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ANDRZEJ SAS-UHRYNOWSKI

ABSOLUTE GRAVITY MEASUREMENTS IN POLAND

ABSTRACT: New basic gravimetric network in Poland was established
between 1994 and 1999. It is based on 12 points, so-called absolute points,
the measurements on these points were done with five ballistic gravimeters:
FG5-101, FG5-107, JILAg 5, IMGC and ZZG. Absolute points were selected,
according to recommendations of the International Gravimetric Commission,
on the lowest floors of such buildings, as observatories, museums, schools,
churches, etc. It gives a chance, that the absolute point will survive for at
least several decades. The paper includes the detailed descriptions of all
absolute points. The measurements were performed by German, American,
Finnish, Italian and Polish teams. As results of measurements, done with the
use of various gravimeters, differed on a few points even by 30 microgals, it
was necessary to make their verification. The direct connecting measurements
between absolute points were performed with the use of four LaCoste
& Romberg gravimeters. The measurements were done on 25 so-called long
spans (160-300 km). Results of absolute determinations and results of relative
connections were jointly analysed. This analysis enabled to eliminate those
gravimeters, which do not fulfil the assumed criteria of reliability — IMGC
and ZZG. The remaining gravimeters: FG5-101, FG5-107 and JILAg 5,
which did not differ in readouts more than 3 microgals, were found to be
representatives of the international gravimetric standard. Their readouts were
assumed as the standard for Polish gravimetric basic network. The results of
relative measurements on 685 spans of network were adjusted to 12 absolute
points and to 3 points on the territory of Germany. Finally, a set of values of
gravity acceleration for 354 points of network was obtained. This network is
homogeneous, as far as gravimetric level and gravimetric scale is concerned;
it also fulfils accuracy and construction requirements.
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1. INTRODUCTION

The first gravity control network for Poland was established in the
sixties (Bokun J., Sas A. 1985). After more than 30 years it does not fulfil any
longer the needs of modern geodesy. In addition, the field gravity stations
have not been marked. Therefore, neither densification of the network nor
improvement of the accuracy of the network by repeating measurements was
possible.

A project of a new gravity network was worked out at the Institute
of Geodesy and Cartography (IGiK) in Warsaw in early nineties.
The gravity survey in 1994-1998 was also performed by the initiative
of IGiK (Siporski L. 1999), (Sas A. 1999), (Sas-Uhrynowski A. et al., 1999),
(Sas-Uhrynowski A. et al., 2000), (Siporski L. et al., 2000). Observations
were made by the teams of IGiK in collaboration with the teams of the
Military Topographic Service and of the Warsaw Technical University.

The new gravity network consists of 354 points marked with concrete
pillars (0.8 x 0.8 x 1.0 m) buried with upper plane on the ground level. In
addition, twelve absolute gravity stations included to the network were
established. They are situated, in accordance with recommendations of the
International Gravity Commission (IGC) of IAG (Boedecker G. 1988), in the
lowest floor of such structures like observatories, museums, universities and
similar solid buildings. Two calibration lines, the Central and the Western
one, were also set up. Each calibration line is based on three absolute gravity
stations — two at both ends of the line and one in the middle. The scheme of
the new gravity network is shown in Fig. 1.

The gravity network points are linked with 685 spans that form
313 closed figures from triangles to pentagons. The relative gravity
measurements on each span were performed 3 times within one day using
3 LaCoste & Romberg (LCR) gravimeters. The mean square error computed
from misclosures of the figures and from the adjustment of the network did
not exceed 9 microgals (1 pGal = 10™® ms™). Fig. 1 shows also the long spans
between 12 absolute gravity stations. They were measured using 3 or 4 LCR
gravimeters with an accuracy of =4 uGal and were used to check the results of
absolute gravity measurements.

