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Abstract
Modern surveyor can play an important role in the field of disaster risk management,
although in most cases, the activities will take place as part of multidisciplinary task forces.
In this student paper, the results of student's field workshop on the Kostanjek
Landslide are presented. The whole idea was realized in 2011 and 2012 within the frame of a
scientific Japanese ‐ Croatian project, and will be continued. The entire work is important for
further implementation of this international project which is implemented in three Croatian
universities. According to the data from the existing investigation, the Kostanjek Landslide is
the largest landslide in Croatia and since it's activation in 1963, has caused substantial damage
to infrastructure. The topic has been increasingly important for local administration which
implements a plan of recovery of landslides since 2001.
Student's workshops, which include the application of different methods of geodetic
surveying in research of landslides, were implemented in several phases. Each phase, survey
method and the required accuracy is adjusted to the needs of further research. Application of
different surveying methods shows the important role of geodetic science in managing highrisk areas such as landslides.
The work is unique because of the multidisciplinary approach to solving the problems
of rehabilitating the largest landslides in Croatia.
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1. Introduction, plan and research objectives
In the coming 2013, the Kostanjek Landslide marks 50 years since the first activation.
Experts, local authorities and the general public are aware of the dangers that carries with the
natural hazard such as a landslide.
As it is mentioned, the whole project was carried out in several phases. The first phase
of works relates to the determination of displacement with relative static method in order to
establish an integrated monitoring system in real time. The second phase includes processing
housing facilities with visible changes. Calculating the angle of the slope relative to the
direction of the north and comparing with abstract and slope from DEM derived from
geodetic surveying (PGP) Kostanjek Landslide was made in 2009. The next phase of works is
related to the interception of water flows in this area and deformation of wells, on suspicion of
deformation caused by sliding.
During September 2012, it is planned to continue the work. The damage appeared to
abandoned tunnel is used for transporting and extending through the body. The tunnel will be
scanned with terrestrial laser scanner, and 3D model obtained from actual measurement data
will be compared with the 3D model derived from the measurement data obtained several
years ago.
Geodetic measurements are very useful for displaying the real situation and taking
further research. We used the Trimble instruments and supporting software for data
processing and various software packages available to students: AutoCAD Civil 3D 2012,
Trimble Business Center "TBC", SAGA GIS, Topocad 14, CorelDRAW and Microsoft Office
2012.
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2. Landslide Kostanjek
According to previous studies, landslide Kostanjek is the biggest landslide in the
Republic of Croatia. It is located in the western part of the City of Zagreb, in residential area
at the base of the southwestern slope of Mt. Medvednica (1033 m). The landslide was initially
activated in 1963, but its remediation hasn’t been done yet. During last 50 years, the landslide
has caused substantial damage to buildings and infrastructure in the residential zone as well to
roads, factories and commercial buildings. The landslide is mainly caused by anthropogenic
factors, including mining and excavation from an open pit of marl quarry at the toe part of the
landslide.
The cement factory was established in 1907, but the production of cement began in
1908. After a longer period of time in 1963, the excavation of marl began from an open mine
in the vicinity of the factory using blasting technique. Immediately after blasting, the initial
damages occurred on the factory buildings and other structures including settlement and
fractures. Conducted geotechnical field investigations revealed that swelling of the unloaded
marl layers caused by the excavation is the possible cause of the damage. Several years later,
analyzing the occurred movements, it was concluded that the displacements could not be
caused by swelling. The excavation in the quarry stopped in 1988 after it was realized that
mining and excavation of marl are the main triggering factors of the landslide.
A review of landslide investigations and interpretations of engineering-geological
model was given by Ortolan (1996). The conclusions about the landslide model were based
and determined from relatively poor data, including borehole data from 1931, 1972 and 1988
and data from geophysical measurements collected in 1989. Geodetic measurements,
including classic geodetic and GPS measurements, and the interpretation of aerial photo
stereo pairs from different time periods showed the range of the movement in landslide area
from 3 m to 5 m since 1988 to 1999.
The Kostanjek landslide is reactivated, translational landslide without a clearly defined
main scarp and landslide borders. It extends over an area of approximately 1.2 km2 with a
total volume of displaced mass of 32.6 x 106 m3. Displacement differences at the landslide
surface (defined at approximately 110 points) were interpreted as movements on three
different sliding surfaces, the deepest at 90 m and two sub parallel sliding surfaces at depths
of 65 m and 50 m. The positions of the sliding surfaces were defined on the basis of
unfavorably oriented bedding planes of sediments and sedimentary rocks of Sarmatian and
Pannonian age.
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The landslide caused extensive damage, including cracks on numerous buildings and
facilities, tilting of buildings, poles and trees, wells cut by sliding, significant subsidence
within the slide and uplifting at the foot of the landslide. Significant damage also occurred in
an abandoned marl transportation tunnel that extended through the landslide body. Damages
on buildings, facilities and residential houses imply that the movement of the landslide has
slowed down, but different parts of the landslide continue to move (Krkač et al. 2011).

