnd information on mining can be
obtained only from professional literature. Ore imgnin the Matra Mts. has a long history
that had the Recsk Deep Mines as its "big dreaneidlbpment of the Recsk Deep caused a
number of environmental problems, according togresent legislation. The long-term sus-
pension of the Recsk Deep by groundwater floodsngnique in Hungary and abroad.

Long-term suspension is not defined by the Hungaklene Law, therefore its definition ac-
cording to lois (2000a) is the following: The objective of longftesuspension is "saving the
mine for the next century and to maintain the guobti of reopening”. Flooding is a natural
consequence of mine closure, however it is a meahsng-term suspension in case of the
Recsk Deep Mines.

The objective of this research is to support thalyens of mine flooding (1) by defining the
original pre-mining groundwater levels, (2) by a#fig the groundwater depression during
the mine suspension period, and (3) by definingctreesponding infiltration rates. Further
objectives are (1) analysis of the flooding prodessonfined and unconfined aquifers based
on groundwater data for the first 5 years of floggliand (2) the analysis and comparison of
groundwater chemistry before and during miningvétidis, and after mine closure.

Mine flooding has brought up numerous questionsesit990. Based on earlier prognoses,
prospecting geological and hydrogeological datd, @mthe experience of the last 5 years of
mine flooding, we may obtain knowledge of sub-stefdhydrogeological and hydrogeo-
chemical processes that could be used in siminone areas as well.

Guideline of my research was provided oy ENER (1973):

"Life demanded and still demands from the RecskoDmes and from us ever: reopening!”



[l. Materials and methods

My research was characterised by gradual undeiis@iof the study area. When | joined the
Recsk Ore Mines Company in 1999, my duty was reladehe mine suspension activities. |
had to learn about the mine activities of the geestod and to prepare for the tasks of the
coming period. Parallel to this, | had to study émeironmental reports related to the prepara-
tion for the long-term mine suspension. | studiegteat number of reports and papers on the
Recsk Ore Mines and | also studied the nearby Lahdmes to fit it into the groundwater
model of the Recsk Deep Mines.

My calculations for the mine flooding process shdwleat the original pre-mining groundwa-

ter flow system had to be understood so | studieth@ Recsk Deep drilling reports (136 al-

together) kept at the National Geological and Ggeplal Archives. | designed forms for the

efficient collection of hydrogeological and geocheamhdata. Based on this investigation | re-
alised that mining reports deviate from the origohd@ling reports in some cases. Thus, | used
the original drilling reports throughout my resdgrand all my calculations, statistics and
model analyses are based on these data.

During my work, the original pre-mining flow diréshs, spring locations and groundwater
levels in wells were graphically represented. Thverce of spring data was the VITUKI Wa-
ter Research Institute Spring Register, while wath was taken from the VIZITERV Hydro-
logical Design Company Well Register. Groundwalewfanalysis was hindered by the lack
of coordinates in the Well Register, so well conaded had to be identified first. Coordinates
of only 80 wells developed in 1974 was identifiestduse the 2,150 wells in the Well Regis-
ter did not give extra information and because d@hgsected wells were distributed along a
500-700 m grid over the study area. A Microsoft &xxde was developed for the infiltration
calculations.

Hydrogeochemical data was interpreted in the lgflgampling, analytical and applied statis-
tical methods. Analysis included hydrogeochemiaidrom (1) drill hole and mine shaft
development reports, (2) the monitoring in the getrof flooding (November 1999 - May
2004), and (3) depths-stratified water samplesrtake€dune 2003. Statistical and data analysis
techniques used univariate distributions analyststane series analysis, and bi-variate corre-
lation analysis between the original measured #aitbaary de-trended time series. Statistical
analyses were performed by Statgraphics Plus \fe&sgoftware.



[1l. Theses

1. THESIS In the area of the Recsk Deep Mines theiginal groundwater flow direction
was calculated to be in the W, S, and NNE directian) that was modified to N-S and NE
directions by the Lah6ca Mines pumping, in accordace with the findings of KBFI
(1980). Calculated surface and groundwater flow dections also confirmed the original
flow directions.