From 1909 until 1971 the gravity networks were linked to the absolute
gravity station in Potsdam where gravity was determined in 1898-1904 with
a reversible pendulum (Potsdam gravity reference system). More recent
absolute gravity measurements showed a systematic error of +14 uGal in the
gravity value of Potsdam. Therefore, the international gravity campaign was
carried on in 1950-1970 to give the basis for a new global gravity system.
The International Gravity Standardization Net 1971 (IGSN71) was introduced
in 1971 as the new reference system (Torge W. 1980).
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Constructing of ballistic gravimeter and then its mobile versions
allowed for systematic increase of the number of points with absolute gravity
determined.
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Fig. 1. Gravity control network for Poland

The principle of measurements with ballistic gravimeter is simple.
Time of the free falling down probe body in the vacuum chamber on the
defined segment of its way is measured. The measuring procedure is however,
very complicated in practice since the high accuracy of order of 10” of the
measurement is required. Therefore, only a few companies in some countries
such as China, France, Italy, Japan, Poland, Russia, Ukraine and USA
developed ballistic gravimeter. In the USA, for example, only short series of
two types of ballistic gravimeters, i.e. the JILAg and a newer one the FG5
have been manufactured. Totally, about 20 devices have been built. Only 3 or
4 organisations owing the gravimeters conduct gravity survey out of their
countries. Nevertheless, up to date the absolute gravity measurements were
already performed at some hundreds of stations and their number increases.
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IGC is at present responsible for defining the global gravity system.
Gravity standard, in accordance with the IGC recommendations, is
represented by a set of gravity values determined using ballistic apparatus
(absolute gravimeters) that were calibrated during the International
Comparison Campaign in Sévres, France. Therefore, in order to establish a
modern gravity control each country aims to set up a number of stations with
absolute gravity determined using the ballistic gravimeter tested in Sévres.

First absolute gravity measurements in Poland were conducted by the
team from Novosibirsk division of the Russian Academy of Sciences
supervised by Dr. Arnautov, with use of a self-made GABLE gravimeter.
In 1978, the measurements were made at the Borowa Gora
Geodetic-Astronomical Observatory (later named the Geodetic-Geophysical
Observatory) of IGiK near Warsaw. In the same year the measurements
were also made in Cracov. The next measurements were made in Gdansk in
1986. The raw data were kept in Novosibirsk whereas only the final results
were handed to IGiK.

Following the IGC recommendations the distribution of absolute
gravity stations should correspond to one station per 15 000 km®. Thus, about
20 absolute gravity stations would be required in Poland. 17 absolute gravity
stations were foreseen in the project of the new gravity network — a zero-order
network.

Considering the planned modernisation of the gravity network IGiK
accepted in 1992 the offer of the Institute of Metrology, Kharkov, Ukraine, to
perform several series of experimental absolute gravity measurements in the
Polish network of zero-order using ballistic gravimeters constructed at this
Institute. The aim of the project was to perform the field tests with the
Ukrainian ballistic gravimeter and to examine its suitability for gravity survey
of Polish gravity network. In 1992 and 1993, the measurements were
conducted at 12 stations using simultaneously two ballistic gravimeters the
GP-4 and GP-5. The valuable experience gained during the experimental
works became very useful in the next years in both improving the apparatus
and making other subsequent absolute gravity measurements in Poland.

IGiK together with the Polish Military Geodetic Service initiated in
1994 the project concerning absolute gravity measurements in Poland by
foreign teams equipped with examined in Sévres ballistic gravimeters. The
goal of the project was to make at least several absolute gravity measurements
at some Polish stations and to link the new gravity control network with the
international gravity standard. Three foreign organizations joined the project.
The former Institute for Applied Geodesy (IFAG), Germany, offered to
conduct 4 measurements using the FG5 No 101 gravimeter, the Finnish
Geodetic Institute (FGI) offered to conduct 3 measurements using the
JILAg-5 gravimeter and the former American Defence Mapping Agency
(DMA) agreed to conduct 5 measurements using the FG5 No 107 gravimeter.
The pictures of the JILAg and FGS5 gravimeters are shown in Fig. 2.
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Ballistic grawimeter JILAg

Fig. 2

Ballistic grawimeter FG5
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The co-operation with the three organisations resulted in the
determination of absolute gravity at 10 following stations: Koszalin,
Borowiec, Ksiaz, Piwnice, Konopnica, Gdansk, Biatowieza, Sieniawa, Ojcow
and Borowa Gora. Later, in 1996, Dr Cerutti conducted the absolute gravity
measurements at Lamkéwko with the Italian IMGC ballistic gravimeter.
He also repeated gravity measurements at Borowiec (Cerutti G. et al., 1999).
At the end of 1997 and at the beginning of 1998, Prof. Zabek measured
absolute gravity at Giby and repeated observations at Lamkowko as well as at
the other 4 stations including Borowa Goéra with the ZZG ballistic gravimeter
of his construction (Zabek Z. 1997 and 1998).

