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GEOLOGICAL AND SEISMIC INVESTIGATION
OF FORMER LIGNITE MINING AREA
IN ZIELONA GORA — TWO CASE STUDIES

The article presents two case studies of investigatarried out on plots of land,
intended for multi-family residential developmelytng on a former lignite mining
area in Zielona Gora. It was underground mininggraping in the years 1840-
1948. Lignite deposits were extracted with the raord pillar method, i.e. with an
overlayer collapse, causing deformations on thé&seerof the ground. In the first
case study, there was no detailed mining datarderao identify the geological
structure under the planned seven-floor multi-fgnblilding, seismic surveys
were performed with the technique of multichannehlgsis of surface waves
(MASW). Three seismic profiles were performed. Thieyealed the presence of
several zones where S-waves had smaller veloditiesaln order to verify wheth-
er the zones with the smaller values of velocityespond to e.g. lower soil densi-
ty resulting from collapsed exploitation room, sodrélings were undertaken to
the depth indicated in geophysical investigatioddifionally, the CPT and dy-
namic probing were also performed. The data obtiaaiwed to determine the
soil parameters necessary for the safe designamdiftion of the building. In the
second case study, a historical mining map withntlaeked location of the shaft
and the main galleries was used. Formerly, gecdbgiad engineering documenta-
tion for construction works had been prepared, dase 30-meter drillings and
soundings with a heavy probe. The mining maps hacontemporary maps were
mapped one on another carefully and accuratelipresd with historic buildings.
Thus, the accuracy of 5 m was obtained. Additignalhvestigation with the
MASW technique was performed. Ten seismic profilese performed, and then
verified by drillings. Also, dynamic probing in tivicinity of the expected location
of the shaft was performed. Neither the MASW inigegion nor the dynamic
probing did not reveal any alterations in the swoihdition, which would suggest
the presence of the properly liquidated shaft. Thased exclusively on the carto-
graphic material, the area comprising the liquidated backfilled shaft was estab-
lished. The area was excluded from the plans ®irtended building erection.

Keywords: lignite mining, Zielona Gora, seismic investigatiomultichannel
analysis of surface waves MASW, seismic estimat&®iT (N30)

1 Corresponding author / autor do korespondencjiiedgka Gontaszewska-Piekarz, Instytut Budownictwa,
Uniwersytet Zielonogérski, ul. Prof. Szafrana 1068 Zielona Géra, a.gontaszewska@ib.uz.zgora.pl
2 Jerzy Kiosiski, Geospectrum S.c. Krakéw, klosinski@geospecplim



312 A. Gontaszewska-Piekarz, J. Kibski

1. Introduction

The underground lignite mining was a rare phenomeénd?oland and was
restricted to Western Poland, mainly to Lubusz Land Lower Silesia, alt-
hough the bibliography describes mines in Greadéarfel [12,15]. There are few
works which considered the issues of hazards grisiom this exploitation.
They focused mainly on the inventory of the exigtileformations and the anal-
ysis of archival materials [2,13]. It was not urnlkie twenty first century that the
areas of the former lignite mining became objeétmterest, mainly due to the
expansion of residential construction onto the sbuSinkholes, which occur
from time to time, forced the owners or the loaatharity to undertake geologi-
cal and geophysical investigations. Such a sitnabccurred in the area of Tu-
chola [12] and Zielona Goéra. In recent years, tinenee been at least 4 sinkholes
there, of which 2 are attributed to the presencghafts (ventilation shaft and an
inconsiderable descending gallery), and the genwsthe other has not been
fully explained [7,17].

The first deformations of the ground surface in tbgion of Zielona Goéra
are as old as the lignite extraction. However, bseat was conducted primarily
in the woodlands and on agricultural lands, they mt constitute any threat.
In the case of extraction in built-up areas, pritecillars were designed under
individual buildings. There is no information abauty construction disasters
related to mining.

Until the 1990s, the post-mining areas (their rangs known) remained
undeveloped. Currently, they have been turnedlard intended for construc-
tion, which particularly refers to the suburbanasreRecently, comprehensive
geological and geophysical surveys have been dabie authors in several
premises within the town area in relation to trempled erection of buildings.

The investigations aimed at determination whetler $ubsoil for the
planned buildings did not contain voids (old wodsh or any layers with
smaller density resulting from void-collapses.