Figure 2.1: Damages on objects cause by landslide Kostanjek
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3. Determining movements of geodetic network established in year 2009 on
landslide Kostanjek using GNSS technology
Survey of GPS network, established in 2009 on landslide Kostanjek, was made in
collaboration with company Smolčak Geomatics Ltd., Faculty of Geodesy that have provided
for us necessary geodetic instruments and Faculty of Mining, Geology and Petroleum
Engineering that has conducted research on the landslide Kostanjek within earlier mentioned
Croatian-Japanese project.

This project included:
 Collecting the necessary documentation, planning of the survey and drafting a
conceptual solution in terms of equipment and method of measurement,
 Survey of the geodetic network using relative static GPS method,
 Processing of received data and GPS network adjustment,
 Spatial transformation from global to local (state) coordinate system and
 Determining movements of the landslide.

Field work was divided in two parts; reconnaissance and network survey.
Geodetic network on landslide Kostanjek consists of 43 points, of which 8 were
stabilized before 20 years, while others were stabilized in September 2009. Coordinates of all
points were determined in October 2009 and in March 2010. After reconnaissance, 8 points
were damaged and a total of 35 points were finally observed.
The next phase was network survey. Survey was made on February 2nd 2012 from
10:00 to 15:00.
GPS equipment that was used consisted of Trimble R8 GNSS receiver and Trimble R5
GPS receiver with corresponding Zephyr Geodetic antenna. These GPS receivers were due to
their precision, efficiency, user friendliness and resistance to low temperatures an excellent
choice considering that the measurements were carried out at very low temperatures. There
were no difficulties during field observations.
Survey was made using relative static method and according to the instrument
specifications static and fast static GPS measurement precision is:
 Horizontal RMS is 3 mm + 0.1 ppm
 Vertical RMS is 3.5 mm + 0.4 ppm.
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Post processing of the collected GPS data that included vector processing and
optimization as well as network adjustment was done using software Trimble Business Center
"TBC".

During GPS surveys, the following conditions were fulfilled:
1. Points were observed with dual-frequency GPS receivers,
2. Elevation mask was 10 °,
3. Registration interval was 5 sec,
4. Observation interval was 45 minutes.
Point positions have been determined using three virtual reference stations – VRS
which were taken over from CROPOS (CRoatian POsitioning System) geodetic-precision
positioning service GPPS and downloaded in RINEX format for the period of observations.

Figure 3.1: Base line processing in TBC

A total of 105 base line were processed (Figure 3.1). Based on the indicators of the
vector quality (Ratio, PDOP, RDOP, RMS), vectors that did not meet the criteria were
excluded from further processing. Network adjustment was made using least squares method
using the same software (Figure 3.2). The virtual reference stations were fixed in the
adjustment.
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Figure 3.2: Network adjustment

To compare point coordinates, it was necessary to transform point coordinates from
global ETRS89 to plain coordinates in local state coordinate system HDKS (5th zone).
Transformation parameters of the City Zagreb for local area of Kostanjek landslide were used.
Ellipsoid heights were transformed to orthometric heights using geoid undulation.
Geodetic network for determining velocity and direction of landslide movements has
been observed in three epochs until now. Based on the coordinate and height differences from
the two last epochs horizontal and vertical movements were determined. Numerical and
graphical data processing was performed in Topocad software. Table in addition A shows
horizontal and vertical component of point displacement. Limit value of 3 cm was arbitrarily
chosen to emphasize bigger movements.
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Figure 3.3: Vectors of movement [mm]

Survey results from epoch February 2012 were compared with past epochs. Upon this
data, the vectors of movements are constructed for the period from 2009 to 2012. Figure 3.4a
presents horizontal movements in range from 6 mm to 92 mm for time period of 2 years and 4
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months. These movements are compared only with the existing data from the past. Figure
3.4b presents horizontal movements determined upon aerofotogrametric data from several
epochs from 1963 to 1988. The movements in period from 1963 to 1988 range from 2 m to 6
m and differ in direction and value in different parts of landscape.