The absolute gravity measurements were then performed using
6 various ballistic gravimeters, i.e. FG5-101, FG5-107, JILAg-5, IMGC, ZZG
and GABLE that all were tested in Sevres during the Fourth (1994) and Fifth
(1997) International Comparison Campaigns. The data obtained with the
GABLE was not however, taken into the analysis. The time span between the
surveying campaigns with GABLE and the consecutive campaigns was
considered too long. The Borowa Gora station was chosen as the fundamental
point of the network. At that station the measurements have been conducted
using all above-mentioned gravimeters, except the IMGC. The other five
stations were surveyed using at least 2 ballistic gravimeters. Altogether,
21 absolute gravity measurements were made at 12 stations.

Among the remaining 5 stations foreseen in the project, two stations,
i.e. Szczecin and Lagow are located close to the border near Pasewalk and
Seelow stations in Germany. That is why the survey at Szczecin and Lagow
was postponed at the time being. Last three stations, i.e. Jozefostaw, Sw.
Krzyz and Gryboéw have not been surveyed since they belong to the satellite
geodynamic traverse (SAGET) of the Warsaw Technical University. The
absolute gravity is also measured at the traverse. Those three stations do not
belong to the gravity network as yet.

2. DESCRIPTION OF THE ABSOLUTE GRAVITY STATIONS

The location of the absolute gravity stations within the Polish gravity
control network is shown in Fig. 3. The figure also provides information on
the type of ballistic gravimeters used for measurements at the stations.

Borowa Gora. The absolute gravity station at Borowa Gora is the
fundamental point of the Polish Gravity Control Network. The station is
located in the Geodetic-Geophysical Observatory. The point has been
established in the basement laboratory in the old building of the Observatory.
The ballistic gravimeter is placed on a fixed into the floor concrete pillar of
1.0 x 1.0 x 1.5 m. The upper plane of the pillar coincides with the level of the
floor.
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Three other similar pillars are situated in the basement laboratory of the
new building of the Observatory. One of them, called BG-Ex1 has been
chosen as the first eccentric stand. Besides, there are also two pillars located
in the other pavilions of the Observatory and three more pillars in the open
air. One of them, named BG-Ex2 is used as the second eccentric stand. It is
also the gravity control network point No 156. Two other pillars in the open
air are destined for testing the relative gravimeters in the field conditions. All
pillars designed for setting up the ballistic gravimeters have been built with
intention to make simultaneous observations by means of several instruments
both ballistic and relative ones in the aim of comparison of their readings. The
geodetic co-ordinates and heights of all pillars, as well as gravity were
determined (Cisak M. et al., 1998).

The first absolute measurement of gravity was conducted in 1978 with
the GABLE gravimeter. Using simultaneously operating two ballistic
gravimeters GP-4 and GP-5 Dr. W. Shurubkin of the Institute of Metrology,
Kharkov, has surveyed gravity at Borowa Gora in 1992 and then in 1993. In
November 1995, Dr. Falk (IFAG) conducted the measurements with the FG5
No 101 gravimeter (Falk R. 1996). In December 1995, Dr. Mékinen (FGI)
surveyed gravity with the JILAg-5 gravimeter (Mékinen J. 1997). Dr. Stizza
(DMA) conducted the subsequent gravity measurements with the FG5 No 107
gravimeter in July 1996 (Stizza D. 1996). At the end of 1997, Prof. Zabek
made the gravity measurements using the ZZG gravimeter. In 2000,
Dr. Mikinen repeated absolute gravity measurement with the JILAg-5
gravimeter. The results of the last survey have not been included to the
adjustment that was already made earlier. They could be used to verify the
result of the adjustment. In fact, the absolute gravity determined by
Dr. Miékinen in 2000 differs from the adjusted value by 4 pGal only.
It confirms high quality of previous survey.

Such a long series of observations performed at Borowa Gora places
this station among a few stations where absolute gravity was determined so
many times with ballistic gravimeters of so various types.