2. Lignite mining in Zielona Gora

Lignite was discovered in the surroundings of @iel Géra (south to the
city) in 1838. On 24th of November 1840, a lignitening enterprise was
founded. It was named “Friedrich Wilhelm”. The eptése was then trans-
formed into a company “Consolidierte Grinberger ligni. The extraction,
from shaft “Emilie” was commenced in October, 18814]. Lignite production
amounted to approximately 1 million hectoliters 1@00 tones) per year until
World War II. The lignite was primarily used in ate engines in the factories
and the spinning mills of Zielona Gora. After thecnd World War, the pro-
duction was resumed, but in 1948 the mine was dldesvn. Lignite of “Con-
solidierte Grunberger Gruben” was mined on the argiah now lies within the
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Zielona Goéra borders, and then it was systemajisdlifted to the west, toward
the village of Wilkanowo and Stone. In the 1920tke extraction was concen-
trated between the present streets Wojska Polsldedd-wycka. In the subse-
qguent years, the lignite deposits were exploitethindo the south of the present
Luzycka Street. In the 1930th, lignite was mined belytire borders of Zielona
Gora (Fig. 1). The history of Zielona Gora lignitening was described in de-
tails by the author in, inter alia, [6]. Apart fro/@onsolidierte Grinberger Gru-
ben” company, there were a dozen smaller minesatipgrmainly in the 19th

century.
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Fig. 1. Lignite mines near Zielona Géra — 1 — re&ds railways, 3 — mine, 4 — exploitation area“Gfonsoli-
dierte Griinberger Gruben”. Other mines: 1-Ferdin@dukunft, 3- Langerschnt-Gliick,4- Mathilde,5-r&6
ter, 6- Johann Carl, 7- Gliickauf, 8-Consolidiertel(9-Cosel [5]

Rys. 1. Kopalnie wgla brunatnego w okolicy Zielonej Gésy1 — drogi, 2 — kolej, 3 — kopalnie, 4 — tereny
eksploatacji ,Consolidierte Griinberger Gruben”. dnkopalnie: 1-Ferdinand, 2-Zukunft, 3- Langerschnt-
Gluck,4- Mathilde,5- Forster, 6- Johann Carl, 7a¢kauf, 8-Cons. Carl, 9-Cosel [5]

The majority of lignite deposits, which were expéai before the war, was
found in glaciotectonic disturbed structures. la tase of Zielona Gora, the lig-
nite deposits occur within the moraine formed dyrthe Warta glaciation,
called Wat Zielonogorski. Glaciotectonic structuwas of a prior importance for
the availability of the deposits. Before the wagnite was mainly extracted
from glaciotectonic disturbed structures, wheredéposits, originally occurring
at considerable depths, were “squeezed” towardsuhface in a form of anti-
clines or saddles. The subject of the mining operatvas the layer called "1.
srodkowopolski”, also called in Western Poland agfHk” layer, and in the
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pre-war German literature — “Oberfl6z”. The ovedmm of the layer consists
prevail clays of Pozraformation. Their characteristic feature is thecdigtinui-
ty of their layers, varying volume and declines tapvertical). The volume of
the Zielona Géra deposits amounts not more thad &

The deposit was accessed through shafts, slopdsrirontal galleries
which were later used to transport the excavataémahonto the surface. In the
Zielona Gora mines, the shafts (vertical) were Ugdmilt in the highest points
of the saddles and then they were adjusted togbkogical structure of the par-
ticular deposit. The shafts were of square oraregilar cross-sections, with the
area of up to 20 fn The applied casings were made of brick, conaetsood
(where only short, several-year exploitation wasigaged). Next, shaft sump
and transportation galleries were performed. THierges were built in the bed
floor every 20-30 m [3]. Due to the frequent ocenge of saturated sands, both
in the ceiling and the footwall of the depositniig was avoided to be broken
through. The lignite deposit was divided into redtjppe fields. The extraction of
the deposit started at the border of the field #reh moved backwards to the
main gallery.
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Fig. 2. Exploitation in steep layer with small tkness (based on [8]); 1-exploitation
gallery, 2 —lignite, 3-collapsed space

Rys. 2. Eksploatacja w stromym poktadzie o niewéglgrubdci (na podstawie [8])