Figure 3.4a Horizontal movement of landslide Kostanjek in the period from 2009. to 2012.;
Figure 3.4b Comparison of horizontal movements between the epoch 2009.-2012. and the
epoch 1963.-1988.
Based on comparisons of landslide displacements from different periods, it can be
concluded that the landslide is still active, and that the direction of landslide movements,
registered in the period from 2009 to 2012 largely coincides with the directions of the period
from 1963 to 1988. These conclusions, as well as the results of measurements are important
data for planning an integrated system for monitoring landslides Kostanjek in real time
(Županović et al. 2012).
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4. Project activities related to landslide monitoring and development of
early warning systems
Project “Risk Identification and Land-Use Planning for Disaster Mitigation of
Landslides and Floods in Croatia” started in 2009, as one of the projects in the program
“Science and Technology Research Partnership for Sustainable Development” – SATREPS
which is financed by Japan Agency for Science and Technology – JST and Japan
International Cooperation Agency – JICA. Within the framework of Working group 1 of
Croatian – Japanese project, real time monitoring system on Kostanjek landslide will be
installed.
The monitoring system will consist of 40 geodetic and geotechnical sensors for
landslide movement monitoring and determination of sliding triggers (Figure 4.1). Geodetic
sensors will measure landslide movements in real time by 15 GNSS receivers installed on
landslide surface. Movements within the landslide body will be measured by geotechnical
sensors. That includes ten extensometers and inclinometer. Piezometers for measuring
groundwater level and accelerometer will be installed in boreholes. Few accelerometers will
also be installed on landslide surface. Automated measuring devices will be used to measure
meteorological, groundwater and subsurface seismic conditions. Piezometers, inclinometers
and extensometers will be installed in the central part of the landslide body while
extensometers will be installed at the top and abeam parts of the landside.
All monitoring equipment will be connected in one system with continuous
monitoring and export of the data to a central computer unit. This real time transmission
enables an early warning system for landslide hazard establishment when the measured values
exceed defined limits. An early warning system for possible landslide occurrence and
assessment of landslide risk will be established based on the monitoring results.
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Figure 4.1: Monitoring plan for landslide Kostanjek
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5. Measured houses
3D model of each house is given in addition B.

5.1 Situation 1 – Bizek 2
The first measured object is located at Bizek 2 (Figure 5.1).

Figure 5.1: Situation 1 – Bizek 2
The results of geodetic measurements are the coordinates of the top and the bottom of
the house which are given in a table 5.1.
Table 5.1: Coordinates of the house
Point

Y [m]

X [m]

H [m]

301
306
307
321
322
323

5567075.032
5567075.032
5567070.743
5567064.223
5567064.101
5567070.698

5076293.159
5076293.161
5076286.512
5076290.715
5076290.652
5076286.506

256.0
252.0
256.0
252.0
256.0
252.0
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Based on the coordinates of the top and the bottom of the house, it is possible to
calculate the angle of the slope relative to the direction of the north. The angles of the slope of
the two house edges are 2° and 1° to the left, while the slope of the third house edge is 1° to
the right. The angles of 1° and 1° are within the precision of measurement and they can be
neglected. According to the figure 5.2, the house is located within the red colored area that
represents a slope of about 300°. If we compare the calculated values of the slope of the house
with the SAGA analysis of the terrain, we can conclude that the slope of the house coincides
with the slope of terrain.
Table 5.2: Slope vectors and angles
Vector

Length [m]

Angle [°]

a1

0.180

2

a2

0.045

1

a3

0.014

2

Figure 5.2: Aspect of Kostanjek landslide, position of the house is marked with circle
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Figure 5.3: Slope of Kostanjek landslide, position of the house is marked with circle

5.2 Situation 2 – Bizek 3
The second measured object is located at Bizek 3 (Figure 5.4).

Figure 5.4: Situation 2 – Bizek 3
The coordinates of the top and the bottom of the house are given in a table 5.3.
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Table 5.3: Coordinates of the house
Point

Y [m]

X [m]

H [m]

312
313
314
318
319
320

5567185.237
5567184.181
5567178.068
5567178.277
5567173.286
5567173.286

5076310.489
5076299.822
5076306.054
5076305.788
5076313.710
5076313.710

248.0
245.0
248.0
245.0
248.0
245.0

The angles of the slope of the two house edges are 5° to the right and 5° to the left.
According to the figure 5.5, the house is located within the red colored area that represents a
slope of about 300°, and green colored area which represents a slope of about 150°. If we
compare the calculated values of the slope of the house with the SAGA analysis of the terrain,
we can conclude that the slope of the house coincides with the slope of terrain, and this is the
main reason of the deformation of the house in both directions.
Table 5.4: Slope vectors and angles
Vector

Length [m]

Angle [°]

b1

0.266

5

b2

0.266

5

Figure 5.5: Aspect of Kostanjek landslide, position of the house is marked with circle
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Figure 5.6: Slope of Kostanjek landslide, position of the house is marked with circle

5.3 Situation 3 – Capekov put 3
The third measured object is located at Capekov put 3 (Figure 5.7).

Figure 5.7: Situation 3 – Capekov put 3
The coordinates of the top and the bottom of the house are given in a table 5.5.
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Table 5.5: Coordinates of the house
Point

Y [m]

X [m]

H [m]