Koszalin. The absolute gravity station at Koszalin is located in the
Geo-technical Laboratory of the Building and Environmental Engineering
Faculty of the Koszalin Technical University. The point is marked with a
concrete pillar fixed into the floor on the depth of 1.5 m. The upper plane of
the pillar of size of 1.0 x 1.0 m coincides with the level of the floor. The
station was established in 1986. It was one of five stations of the Unified
Gravity Network established within the Warsaw Treaty co-operation. In 1989,
the relative gravity measurements were made using the AGAT pendulum
gravimeter of the Academy of Sciences of the former USSR. The aim of the
project was to link the Koszalin station with the similar stations in Poznan and
in Gdansk. In 1992, the Kharkov team made the first experimental absolute
gravity measurements using two ballistic gravimeters the GP-4 and GP-5.
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In 1995, Dr. Falk conducted the absolute gravity measurements with the FG5
No 101 gravimeter. KOSZ-Ex1 and KOSZ-Ex2 are two eccentric stands near
the station. KOSZ-Ex1 is located at the side door to the Prof. Rzymkowski
Assembly Hall. KOSZ-Ex2 situated about 2 km away is the gravity control
network point No 2.

Team of the Russian Academy of Sciences

1996 | Team of the Institute of Meteorology of Turin
LAY

2%/ Team of the Finnish Geodetic Institute

FG-5

199 )  Team of the DMA

res) Team of the IFAG

frardc]

1987

Team of the Warsaw University of Technology

Fig 3. Location of the absolute gravity stations
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Borowiec. The absolute gravity station at Borowiec is located in the
premises of the Astronomical-Geodynamic Observatory of the Space
Research Centre of the Polish Academy of Sciences. It is placed on the lowest
floor of the main building of the Observatory in the former photo-laboratory.
Initially, the location of the station was planned in the Astronomical
Observatory of Mickiewicz University in Poznan, right in the centre of the
town. In 1989, the relative measurements were conducted with the AGAT
pendulum gravimeter at Poznan similarly to those made at Koszalin. Three
years later, i.e. in 1992, the Kharkov team conducted there the experimental
measurements with the GP-4 and GP-5 gravimeters. Due to high level of
micro-seismicity caused by the street traffic the move of the station to
Borowiec Observatory was decided.

In 1993, the experimental absolute gravity measurements at Borowiec
were conducted with the GP-4 and GP-5 gravimeters. The acceptable quality
of the results indicated that Borowiec could become one of the absolute
gravity stations of Polish gravity control network. In November 1995, the
IFAG team measured absolute gravity at Borowiec with the FG5 No 101
gravimeter. In summer 1996, Dr. Cerutti conducted gravity measurements
using the Italian IMGC ballistic gravimeter. In 1998, Prof. Zabek determined
absolute gravity with his ZZG apparatus.

The station at Borowiec has two eccentric stands: BORO-Ex1 and
BORO-Ex2. BORO-Ex1 is the concrete pillar (EUREF point No 216) located
in the premises of the Observatory. BORO-Ex2 is fixed on the step in front of
the main door to the Astrograph Pavilion.

Ksiqz. The absolute gravity station at Ksiaz near Walbrzych is placed
in the Lower-Silesian Geophysical Observatory of the Institute of Geophysics
of the Polish Academy of Sciences. The Observatory occupies the part of the
wing of the outer building of the Ksiaz Castle. The station is situated in the
left side room at the end of the cellar corridor. The point is marked with brass
bolt fixed into the concrete pillar. The pillar with the upper plane of 1.0 x 2.0
m is set on the rock flush with the floor level. The Institute of Geophysics
uses the Observatory for seismic investigations while the Space Research
Centre carries on the Earth tides monitoring.

In 1992 and 1993, the Kharkov team conducted the series of
experimental absolute gravity observations with the GP-4 and GP-5
gravimeters at Ksigz. In November 1995, the group of Dr. Falk measured
absolute gravity using the FG5 No 101 gravimeter.