Lignite was extracted with the room and pillar noetH4]. In this method,
the lignite is extracted in rooms where protecipars of unextracted lignite
are left behind [8,12]. Where lignite deposits ateeply sloped, the galleries
were constructed one over another (Fig. 2), andetkteaction was carried
downwards. Such galleries were interconnected shtfts in which the extract-
ed lignite was dumped down, and then to the malleryaalong which the ex-
tracted lignite was transported to the shaft suhipe. volume of exploitation in a
room did not usually exceed 5 m, and the roomfitgat as big as 3x4 up to 4x5
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m, and it rearly reached the size of 30Buring the extraction process, the roof
was protected with a wooden casing (with roof bstands and cladding). After
the extraction process was terminated, the woodralaised, which caused the
collapse of roof layer. When it was necessary rdoen was blocked with flood
protection damns, especially in the case of thaiwence of saturated sands at
the top of the seam. After the collapse of thd tager followed by fragmented
rock mass collapse, the extraction was continugiD[8However, it may be as-
sumed that some remaining of the wooden casingtrhigbe been left over in
the old rooms, and they might have persisted twdihy in favorable conditions
(under water) [12].

3. Methodology

Due to inconsiderable sizes of galleries and etation rooms, it was im-
possible to determine their layout in the subsdihwirillings. It was necessary
to use geophysics methods. The authors decidesktthe MASW technique.

The multichannel analysis of surface waves (MASVé¢thad is one of the
seismic survey methods evaluating the elastic itiondstiffness) of the ground
for geotechnical engineering purposes. MASW firgasures seismic surface
waves generated from various types of seismic ssuiguch as sledge hammer)
analyzes the propagation velocities of those sarfaaves, and then finally de-
duces shear-wave velocity (Vs) variations belowgheveyed area that is most
responsible for the analyzed propagation velocigtgsn of surface waves.
Shear-wave velocity (Vs) is one of the elastic tams and closely related to
Young's modulus. Under most circumstances, Vs diract indicator of the
ground strength (stiffness) and therefore commaisiyd to derive load-bearing
capacity. After a relatively simple procedure, filg information is provided in
1-D or 2-D.

MASW is one of the modern and the easiest neaesarshallow seismic
methods that provides highly favorable and competsults. Data acquisition
is significantly more tolerant in parameter selmttithan any other seismic
methods because of the highest signal-to-noise (&tN) easily achieved. This
most favorable S/N is due to the fact that seisuiface waves are the strongest
seismic waves generated that can travel much lotigeance than body waves
without suffering from noise contamination. Additally MASW discriminates
useful signal from harmful noise, then assuresnareased resolution when ex-
tracting signal in the midst of noise that can bgtlaing from natural or cultural
activities to other types of inherent seismic wagenerated simultaneously
(higher-mode surface waves, body waves, bouncedsyatc.)
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4. Investigation of post-mining areas — case study 1

On a plot in Prosta Street in Zielona Goéra (Fig.tByee multi-family, 4-
floor buildings are planned to be erected. The marn depth of foundation is
planned at -5,02 m, and the expected load forgéniE 210 kPa.

The southern part of the plot (now forested) wasdatea of a former under-
ground lignite extraction. The exploitation toolagd within 1878-1884 with the
following shafts: Schacht 23, Forderschacht andsi@rschacht. No data relat-
ing the layout of the galleries has remained. Hawgethe area of lignite extrac-
tion is known from maps from the 1930s (Fig. 4)eTdetailed locations of the
shafts have not been established, despite the ousmérials to calibrate the
maps. The failure to properly calibrate the maps d@ae to the fact that there
were no other buildings in the considered areaentine was situated outside
the former borders of the town. It may be inferfinin both the careful analysis
of the mining maps and the remained cross-secf{féigs 5), that lignite deposit
was mined form the saddle situated in the (c.a&) -eavest direction. The south-
ern wing went downward under a slight angle, whettb@ northern wing was
almost vertical. The shafts were located to thétimom this wing or directly in
it. Thus, it may be assumed that the location efghafts suggests the northern
reach of the exploitation. The deepest exploitatjatiery was located on the
level of 88.33 m a.s.l. (depth of about 50 m).
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Fig. 3. Surface topography of Prosta Street fraselt scanning (LIDAR)1 — exploitation area,
2 —investigated area. Seismic profiles are markizgh source: geoportal.gov.pl