324
325
326
328
330
331

5566916.210
5566915.855
5566912.719
5566912.742
5566920.817
5566920.730

5076223.354
5076222.925
5076214.346
5076214.379
5076211.241
5076211.277

235.1
231.0
235.1
231.0
235.1
231.0

The angles of the slope of the three house edges are 5°,6° and 1° to the right from the
direction of the north. According to the figure 5.8, the house is located within the blue colored
area which represents a slope of about 100° and less. If we compare the calculated values of
the slope of the house with the SAGA analysis of the terrain, we can conclude that the slope
of the house coincides again with the slope of terrain.
Table 5.6: Slope vectors and angles
Vector

Length [m]

Angle [°]

c1

0.355

5

c2

0.465

6

c3

0.087

1

Figure 5.8: Aspect of Kostanjek landslide, position of the house is marked with circle
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Figure 5.9: Slope of Kostanjek landslide, position of the house is marked with circle

5.4 Situation 4 – Kostanjek 30
The fourth measured object is located at Kostanjek 30 (Figure 5.10).

Figure 5.10: Situation 4 – Kostanjek 30
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The coordinates of the top and the bottom of the house are given in a table 5.7.
Table 5.7: Coordinates of the house
Point

Y [m]

X [m]

H [m]

400
405
406
410
412
414

5567111.799
5567111.870
5567112.014
5567112.173
5567120.861
5567121.271

5075610.168
5075610.206
5075601.180
5075601.140
5075601.255
5075601.316

200.0
206.0
200.0
206.0
200.0
206.0

The angles of the slope of the two house edges are 3° and 4° to the right. The slope of
the third house edge is just 1° to the right and it can be neglected. According to the figure
5.11, the house is located within the blue and purple colored area that represents a terrain
slope from 80° to 40°. If we compare the calculated values of the slope of the house with the
SAGA analysis of the terrain, we can conclude that the slope of the house coincides with the
slope of terrain.
Table 5.8: Slope vectors and angles
Vector

Length [m]

Angle [°]

d1

0.040

1

d2

0.322

3

d3

0.410

4

Figure 5.11: Aspect of Kostanjek landslide, position of the house is marked with
circle
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Figure 5.12: Slope of Kostanjek landslide, position of the house is marked with circle

5.5 Situation 5 – Bizek 7
The fifth measured object is located at Bizek 7 (Figure 5.13).

Figure 5.13: Situation 4 – Kostanjek 30
The coordinates of the top and the bottom of the house are given in a table 5.9.
Table 5.9: Coordinates of the house
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Point

Y [m]

X [m]

H [m]

415
416
417
421
426
429

5566818.834
5566818.949
5566824.497
5566824.445
5566832.840
5566832.950

5076055.762
5076055.655
5076048.726
5076048.832
5076055.180
5076054.996

217.0
212.0
217.0
212.0
217.0
212.0

The angles of the slope of the all house edges are 2° and 1° to the left. The angle of 1°
is too small and it can be neglected again. According to the figure 5.14, the house is located
within the red colored area that represents a terrain slope from 320° and more. This means
that we have a very steep slope. If we compare the calculated values of the slope of the house
with the SAGA analysis of the terrain, we can conclude that the slope of the house coincides
with the slope of terrain.
Table 5.10: Slope vectors and angles
Vector

Length [m]

Angle [°]

e1

0.107

2

e2

0.151

2

e3

0.184

2

e4

0.140

1

Figure 5.14: Aspect of Kostanjek landslide, position of the house is marked with circle

23
Address Offices in Brussels : Rue du Nord 76, BE – 1000 Bruxelles. Tel +32/2/217.39.72 Fax +32/2/219.31.47
E-mail: jean-yves.pirlot@clge.eu - www.clge.eu EC-Register of interest representatives 29077535421-69

Figure 5.15: Slope of Kostanjek landslide, position of the house is marked with circle
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6. Measurement of the well
Due to the lack of boreholes and piezometers, geologists have been using private wells
for hydrological research, such as water level measuring and geochemical analysis. There are
more than hundred wells located around and in the landslide area, varying in depth from 4 to
33 meters. Water in wells is mainly derived from the shallowest aquifer related to superficial
deposits and top zone of weathered marl sediments. The inspections of the opened wells have
shown shifts and deformations made due to landslide movements.
The primary objective of this research was measurement of shift and deformation in a
particular well (Figure 6.1) near northwest border of landslide, while the final goal was to
determine the direction and displacement of landslide movement in vicinity of the well which
is important for development of a landslide model. The well is located immediately next to a
house which also shows visible shifts and deformations which were at some point fixed. It is
important to note that shift and deformation of this well represent landslide movement
probably better than displacement and shifting of the house. The reason is that damaged zone
in the well is located near the sliding surface, while the house which behaves as one solid
body, does not necessarily move as the landslide moves.

