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Polish Copper Basin is located in South-
Western part of Poland. between two towns Lubin and
Glogow. The Polish abbreviation for the name of this
basin is LGOM. It will be used through the paper. In
this area two kinds of influences of mining
exploitation on the surface and on the rocks mass there
can be distinguished:

« direct influences, caused by displacement of the
rocks to the free space created as a result of mining
activity

- indirect influences, caused by water escape that, in
turn, is a result of draining action of the mines.

For protection of on-ground objects the direct

influences are of main significance. On the other
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hand, the indirect influences are less important. The
latter cause depression of the terrain level which could
be dangerous only in a case of considerable unequality
of the depressions.
INTRODUCTION

The Since the very beginning of mining activity in
this area (ie. since about 1960) investigations and
measurements aiming at discover of factors shaping
the deformation process have been carrying out there.
For determination of the terrain surface movements a
precise levelling network of second class was estab-
lished in the area of LGOM, it was tied to the first-
class levelling points. For tasks connected with engi-
neering surveying of the mines as well as for studies
of horizontal displacements, a control horizontal point
network was also established. in a local reference sys-
tem of coordinates. called "Pieszkowice".

2. VERTICAL CONTROL NETWORK OF SECOND
CLASS IN THE COPPER BASIN AREA

The vertical network covers terrain of area of
about 400 km®. Distances between bench-marks of the
network amounts to 1.5-2 km. The first results of mea-
surements from early sixties were devoted to engine-
ering surveying of constructed objects of the basin.
The next measurements performed in 1967. 1971,
1975 and further on every 2-3 years discovered that
deformations resulting from mining activities fook
place on the terrain. After the deformations were
discovered the time span between successive
measurements was shortened to 1-1.5 month.

Detailed analysis of the measurements results
from 1971 and later proved that there existed. and
what is more, in the degree bigger then 1t was sup-
posed, the indirect influence of the copper ore deposit
exploitation on the terrain surface. caused by the rock
mass drainage. The vertical movements which follo-
wed the drainage began to extend and cover bigger
area, considerably overrunning the area of the direct
influences. It caused the necessity of expanding the
network. Nowadays, the levelling network covers an
area of about 2300 km’, it consists of 1241 km of le-
velling poligons. 149 lines and 78 points. Measure-
ment accuracy my, of I km of the network amounts to
0.75 to 1.2 mm.

3. HORIZONTAL TRIANGULATION CONTROL
NETWORK

The studies of horizontal displacements in

the area of LGOM were carried out in the years 1976~

88. being repeated every 2-3 year. The studies

comprised points of the control classical LGOM

network as well as the points belonging to chosen
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observational lines. The last classical measurements
were performed in 1988. The angles of the network
were measured with theodolite WILD T-3 (ma =
5%), while the network's sides were measured using
electrooptical distance meter (my = 5mm +dxlO® ).
Coordinates of the points belonging to the control
network of LGOM were computed in the local system
"Pieszkowice". Average value of the mean error for
the point positioning does not exceed 20 mm.

On the basis of comparison of the coordinates
obtained in 1976 and in 1988, the wvertical
displacements of selected triangulation points, which
were to be used as tying points, were determined. The
maximal obtained displacement amounted to 247 mm,
and the maximal change of the azimuth was 300°C.
Accuracies of these determinations were estimated to
be from 8 to 36 mm for the sides, and from 2 to 32°¢
for angles. On the basis of these results a conclusion
of necessity of further measurements in the LGOM
area was derived, because of considerable changes of
points positions caused by mining activities. An
analysis of possible types of further measurements
taking into consideration the costs, speed and accuracy
was performed and the GPS technique was chosen as
an optimal one in the case of these studies.

4.3-D CONTROL NETWORK MEASURED WITH
GPS TECHNIQUE

The GPS control network in the Copper Basin
area consists of 53 new points. Also 6 existing points
of the Polish National Network of the first class have
been included to the network, and they were used as
tying stations. The GPS network should fulfil the
following three tasks:

* orientation transfer to the mines by computation
means

* study of displacements on the terrain of mining
activities

* study of displacement of safe barrages of post-
flotation water reservoirs named "Zelazny Most"
("Iron Bridge") and "Gilow".