Rys. 3. Powierzchni terenu okolic ul. Prostej wadtie skanningu laserowy (LIDAR). — zasig
eksploatacji, 2 — badany teren, zaznaczono liroélpsejsmicznychzrédio mapy: geoportal.gov.pl
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Fig. 4. Mining map, scale 1:1000. Shafts (with depth), main mine galleries and exploitation

dates are marked
Rys. 4. Fragment mapy goérniczej w skali 1:1000. ndazono szyby wydobywcze wraz

gtebokdscia, gtéwne chodniki oraz lata eksploatacji
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Rys. 5. Przekroj przez szyb 23 oraz poktad ekspleaty tym szybem

Fig. 5. Schematic cross-section of Shaft 23 anliljitste layer
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Directly to the south from the area intended far buildings, a considera-
ble number of deformations are found, mainly ofirautar shape, with the di-
ameter of about 2 — 4 m and the approximate depthn@ They can be perfect-
ly seen in the laser scanning image (Fig. 3). Thetnmportant objective of the
investigation was to establish the northern booddéhe exploitation area. In or-
der to do so, the following actions were performted: drillings to the depth of
10 — 20 m, dynamic probing and static probing deevthe depth of 13 — 21 m.

The drillings and the CPT probing allowed a dethildentification of the
geological structure of the area. The following @md: the occurrence of fine
sands (mainly in the top of the layer) and mediwands (partly mixed with
gravel), in a compacted state. The thickness ofstdreds amounts, at least,
10 — 20 m, their (probable) floor was reached anlgne point, at the depth of
17.5 m. In two points, sandy clay or loamy sanérip¢ddings were found. Be-
neath the clays, Miocene sediments should be fdigmte including, but the
performed drillings did not reach their roof. ThBTprobing did not reveal any
zones of poorer compaction which could be corrdlatgh the loosened soil
over the workings. A free surface of the watergalhs found at the depth of
12.5 - 17.0 m under the ground, accompanied bfldlaeof underground water
in the southern direction.
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To supply the geological recognition with more detaseismic surveys
were performed with the use of the multi-channelasie wave analysis MASW
[1, 16]. The scope of the survey included the faromaof three seismic profiles
of the total length of 345 m. Parameters of actjarsiwere: source type: seis-
mograph Geode-24CH, 10kg sledge hammer , stackirdi@,=line length =
= 115 m, source interval = 5 m, number of shotgom25; 4,5Hz vertical geo-
phones, geophone interval = 5m , sampling=0,25aw®rd length = 3 sec.

The MASW cross-sections revealed that the wavel figds variable. The
interpretation allowed establishing the seismic fatanry which responds to
a footwall of a poorly compacted layer. Seismicssrsection II-1I' (Fig. 6.)
shows a typical zone revealing the occurrence tdwamable phenomena. In the
central part of the cross-section, the depth o$nsiei boundary is lowered.
In addition, seismic anomaly zone in this area lbeen marked. This anomaly
zone can be related with areas of decreased S-weleeities. Additionally,
in the indicated zone, on the surface of the grothete are a number of discon-
tinuous deformations in a form of sinkholes.

Moreover, on the basis of the MASW cross-secti@nseismic estimation
of the SPT (N30) probing was carried out, whiclow#d rough evaluation of
the alterations in the state of soil compaction [Hje assessment applies the
following relation:

Vs =97 Ngg'** (1)

where: \k — the S-wave velocity,
N30 - the estimated number of hits with the cylicalr probe SPT (to
achieve a 30-cm progress).

The performed investigation allowed the determoraf the boundary of
former exploitation area. Generally, it overlaps #rea of deformations visible
on the surface of the ground. The investigationdli(dys and CPT probing) per-
formed a several meters apart from the edges ditikdoles did not reveal any
decompaction of soil down to 20 m below the surfagéhich is much deeper
that the expected impact range of the planned ingid(ca. 12 m). The seismic
anomaly occurring in one of the cross-sectiongy.(B), complies with the lay-
out and depth of the exploitation galleries.

5. Investigation of the post-mining area — case stud¥

Three multi-family, 4-floor, buildings (provided thi cellars) are planned to
be built in a plot in Godlewskiego Street in ZiedoBo6ra. In 1923 — 1927, lignite
deposit was extracted in the south half of the, plith the use of Friedrich Ost |
shaft.
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Fig. 7. Overlapped maps: present (black) and oldingi (red). Investigated area, hinge line of
lignite saddle and Friedrich Ost | shaft (FOI) werarked

Rys. 7. Natdgone mapy: wspoéiczesna zasadnicza (czarna) orazryigha gornicza (czerwona).
Zaznaczono badany teren, przegub siodta oraz szgbirieh Ost | (FOI)