Assuming unconfined conditions, stationary grountdw#ow and wells, it has been shown
that pumping in the Lahdca Mines between 1926-1&%&cted to a distance of 650 m. This
means that the original water levels in the Recslkedrillings was not affected by the La-
hoca Mines. Water pumping was necessary in the daMines due to precipitation infiltra-
tion, while latter in the deeper shafts (ore blovkd and X) pumping was necessary due to
water seepage from the streams around the Lahdca(Bhilata-patak, Aldozé-patak, Bikk-
patak).

Water pumping from the Lahéca Mines did not caugeificant change of the groundwater

system. Thus original water levels could be coe@dbr the depression conditions using hy-
drogeological results of &vY1 PALFFY (1971) and MRKO (1976) and the Recsk Deep drill-

ing reports data. Data for the Matraderecske Rma-fligrmal well since 1967 was also con-
sidered. (The effect of the Bukkszék pumping sib@87 can be also used for more detailed
investigations). The thus obtained flow is in the 8y and NNE directions (Figure 1) that can
be regarded as the original pre-mining piezometunidace. This model is confirmed by the

piezometric surface constructed based on springheticiata.
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Figure 1. Original piezometric surface for the stydarea ($moDpY 2005).



The original piezometric surface is almost identigdh the topographic surface apart from

the area at the Rm-111 and Rm-115 bore holes bethese are groundwater level minima at
these bore holes. The probable reason for the dweater minima is the double groundwater
level observed during Recsk Deep drillings. Douplaundwater level was observed in 8 bore
holes but no further investigation was carriedfouits analysis. Based on the geological, tec-
tonic and ore deposit characteristics around thelRinand Rm-115 bore holes it is probable
that the local minima marks locations of fractundgere groundwater is drained from the up-
per to the lower lithological units.

2. THESIS There is no need to distinguish the infitation properties of the Paleogene
strato-volcanic andesite, the diorite-porfirite intrusions, and the mineralised and hydro-
thermally altered versions of these rocks becausédre is no significant difference be-
tween their infiltration quantities that also simplifies calculations.

Infiltration analysis considered two cases:

1. Paleogene strato-volcanic andesite was considbesdntly infiltration area (Figure 2),

2. various rock formations within the paleogene stiailwanic andesite and its wall-rock
such as Oligocene clayey marl, sandstone and Mé&ueltano-sedimentary series were
also considered together with the paleogene su@lttanic andesite having identical
transmissivity.

Assuming 10 mm infiltration and 5.8®° m/s hydraulic conductivity, and having the ana-
Iytical model calibrated to the Rm-39 bore holes thtal yield provided by the sectors was
1411 I/min in the first case, while it was1398 Iinin the second case. Based on these results
it can be concluded that the paleogene strato-m@andesite and its various versions can be
regarded the same in terms of infiltration proextilt is noted that due to its chemical com-
position (NaKCl), Eocene limestone was regarded part of the basin bedrocks. The calcu-
lated hydraulic conductivity of 8, TBJ® m/s is a good approximation of the average hyétraul
conductivity of the strato-volcanic andesite (§18F m/s)published byGAGYI PALFFY et al.
(1971).
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Figure 2. Geological map of study area (FOldessy96)

(Key: 1: settlement, 2: shaft, bore hole, 3: groungater flow direction, 4: Recsk Deep Mines adits, S.a-
héca Mines adits, 6: fault, 7: Eocene andesite, dé&, middle strato-volcanic series, 8: Oligocene-Eene
andesite, upper strato-volcanic series, 9: Hiddenidrite-porfiric intrusion 10: Mineralised Eocene diorite-
porfiric ore breccia, 11: Zone of intenzive hydrottermal alteration, 12: Oligocene clayey marl, 13: M-

cene volcano-sedimentary series)