In connection with that what has been listed,
location of points belonging to the GPS network had
to meet these purposes. Near exploatory shafts there
were designed and established sets of points serving
for orientation transfer underground, the remaining
points were designed and established around the post-
flotation reservoirs. As reference points there were
choosen 6 points of the first-class national
triangulation network located outside the region which
undergoes the influences resulting from the drainage
of the rocks. Sketch of the established points of the
GPS network is given in Fig. I.
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FIG. 1. LGOM GPS network
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4.1. MEASUREMENTS METHODOLOGY

The GPS measurements were carried out on
9-13 of October, 1993, using 6 Ashtech receivers (4
dual-frequency and 2 single-frequency). Static
sessions of duration of 90-120 minutes were
performed. Before the campaign the proper
observation windows were choosen taking into
consideration geometric distribution of satellites
(PDOP) on the sky. The analysis was carried on the
basis of approximate satellite ephemerides (the so
called Almanach) taking advantage of the Ashtech
Multi-Site Planning Mission Program [Ashtech,
1990]. During the campaign there were 24 GPS
satellites available. When setting the order of vectors
to be measured, conditions of visibility as well as
optimization of travel time between the points were
taken into consideration. The measurements taken at
the points to be positioned were referred to on-ground
centers of the points monuwmentation.. while the
measurements at the 6 tying points were referred to
under-ground plate centers.

4.2 COMPUTATION OF VECTOR'S
COORDINATES

Computation of approximate coordinates of
individual vectors of the network was performed using
the standard Ashtech software called GPPS (GPS
Post-Processing Software. ver. 5.0) [Ashtech. 1990].
The computations were carried out on the basis of data
recorded on LI frequency. making allowance for
troposheric  corrections computed for standard
meteorclogical data. The satellites for which the
elevation was less then 15° were neglcted during the
computations.

4 3 ADJUSTMENT OF THE GPS NETWORK IN
WGS 84 SYSTEM

Adjustment of the network was performed
with the GEOLAB program ver.1.9 ( Bit Wise Ideas
Inc.) [ GEOLAB, 1990]. in the satellite reference
system WGS 84, Parameters of the confidence ellipses
for 3-D points positioning after the adjustment (at the
confidence level of 95%) are as follows:

* major semi-axis: from 5.1 to 9.4 mm
* minor semi-axis; from 3.9 to 7.3 mm

Mean errors of ellipsoidal heigth determinations range
from 81015 mm. The parameters of relative
confidence ellipses can be summarized as follows:

* major semi-axis: from 2.6 to 8.3 mm * minor semi-
axis: from 2.2 to 6.0 mm.

Mean errors of height differences determinations are
from 4.3 to 13.5 mm.

The network of adjusted vectors is presented in Fig. 1.
The adjusted coordinates were next transformed from
the WGS 84 system to the local plane reference
system called "Pieszkowice".

5. ACCURACY ANALYSIS OF RESULTS
OBTAINED FROM GPS MEASUREMENTS
To assess real accuracy and reliability of the

GPS results, the obtained coordinates were compared

to those obtained on the basis of classical

measurements performed for selected points of the
network. The latter were carried out by a team from

thé Mining-Technical Academy in Cracow, in 1993.

The comparison comprised points located in the

region of the post-flotation reservoir "Zelazny Most",

having numbers 100, III, 201, 219, 411 and 500 (see

Fig. 1). The coordinates of these points were

transformed to the local reference system "Zelazny

Most". Also 3 tying points were included to the

transformation as references, these had the following

numbers and names: 15- Proszyce, Gl- Gawrony and

WI1- Wadroze. The transformation was performed in

two stages, as follows:

* Transformation from the WGS 84 to the Transverse
Merkator system with the center meridian
coinciding with the point 500, the scale at the
central meridian was set to 1.0

Transformation from the Transverse Merkator system
to the local reference system "Zelazny Most".

The transformation results are given in Table I.

Table 1.
The WGS 84 to "Zelazny Most" transformation results. The transformation error m, amounted
to 0.004 m.
No of point Vx[m] Vy[m]
100 0.002 0.003
I -0.003 -0.003
201 0.000 -0.001
411 0.003 0.000
219 -0.001 0.001
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6. CONCLUSIONS
At this stage of the experiment the following
conclusions can be derived:

. The comparison of GPS with classical results

proved that the (X,Y) coordinates of the network
points can be determined using GPS technique with

accuracy not worse then 3 mm. This comparison
shows high reliability of GPS measurements.