Fahr - u. WetterScht. Friedr. Ost |
Hgbk 171.7

150m M

0 20m
| IS | |

Fig. 8. Cross-section of lignite layer in Friedri€bst | shaft in Zielona Gora. Explanations:
16 m-S — gallery in the depth of 16 m, UM — aslbKklg set ordinate [5]

Rys. 8. Przekrdj przez siodtoggla eksploatowane szybem Friedrich Ost | w ZieloBéjze.
Objasnienia: 42 m-S —chodnik nagflokasci 42 m, UM —n.p.m. Hgbk — ¢dna nadszybia wg [5]
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Fig. 9. W-E cross-section of lignite layer in Frieth Ost | shaft in Zielona Géra
Rys. 9. Przekréj W-E przez siodta:gla eksploatowanszybem Friedrich Ost | w Zielonej Gorze

The shallowest gallery (Sattelstrecke), was sithatehe depth of ca. 16 m,
and the deepest — at 52 m (beyond the boundariteedhvestigated plot). An
old mining map (in the scale 1:1000) remained ® phesent times as well as
a cross-section running through the shaft (FigA8)gnite saddle was exploited
along the direction SW-NE, and the neighbouringdagas situated directly to
the south. The mining map was calibrated with thet@mporary map basing on
the pre-war buildings. It allowed to locate a exaition shaft with the accuracy
of app. 5 m.

Geological documentation, prepared in 2006 and dbase 22 drillings
down to the depth of 10-30 m, questioned whetlgeite exploitation took place
since the investigation did not find any evidencevimg it. However, the re-
mained mining maps (of which the author of the deentation had not known)
do not allow such statement. The surface of tha hes been strongly changed
in the post-war years, there are no charactedstiormations. In 2015, in order
to clarify the geological and engineering condiipRMASW survey was carried
out, followed by additional drillings and dynamimping. The subsoil includes
embankments, mainly sandy, with thickness up tori.5Beneath, there are
mainly silty sands, fine or medium size, medium-pagted, more than 20 m
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thick. There are places where boulder clay intedbegs can be found, up to 7 m
thick. Under the Pleistocene sediments, there doedie sediments — silts and
clays. The deposits form the mentioned before ssddithe SW — NE direction,

no lignite was found in any of the drillings (FB). The table of the underground
water occurs at the depth of 13-16 m below the mpicgurface.
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- drilling from 2006
- drilling from 2015

- seismic profile

' -investigated area

- shaft location

Fig. 10. Location of seismic lines
Rys. 10. Lokalizacja linii profile sejsmicznych

The scope of the seismic surveys (MASW) for the iehovestigated area
included 10 seismic profiles of the total lengtHL@b0m (Fig. 10). Parameters of
acquisition were: source type: seismograph Geod#424.0kg sledge hammer,
stacking = 10, line length = 115 m, source intersvd@ m, number of shotpoints
= 25; 4,5Hz vertical geophones, geophone intervBhs sampling = 0,25 ms,
record length = 3 sec.

The scope of the geophysical survey included thegmition of the possi-
ble presence of voids (old workings) or zones adlfn soil density in the sub-
soil of planned buildings. Its objective was alsoverify the location of shaft
Friedrich Ost I. The location was initially detemad on the basis of archive ma-
terials (Fig. 7) to avoid constructing the planmediti-family houses in the vi-
cinity of the shaft.

In the neighbourhood of the expected location afftskriedrich Ost I, two
seismic profiles (crossing each other) were peréatnBoth for profile VIII-
VIII' (Fig. 11) and VII-VII', no disturbances werfound in the soil structure. In
order to verify the investigation results, a bolel®-8) was drilled down to the
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depth of 14 m at the intersection of the profilassimed location of the shaft).
The investigation, too, did not confirm the presen€the shaft in this location.
However, the boreholes performed closest to theaed location of the shaft
revealed artificial sediments up to 7 m thick. Daoehe lack of precise infor-
mation on the location of the shaft, a safety aoae established on the bases of
cartographic data. The zone was excluded from dpwatnt.
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Fig. 11. a) Seismic profile VIII — VIII' and b) SPNI30 estimation profile
Rys. 11. a) Profil sejsmiczny VII-VIII', b) estym@cSPT N30

The excavations for foundations revealed the oetwee of area subsidence
to the depth of more than 6 m. They were filledwdebris and other waste from
previous building sites (from the 1970s). The stésce may be of a post-
mining origin.