Figure 6.1: Deformed well
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It is necessary to establish the direction and size of the shift on the well. The level of
the water reaches 5.57 m below the top of the well. The measuring was done using a classical
plumb.
Firstly, the cross section of the well was measured at the top, i.e. immediately beneath
the concrete plate (Figure 6.2) .The measuring was done using a direct method with a
measuring tape and a wooden measuring rod with a centimeter scale.

Figure 6.2: Drawn cross section of the well on the upper side of the concrete plate
Secondly, the width of the well at the water level was measured. The plumb was
dropped into the well using wooden measuring rods with centimeter scales. Through the hole
on the plate from the bottom side of the plate, the plumb was being dropped down the inner
side of the well until just above the water level. The length shown on the wooden measuring
rod is then transferred onto the upper side of the plate and drawn out. In this way a complete
cross section of the well at the water level was drawn on the upper side of the plate (Figure
6.). However, it was impossible to place the plumb on the very inner side with the
deformations and the outward shift. Here, an estimation of the shift was made. These
estimations and the working conditions have led to the conclusion of estimated 0.10 m
accuracy.
After the cross section was drawn out on the upper side of the plate, they were
measured using total station (Figure 6.).
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Figure 6.3: Measuring the cross section with a metering station

Figure 6.4: Drawn out cross sections on the upper side of the concrete plate
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Based on the results of the measurement, a 3D model of the well was made (Figure 6.,
6.6). The model is the best way to show the size of the shift and the shape of the deformation.

Figure 6.5: 3D model of the well

Figure 6.6: 3D model of the well
If a complete image wants to be shown, it is necessary to show the size and the
direction of the shift. This is shown on the ground plan, the plan and the body plan of the well
(Addition C).
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7. Conclusion
In this student paper, there are the results of student's field workshop on the Kostanjek
Landslide presented. The whole idea was realized in 2011 and 2012 within the frame of a
scientific Japanese ‐ Croatian project, and will be continued. The entire work is important for
the further implementation of this international project which is implemented in three
Croatian universities. According to the data from the existing investigation, the Kostanjek
Landslide is the largest landslide in Croatia and since it's activation in 1963, has caused
substantial damage including cracks, significant tilting and subsidence of numerous objects.
The specified activity of landslide causes major financial outlays for its residents, and this is
why the early warning system and its remediation are necessary.
The topic has been extremely important for local administration which are been
implementing a plan of recovery of landslides since 2001. The main problem is the progress
of the project that is inhibited with high monetary costs.
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ADDITION A
- horizontal and vertical components of point displacements -
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[mm]
Epoch

Point

Y [m]

X [m]

H [m]

2012

11

5567350,285

5075509,994

180,502

2010

11

5567350,290

5075509,989

180,541

2012

14

5566890,748

5075797,415

211,359

2010

14

5566890,761

5075797,469

211,730

2012

15

5566387,396

5076204,724

230,285

2010

15

5566387,395

5076204,711

230,323

2012

16

5566886,026

5076206,288

230,213

2010

16

5566886,039

5076206,273

230,247

2012

17

5567343,416

5076164,245

230,239

2010

17

5567343,409

5076164,237

230,283

2012

18

5567170,107

5076052,897

237,310

2010

18

5567173,185

5076052,742

237,947

2012

19

5567044,943

5075904,607

222,781

2010

19

5567044,943

5075904,674

222,807

2012

101

5567038,126

5076298,023

240,112

2010

101

5567038,122

5076298,027

240,142

2012

102

5567203,367

5076288,579

246,211

2010

102

5567203,364

5076288,597

246,252

2012

103

5566965,040

5076210,405

229,150

2010

103

5566965,056

5076210,453

229,188

2012

104

5567241,990

5076151,588

229,561

2010

104

5567241,988

5076151,595

229,607

2012

106

5566658,544

5075891,419

197,965

2010

106

5566658,557

5075891,449

197,998

2012

107

5566846,038

5076054,838

213,914

2010

107

5566846,069

5076054,884

213,959

2012

108

5566997,930

5075966,864

222,298

2010

108

5566997,902

5075966,926

222,350

d[y-x]

dx

dy

dH

7

-5

5

39

56

54

13

371

13

-13

-1

38

20

-15

13

34

11

-8

-7

44*

3082

-155

3078

637

67

67

0

26

6

4

-4

30

18

18

-3

41

51

48

16

38

7

7

-2

46

33

30

13

33

55

46

31

45

68

62

-28

52
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[mm]
Epoch

Point

Y [m]

X [m]

H [m]