3. THESIS The average recharge rate by precipitatio in the strato-volcanic andesite is
1.81 mmly, while it is 1.12 mm/y elsewhere. The rag of the depression cone calculated
for 16 November 1999, for the -891 mBf groundwatelevel measured in Shaft Il was be-
tween 8,029-24,866 m (8-25 km)

The area of the strato-volcanic andesite exposetiesurface 11,3 kfrthat is covered by
Miocene and Oligocene rocks around the exposurif€i2). The covered part of the strato-
volcanic andesite has lateral water recharge piiyndihe carbon-dioxide, methane gas and
oil traces known in the Recsk area come from théearing Bukkszék Formation as shown
by carbon isotope studies. The present study lsasshlown the lateral recharge of the con-
fined parts of the strato-volcanic andesite.

Calculations for all sectors provided a 1745 l/yigld that deviates by 3,05 % from the 1800
I/min initial value indicating an approximate valfrem 1993, thus the obtained recharge
value is acceptable. The average precipitationargehin the strato-volcanic andesite is 1.81
mm/y while it is 1.12 mm/y elsewhere. The depressadius is between 8,029-24,866 m (8-
25 km) (in 1999) cross-cutting infiltrating rocksall cases.
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Figure 3. Depression surface developed by pumpinghe Recsk Deep Mines in 1999

(Somobpy 2005., map by 1Boss1989)
(Key: 1: clay, 4: loess, 5: river, stream sedimentd.3: sand, sandstone, 14: pebble, sand, 15: clalgyey
marl, sand, 18: Miocene andesite, 20: rhyolite, 2Xhyolite tuff, 23: clay, sand, 28: Eocene andesitd2:
clay slate)

These calculations show that hydraulic communicaisomore limited than assumed earlier.
In such a depression the deep mines are rechaggédbmm precipitation infiltration only
when the infiltrating rock (strato-volcanic andesits close to the well (Shatft Il in this case)
and it is pumped. Greater amounts of infiltratimcwr in the N, NW sectors that might be in
connection with groundwater inflow in the stratdeamic andesite or Triassic limestone. The
maximum 30 mm infiltration recharge for deep mig@spth 1200 m) seems a strong overes-
timation.

Precipitation infiltration occurs along fractures$tlopen by secondary and ore minerals. Rock
porosity has secondary role with respect to waterdaction as pointed out byzIBAGYI
(2002).

Although mine water pumping yield is different froiime 4-5 n¥min at 5 million tons ore
production as calculated in 1970, the 1.3min yield during the period of mine maintenance
fits into the depression extension predicted B@ PALFFY et al. (1971). Permanent infiltra-
tion conditions would develop in 30 years leadio@tL00 m depression extension.

Results are in concert with the report while thidtmation rate is much lower than that pre-
dicted by KBFI.



4. THESIS Values corresponding to the confined andnconfined aquifers in the flood-
ing curve of the Recsk Deep Mines can be used td@aate the minimum and maximum
values of transmissivity.

Mine flooding analysis was carried out for both ftoed and unconfined aquifers because the
system is gravitational and partially unconfinedhwdissolved gases. Two sections were iden-
tified in the analysis (Figure 4). Section | copesds to the confined aquifer. Section Il has a
mixed character due to fractures. Piezometric eaeé higher than in the confined aquifer
but lower than in the unconfined aquifers. For b&gbtions, however, both confined and un-
confined transmissivities were calculated becalsading rate has declined after section |
partly due to that the system became unconfined.

Transmissivity has been calculated to be lowertlier unconfined system than for the con-
fined case. Also, transmissivity is higher in seati in Shaft | than in Shaft Il. This difference
is attributable to that flooding rate was higheSimaft | than in Shaft Il. The skin effect value
below 6 (3.6) has proved the existence of a zonewfconductivity around the mine shafts
and adits (Table 1).
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Figure 4. Flooding curve of Shaft | (Somody 2005).