6. Summary

The post-mining areas in Zielona Gora are locatettié centre of theown,
and until recently they were mainly wastelands.réntty, they are intended to
be turned into housing estate areas, which makesciéssary to determine the
geological — engineering conditions, in order téelyaplan the erection of the
buildings. There are neither elaborated procedoresuch investigations nor are
any comparisons of the effectiveness of variougphgsical methods in such
geologic conditions (mining of glaciotectonic disted lignite deposits). After
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wooden casings had been removed, an immediatgseliaf the soil took place,
followed by the flooding of the remained void byiwsated sands. After almost
100 years since the termination of exploitatiomadt all the gobs have been
squeezed, and the deformations of the surfaceecditba have ceased. However,
sinkholes, which have appeared in the last fewsyganove explicitly that the
process has not ceased everywhere. Most probdig@ywboden casing might
have not been removed everywhere, which was prbyete results of drillings
(wooden remaining were found in some tested w@lig]. The occurrence of
sinkholes after such a long time of the exploitatiermination can be explained
by considerable compression strength of the cg#imeg load of the overburden)
and the absence of the atmospheric oxygen (catisiger decay) due to the
fact that the workings were flooded.

The seismic method (MASW), applied in the describaske studies, did not
always confirmed the expected results. Its effecigss is conditioned by e.g.
type of soil or by the prior identification of thecation of the shaft (since it de-
termines the precise location of the seismic pesjil It should be noted that the
assumed location of shaft Friedrich Ost | (discdssethe second case study)
was marked on the map in the process of recaloulati the ordinates from the
old maps which were in different geodetic coordisatit could cause some in-
accuracies in establishing the real location ofghaft, and thus resulted in its
“omission” by seismic profiles. However, the seismurvey aimed at recogni-
tion of the subsoil of the whole investigated amaa] were not restricted to the
shaft searching.

The factor hindering the geological — engineeriagognition is also the
level (depth) at which the exploitation took plattesometimes exceeded 50 —
70 m below the ground. There is no sense to prode#ihgs at such depths
because of width of exploitation gallery (with ro®m- ca. 5 meters.

The described geological — engineering investigatidid not answer to all
the questions. However, they allowed determinatibthe soil parameters nec-
essary for designing the planned buildings. Somehef buildings are being
erected at the moment.
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BADANIA GEOLOGICZNO —INZYNIERSKIE ORAZ SEJSMICZNE
NA OBSZARACH DAWNEGO GORNICTWA W EGLA BRUNATNEGO
— DWA PRZYPADKI Z TERENU ZIELONEJ GORY

Summary

Artykut przedstawia badania, jakie przeprowadzomodwdch przyktadowych dziatkach
przeznaczonych dla zabudowy wielorodzinnejégch na terenie dawnego goérnictwagha bru-
natnego w Zielonej Gérze. Byto to gornictwo podziemdziatagce w latach 1840-1948. dyiel
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brunatny eksploatowany byt metpfilarowo — komorowg, na zawal, powodua¢ powstawania na
powierzchni deformacji terenu. Dla niektérych fragmow miasta zachowatyesinapy gornicze.

W pierwszym przypadku brak byto szczegétowych dangérniczych. W celu rozpoznania
budowy geologicznej pod projektowany budynek wiettmsinny, 7-kondygnacyjny wykonano
geofizyczne badania sejsmiczne technikelokanatowej analizy fal powierzchniowych MASW.
Wykonano 3 profile sejsmiczne. Wykazaty one kilkawielkich stref cechagych s¢ nizszymi
wartasciami prdkaosci fal sejsmicznych poprzecznych S. W celu werydjkaczy strefy obnien
predkosci zwigzane g np. z obnionym zagszczeniem gruntu wskutek zawatu stropu nad komo-
rami eksploatacyjnymi wykonano odwierty deglgbkasci wskazanej badaniami geofizycznymi.
Wykonano take sondowania sogdCPTu oraz sondowania dynamiczne. Uzyskane dangqtiez
ty na okrdlenie parametréw podia koniecznych do bezpiecznego zaprojektowania pygadia
budynku. W drugim przypadku depna byta mapa gornicza z lokalizagzybu oraz gtéwnych
chodnikow.

Keywords: gornictwo vegla brunatnego, Zielona Géra, badania sejsmiczrelokanatowa
analiza fal powierzchniowych, MASW, sejsmiczna esdgja SPT (N30)
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