2012

109

5567108,097

5075966,425

224,250

2010

109

5567108,107

5075966,483

224,303

2012

110

5567237,340

5076000,742

227,732

2010

110

5567237,338

5076000,769

227,776

2012

113

5566742,185

5075856,150

202,813

2010

113

5566742,205

5075856,196

202,875

2012

114

5566987,528

5075756,372

209,229

2010

114

5566987,555

5075756,431

209,278

2012

115

5567178,219

5075795,564

193,910

2010

115

5567178,217

5075795,607

193,937

2012

116

5566345,148

5075618,610

181,558

2010

116

5566345,135

5075618,598

181,624

2012

117

5566452,449

5075629,400

178,546

2010

117

5566452,450

5075629,448

178,540

2012

118

5566655,518

5075614,668

191,112

2010

118

5566655,496

5075614,717

191,165

2012

120

5567086,331

5075544,409

196,694

2010

120

5567086,344

5075544,469

196,753

2012

121

5567267,004

5075583,933

183,383

2010

121

5567267,017

5075584,001

183,432

2012

123

5566887,605

5075533,656

141,298

2010

123

5566887,632

5075533,717

141,343

2012

124

5566352,183

5075424,892

164,787

2010

124

5566352,183

5075424,906

164,809

2012

125

5566573,116

5075476,080

176,579

2010

125

5566573,107

5075476,153

176,600

2012

126

5566633,084

5075458,130

165,582

2010

126

5566633,065

5075458,188

165,619

d[y-x]

dx

dy

dH

59

58

10

53

27

27

-2

44

50

46

20

62

65

59

27

49

43

43

-2

27

18

-12

-13

66

48

48

1

-6

54

49

-22

53

61

60

13

59

69

68

13

49

67

61

27

45

14

14

0

22

74

73

-9

21

61

58

-19

37
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[mm]
Epoch

Point

Y [m]

X [m]

H [m]

2012

127

5566425,560

5075322,021

152,350

2010

127

5566425,573

5075322,047

152,384

2012

129

5566404,670

5075179,828

135,861

2010

129

5566404,668

5075179,814

135,903

2012

130

5566453,407

5075181,808

140,354

2010

130

5566453,422

5075181,819

140,386

2012

131

5566818,259

5075062,278

129,405

2010

131

5566818,274

5075062,297

129,403

2012

133

5567112,757

5075138,196

132,607

2010

133

5567112,756

5075138,232

132,590

2012

134

5566605,117

5075016,802

128,552

2010

134

5566605,115

5075016,799

128,562

2012

135

5567351,481

5075113,771

127,199

2010

135

5567351,490

5075113,764

127,225

d[y-x]

dx

dy

dH

29

26

13

34

14

-14

-2

42

19

11

15

32

24

19

15

-2

36

36

-1

-17

4

-3

-2

10

11

-7

9

26
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ADDITION B
-

3D models of measured houses -
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Situation number 1
a1

2°
301

a3

4.00 m

322

2°
306
302

321

a2

1°
4

9
7.

8.40 m

7.72

m

m
323

measured
model
slope vector
angle

Situation number 2

b2

319

314

5°

b1

3.02 m

313

5°
320
318

6

3
9.

m

312

8.40 m

measured
model
slope vector
angle

Situation number 3
c1

324

c2

5°

6°
325

4.10 m

326

330
c3

1°
328
11
9.

8.57

331
m

m

measured
model
slope vector
angle

Situation number 4
405

d2

d1

410

d3
414

3°

6.00 m

400

8.99

4°

m

1°

406

412
8.85 m

measured
model
slope vector
angle

Situation number 5
e1
e2

426

2°

2°

429

e4

415
e3

5.00 m

10.49

m

417

1°
2°

416

421

9.08 m

measured
model
slope vector
angle

ADDITION C
- 3D model of the well -

Address Offices in Brussels : Rue du Nord 76, BE – 1000 Bruxelles. Tel +32/2/217.39.72 Fax +32/2/219.31.47
E-mail: jean-yves.pirlot@clge.eu - www.clge.eu EC-Register of interest representatives 29077535421-69

Address Offices in Brussels : Rue du Nord 76, BE – 1000 Bruxelles. Tel +32/2/217.39.72 Fax +32/2/219.31.47
E-mail: jean-yves.pirlot@clge.eu - www.clge.eu EC-Register of interest representatives 29077535421-69

Address Offices in Brussels : Rue du Nord 76, BE – 1000 Bruxelles. Tel +32/2/217.39.72 Fax +32/2/219.31.47
E-mail: jean-yves.pirlot@clge.eu - www.clge.eu EC-Register of interest representatives 29077535421-69

ADDITION D
- specifications of used equipment -
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Trimble R8 GNSS receiver

Figure 1. Trimble R8 GNSS receiver
Table 1. Performance specifications of GNSS Trimble R8 receiver (URL-1)