Table 1. Summary of calculated parameters

type of sys- Parameter unit Shaft | Shaft Il sections
tem
. km 1,8310* 2,0610* l.
unconfined (transmissivity) ntls 1,0710* 1,0110* 1.
- k 2,3210* 2,0210* l.
confined (hydraulic conduc- m/s 2,0410* 1,9610* 1.
tivity)
. _ 0,11 0,03 l.
confined t -
semi- con- 0,28 0,08 1.
fined
S (skin effect) ] 3,6

5. THESIS Trend analysis of hydrogeochemical timeesies of Shafts | and Il shows diso-
lution, precipitation and dilution processes. Analgis of time series after trend removal
yielded insight into the chemical-mineralogical corposition of host rocks. As flooding
progresses, a uniform mixed water chemical composiin develops in the shafts.

In the case of Shatft I, correlation between pH medals, and among the metals correspond to
the mineralised, primarily skarn, sections. Tresddefined here as the systematic, non-
random change of measured hydrogeochemical timessdirend removal is defined as the
removal of systematic physical and chemical effécisn the measured hydrogeochemical
time series by statistical methods. Trend in thérbgeochemical time series was calculated
by means of 3 or 5 point moving median filters. iBesls were calculated by the subtraction
of the calculated trend line from the original measl values. The thus obtained residual time
series retained only two correlations: pH~Fe and BIS. Results show that trend in the time
series is caused by the disolution, precipitatind dilution processes caused by the flooding
process.

For Shatft Il it can be observed that correlatioprimarily between the main water chemistry
parameters and correlations after trend removétatethe ore mineralization composition.
Trend reflects here the disolution, precipitatiowl ailution processes, too, promoted by water
flooding into the shaft at locations. Slowing ofnaiflooding and mixing of waters in this
shaft leads to equilibrium conditions, also showrite depth-stratified sampling.

Significant correlations were found between the rmaater chemistry parameters and be-
tween metals in observation bore holes Rm-18 aneBBnStatistical analysis of both original
and de-trended time series reflected rock composiiihese bore holes thus can be regarded
as background observation locations with respeatitee flooding since flooding has no ef-
fect on their hydrogeochemistry through flushingldution.

Statistical analysis of time series has shown ¢fffatts of change of analytical laboratorories
and effects of natural process cannot always lisgdisshed in the time series.



6. THESIS Stationer piezometric conditions are unkely within 50 years in the Recsk
Deep Mines area, thus there is no need to accourdrfthe movement of waters in the
shafts during this period.

Water transmissivity values decreasing with progirgsmine flooding indicates that stationer
piezometric conditions are unlikely within 50 years

Waters in the shafts do not bring contaminatiok biecause mineralized parts of mine adits
and shafts have already been flooded. Thus, hea&tgl moncentrations will further decrease
and remain insignificant.

Shafts are main elements of the flooding processutih which hydrogeological and hydro-
geochemical processes can be monitored. Thusstimyd play an essential role in the long-
term monitoring system, in particular because thgatrochemistry is different from that of

the observation bore holes.

Application of results

The fate of the Recsk Deep Mines has brought umiogytsince its opening. The covering of
the shafts is useful from a mining point of viewt lalso for obtaining hydrogeological and
hydrogeochemical information and knowledge appleab similar ore deposits. Findings of
this thesis can be used for support of decisionhéyuthorities.

Results of this thesis can help with answering faguarotection problems and regional ther-
mal water production design.

The groundwater depression cone developed by 19@%h& slowing flooding process makes
it desirable to study the whole affected area itdRealso providing information for the

analysis of the hydrogeological role of the DarnideLand for the analysis of the hydro-
geological connection of areas on either side @Darno Line.

The thesis results are used in the following omgaictivities:

1. the interpretation of tidal phenomena registeredth®y Recsk and Bukk karst area
monitoring system,

2. the analysis of the effect of the Recsk Mines pumg@nd flooding on the Bikkszék
thermal water system,

3. erosion and flood modelling for the catchmentshef Bikk stream and of the Paradi-

Tarna stream,

hydrogeochemical study of the groundwater in tlea affected by the depression,

interpretation of geothermal conditions in the Reldsep Mines.
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