. The detailed network of the Copper Basin Area can

be tied to fiducial points located outside the region
influenced by mining deformations. Using the GPS
technique for this purpose makes it possible to
avoid establishment of intermediate points between
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the fiducial points can be repeated in relatively
short time. It enables monitoring of real horizontal
deformations of the terrain

under interest.
4. Taking into regard the size of the Area of the

Copper Basin (2300 km ) being influenced by
mining activities and, on the other hand, the above
listed advantages of GPS method, it can be
concluded that the satellite technique of
measurements is the optimal one for horizontal
deformations monitoring in this area.
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J1.B.Bbapan, C.Owak, A.Bacinescki, P.Kypninbcki, 3.0Keneuka
BUKOPHUCTAHHSA METOZY GPS JUISl MOHITOPUHI'Y BACEHHY MIJIHUX PV ]I B MTOJIbLi{I
Pesrome

Tepuropis  Gaceliny Minaux pya ruomero 6nusbko 800 KBaapaTHHX KiNOMETpiB po3TamioBaHa y IliBaeHHO-
3axiauii 4actuni [lonpuwi. IATeHCHBHE BMAOOYBaHHS KOPHCHMX KOTIAIMH NPMBOAWTH 1O 3HAYHMX medopmauiit
Ha noBepxHi Gaceitny. ¥ 1993 poui IncTutyrom reomesii Ta dororpamerpii Gyna 3acHoBana GPS mepexa mis
MOHITOPUHTY LuX Aeqopmautiid. JIOBKMHH CTOPIH Mepexi CTaHOBNATH Bifl KUTIBKOX cOT MeTpiB 10 42 kM. I1in uac
crioctepexHoi GPS kamnanii y xoBTHi 1993 poky 6y10 Bukopuctano 6 GPS npuitMauis Tumry Ashtech MD-XII.
CnoctepexenHs Gynu onpauboBani nporpamuum nakerom GPPS Bepciit 5.0. B pesynsTaTi ypiBHOBa)KeHHS
OTPUMAaHO HaCTYNHi NapameTpH elinciB noxu6bok (95X) nns myHKTIB:

- roJioBHa MniBBick Bia 2.6 10 8.3 MM,

- MiHIManbHa MiBBick Big 2.2 10 6.0 MM.
3 MeTOl0 N0JAaTKOBOrO KOHTPOMO TOYHOCTI Ta HaiffHocTi BUMipiB y Mepexi Oyno NpoBeseHO TNOPiBHAHHA
pesysibTartis Bumipis 3a GPS Ta knacuymmmm  Metomamm.  PisHMUA MK KOOpAMHATAMM BHOpaHWX MYHKTIB
craHoBuna Bin 1 mo 3 mm. Jlna MOJaJIbIIOTO BUBYEHHA  Jedopmanifi  nepenbayaeTbes NpoBeneHHS
MepioAMYHNX BUMIPIB Y UbOMY paiioHi.

J1. B. Bapan, C.Omak, A.Bacunescku, P.Kypnunscku, 3. Kenenxa
MCMNOJIL30BAHUE METOJIA GPS JUU11 MOHUTOPHUHI A BACCEMHA ME/JHBIX PY]I B ITOJIBLIE
Pesiome

Teppurtopus Gaccelina MEAHBIX Py TUOMaALIO okose 800 KBaIpaTHBIX KHIOMETPOB Haxoaurtca B KOro-3anannoit
yacti [lonbly. UHTeHCUBHas N06bIYA [10J1€3HbIX WCKONAeMbIX MPUBOJMT K 3HAYUTENBHBIM AedopMauusaM Ha
nosepxHocTu 6acceitha. B 1993 rony HucrutytoMm reomesnn v Qororpammerpuu 6bina ocHoBana GPS cets ans
MOHWTOpPHHra aedopMauuii. JIMHBI CTOPOH CETH HAXOAATCS B IIpelenax OT HECKOJILKUX COT METPOB 110 42 kM. Bo
BpeMa HaGmonenuit GPS kamnanuy B okTa6pe 1993 ropa 6sino ucnons3oBano 6 GPS npuémnukos Ashtech MD-
XIl. Ha6monenust Goinn oOpaGoTanbl nporpammibiM naketoM GPPS Bepcusa 5.0. B pesysbtate ypasHuBaHUs
MOJYYEHbI CIENYIOIINE MapaMeTpbl JIUNICOB norpewHocteif (95X) ams nMyHKTOB:

- rjaBHas 1noayoch ot 2.6 10 8.3 mwm,

- MUHUMaJlbHas nojyoch oT 2.2 10 6.0 MM.
C ueNblo IOTNONHUTENLHOTO KOHTPOJIA TOUHOCTH M HaOexXHOCTH MU3MepeHHH B ceTu ObLIO NMpPOBEAEHO CpPaBHEHHE
pe3ynbTaToB W3MepeHuit GPS u kiaccuueckMMM MeToxaMu. PasHMUA MeXTy KOOpAHHATaMH OTOOPaHHbIX MYHKTOB
coctaasna ot | o 3 mm. JIns  nanbHeifwero wiydeHus aedopmauuii  MpeaBUANTCA NPOBEAEHHUE NEpUoUYec-
KHX U3MEpEHUIi B OTOM paifoHe. i
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