Device

Type of
measurements
Measurements

Simultaneous
satellite signals
tracking

Code differential
GPS positioning
Accuracy
Static & Fast Static
GPS surveying

Trimble R8 GNSS receiver
Trimble R-Track technology for tracking L2 Civil
Signal (L2C)
Advanced Trimble Maxwell Custom Survey GPS
Chip
High precision multiple correlator for L1 and L2
pseudorange measurements
Unfiltered, unsmoothed pseudorange measurements
data for low noise, low multipath error, low time
domain correlation and high dynamic response
Very low noise L1 and L2 carrier phase measurements
with <1 mm precision
L1 and L2 Signal-to-Noise ratios reported in dB-Hz
Proven Trimble low elevation tracking technology
GPS: L1C/A, L1C, L1E, L2C, L2E, L5
GLONASS: L1C/A, L1P, L2C/A ( only GLONASS
M), L2P
SBAS: L1C/A, L5
Galileo GIOVE-A i GIOVE-B
Horizontal
0,25 m + 1 ppm RMS
Vertical

0,50 m + 1 ppm RMS

Horizontal

3 mm + 0,1 ppm RMS

Vertical

3,5 mm + 0,4 ppm RMS
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Kinematic
surveying
Dimensions

Horizontal

10 mm + 1 ppm RMS

Vertical

20 mm + 1 ppm RMS

Width: 19 cm (7,5 inch)

Height: 11,2 (4,4 inch)

1,34 kg with internal battery, internal radio
3,70 kg entire RTK rover including:
batteries
Weight

range role
ACU controller
bracket

Temperature
Hardware

Humidity
Waterproof
Power

Operating

–40 °C to +65 °C (–40 °F to +149 °F)

Storage

–40 °C to +75 °C (–40 °F to +167 °F)

100% condensing
IPX7 for submersion to depth to 1 m (3,28 ft)
Power 11 to 28 V DC external power input
Rechargeable, removable 7,4 V, 2,0 Ah Lithium-Ion

Battery

battery in internal battery compartment.
Operation time with internal battery:

Operation time





450 MHz receive only: 5,5 h
450 MHz receive/transmit: 3,5 h
GSM/GPRS: 4,1 h¸

3 wire serial (7-pin Lemo),
Ports

Completed RS-232 serial
Power of transmit: 0.5 W

450 MHz
Communications
receiver/transmitter
and Data
Range: 3–5 km typical / 10 km option
Storage
GSM/GPRS
Network
Bluetooth 802,11
Data Storage

6 MB internal memory, 165 hours of raw observables
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Total Station Trimble M3 DR

Figure 1. Trimble M3 DR total station (URL-2)

Table 1. Performance specifications of Trimble M3 DR total station (URL-3)

Device

Telescope

Distance
measurements

Trimble M3 DR total station
Magnification

30x

Diameter of objective

40 mm (1,6in)

Field of view

1°20'

Resolving power

3''

Minimum focusing distance

1,5 m (4,9 ft)

Reflector less

1,5 m to 270 m

Prism (normal conditions)

1,5 m to 3.000 m

Prism (good conditions)

1,5 m to 5.000 m

Precise prism mode
Accuracy
Reflector less

±(2+2 ppm x D) mm
±(3+3 ppm x D) mm
±(3+2 ppm x D) mm
±(5+3 ppm x D) mm
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Prism
Measuring interval
Reflector less
Weigh

Battery

Dimensions
Temperature

Angle measurements

Memory

0,8 s fast
2,1 s standard
0,8 s fast

5,5 kg with battery
Distance/angles

12 h

Distance/angle every 30 s

26 h

Angles

28 h

(Width x Length x Height)

168 mm x 173 mm x 347 mm

-20 °C to +50 °C
Units

Degrees/Gon/MIL6400

Minimum increment (degrees)

1''/5''/10''

DIN 18723 accuracy (horizontal
and vertical)

Levels

1,6 s standard

1", 2''/0,5 mGon

Circle diameter

62 mm

Circular level vial

10'/2 mm

128 MB RAM, 128 MB flash memory

Address Offices in Brussels : Rue du Nord 76, BE – 1000 Bruxelles. Tel +32/2/217.39.72 Fax +32/2/219.31.47
E-mail: jean-yves.pirlot@clge.eu - www.clge.eu EC-Register of interest representatives 29077535421-69



Trimble R5 GNSS receiver

Figure 1. Trimble R5 GNSS receiver (URL-4)
Table 1. Performance specifications of Trimble R5 GNSS receiver (URL-5)

Device

Type of
measurements
Measurements

Simultaneous
satellite signals
tracking

Trimble R5 GNSS receiver
Trimble R-Track technology
Advanced Trimble Maxwell Custom Survey GPS
Chip
High precision multiple correlator for L1 and L2
pseudorange measurements
Unfiltered, unsmoothed pseudorange measurements
data for low noise, low multipath error, low time
domain correlation and high dynamic response
Very low noise L1 and L2 carrier phase measurements
with <1 mm precision
Signal-to-Noise ratios reported in dB-Hz
Proven Trimble low elevation tracking technology
GPS: L1C/A, L1C, L1E, L2C, L2E, L5
GLONASS: L1C/A, L1P, L2C/
4 SBAS: WASS Channels
4 SBAS: EGNOS Channels
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Code differential
GPS positioning
Accuracy

Static & Fast Static
GPS surveying
Kinematic
surveying
Dimensions

Horizontal

0,25 m + 1 ppm RMS

Vertical

0,50 m + 1 ppm RMS

Horizontal

3 mm + 0,1 ppm RMS

Vertical

3,5 mm + 0,4 ppm RMS

Horizontal

10 mm + 1 ppm RMS

Vertical

20 mm + 1 ppm RMS

Width: 13,5 cm (5,3 inch)

Height: 8,5 (3,4 inch)

1,5 kg with internal battery, internal radio
Less than 4 kg entire RTK rover including:
Batteries for 7 hours
Weight

range role
ACU controller
bracket

Hardware

Temperature
Humidity
Waterproof
Power

Operating

–40 °C to +65 °C (–40 °F to +149 °F)

Storage

–40 °C to +80 °C (–40 °F to +167 °F)

100% condensing
IPX7 for submersion to depth to 1 m (3,28 ft)
Power 11 to 28 V DC external power input
Rechargeable, removable 7,4 V, 2,4 Ah Lithium-Ion

Battery

Operation time

battery in internal battery compartment.
> 10 hours postprocessed
6-8 hours RTK (wih two 2,4 Ah battery)
2 external power ports
2 internal battery ports

Communications
and Data
Storage

Ports

3 serial ports
Integrated USB port for data download

Data Storage

256 MB flash memory
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Trimble Zephyr Geodetic 2 Antenna

Figure 1. Trimble Zephyr Geodetic 2 Antenna (URL-6)
Table 1. Performance specifications of Trimble Zephyr Geodetic 2 Antenna (URL-7)

Device
Broad GNSS
Frequency Tracking
Band Including

Performance

Hardware

Trimble Zephyr Geodetic 2 Antenna
GPS: L1, L2, L5
GLONASS: L1, L2, L3
Galileo: E1, E2, E5, E6
SBAS: WAAS, EGNOS, QZSS, Gagan, MSAS, and OmniStar
• Quality signal tracking, even below 5 degrees elevation
• Four point antenna feed for phase center stability and enhanced
polarization
• TNC female signal connector
• Small cross-sectional area to reduce wind loading
• 13 dB amplifier margin supports cable runs of over 60 m without
special coaxial cable or in-line amplifiers
• North orientation marking on exterior
• 50 dB signal gain for reliable tracking in difficult environments
• Low voltage, low power consumption
• Integral low noise amplifier
• 5/8" x 11 female threaded stainless steel mount point
• Powered by GNSS receiver via coaxial cable
• Advanced LNA (low noise amplifier) to reduce jamming by high
power out-of-band transmitters
34.3 cm diameter x 7.6 cm
height
Dimensions
(13.5 in diameter x 3 in
height)
Weight
0.64 kg (1.4 lb)
–40 ºC to +70 ºC (–40 ºF to
Operating temperature
+158 ºF
Humidity
100% humidity proof
Input voltage
3.5 V DC to 20 V DC

Address Offices in Brussels : Rue du Nord 76, BE – 1000 Bruxelles. Tel +32/2/217.39.72 Fax +32/2/219.31.47
E-mail: jean-yves.pirlot@clge.eu - www.clge.eu EC-Register of interest representatives 29077535421-69

References


URL-1: http://www.alleninst.com/pdfs/r8.pdf (03.07.2012.)



URL-2: http://www.csdsinc.com/store/images/TRMHNA313TA_lg.jpg (03.07.2012.)



URL-3: http://www.korecgroup.com/media/TrimbleM3.pdf (03.07.2012.)



URL-4: http://www.frontierprecision.com/images/product_r5.gif (03.07.2012.)



URL-5: http://www.ht.com.ua/images/new_tax/new/022543491A_TrimbleR5_DS_1109_LR.pdf (03.07.2012.)



URL-6:
http://solutions.seilerinst.com/Portals/1/Catalog%20Items/Survey/netr8%20zephyr.jpg
(03.07.2012.)



URL-7:
http://www.accupoint.com/uploads/pdf/022543-381A_GNSSAntennas_DS_0707_lr.pdf
(03.07.2012.)

Address Offices in Brussels : Rue du Nord 76, BE – 1000 Bruxelles. Tel +32/2/217.39.72 Fax +32/2/219.31.47
E-mail: jean-yves.pirlot@clge.eu - www.clge.eu EC-Register of interest representatives 29077535421-69