The old concrete block next to the Observatory door was chosen as
a first eccentric stand KSIA-Ex1. The second eccentric stand KSIA-Ex2
is situated on the concrete step at the side door to St. Peter and Paul Church
in Swiebodzice.
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Piwnice. The absolute gravity station at Piwnice is located in the
premises of the Nicholas Copernicus Astronomical Observatory of the Torun
University. The stand is situated in the basement of the old Observatory
building. The point is marked with the brass bolt fixed to the concrete pillar
sank to a depth of 1.5 m. The upper plane of the pillar of 1.0 x 1.0 m
coincides with the level of the floor. In December 1995, Dr. Mikinen
conducted the first absolute gravity measurements at Piwnice using the
JILAg-5 gravimeter. In 1998, Prof. Zabek measured absolute gravity with the
Z7G gravimeter.

PIWN-Ex1 eccentric stand is marked with brass bolt on the concrete
step in front of the Drapper Pavilion. The second eccentric stand PIWN-Ex2
is marked with the similar bolt on the concrete foundation of St John the
Baptist Church in Swierzynki.

Konopnica. The absolute gravity station at Konopnica is located in the
Konopnica Palace of the Technical University of £.6dz that is used as the rest
house. The point is situated in one of rooms belonging to the canteen in the
cellar. It is marked with the brass bolt fixed into the floor of the cloakroom.
In December 1995, Dr. Mikinen conducted the first absolute gravity
measurements at Konopnica using the JILAg-5 gravimeter. As the floor in the
cloakroom appeared to be not enough stable the point has been moved to the
next room beside the kitchen. The new point has also been marked with the
brass bolt. Both points were linked by means of relative gravity
measurements. In 1998, Prof. Zabek conducted also there the measurements
with his ZZG gravimeter.

The first eccentric stand KONO-Ex1 is fixed on the foundation of St.
Roch Church in Konopnica. Point No 2406 of the POLREF network was
chosen as the second eccentric stand KONO-Ex2.

Gdansk. The absolute gravity station at Gdansk is located in the Oliwa
District in the premises of the Gdansk University. The pillar for
measurements is placed in the acousto-optic laboratory situated in the building
of the Mathematics and Physics Faculty. The point is marked with the brass
bolt in the concrete block of 1.0 x 1.0 x 1.5 m fixed into the ground with the
upper plane coinciding with the level of the floor. The Gdansk station was
formerly foreseen as one of five Polish stations of the Unified Gravity
Network. To link the Gdansk station with the Russian station in Kaliningrad
the absolute gravity measurements were conducted in Gdansk in 1986 using
the GABLE gravimeter and in 1987 the relative measurements with the
AGAT pendulum gravimeter were made there.

In July 1996, Dr. Stizza carried on absolute gravity measurements using
the FG5 No 107 gravimeter. At the end of 1997, Prof. Zabek measured
absolute gravity with his ZZG gravimeter.
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GDAN-Ex1 eccentric stand marked with the brass bolt is located on the
concrete foundation outside the building. The point No 11 of the gravity
control network was chosen as the second eccentric stand GDAN-Ex2.

Lamkowko. The absolute gravity station at Lamkoéwko is located in the
premises of the Satellite Observatory of the University of Warmia and
Mazury about 35 km away from Olsztyn. The point is situated in the former
satellite pavilion on the pillar used earlier as the stand of photographic camera
for tracking satellites. The pillar was adapted to measurements with ballistic
gravimeters. The upper plane of the pillar is at the height of 47 cm over the
ground. The floor around the pillar has been raised to facilitate the
observations. The Kharkov team conducted the experimental gravity
measurements with the GP-4 and GP-5 gravimeters at Lamkowko in 1993.
Dr. Cerutti measured gravity with the Italian IMGC gravimeter in summer
1996. At the end of 1997, Prof. Zabek measured absolute gravity with his
Z7G gravimeter.

The pillar in the cellar of the main building of the Observatory was
used as the first eccentric stand LAMK-Ex1. The concrete mushroom-like
block located in the yard of the main building is the second eccentric stand
LAMK-Ex2.

Giby. The absolute gravity station at Giby is located in the premises of
the parish church in Giby. The stand is situated in the cellar of the presbytery
where the concrete pillar of 1.0 x 1.0 x 1.5 m has been fixed into the ground
with its upper plane coinciding with the level of the floor. The first
experimental absolute gravity measurements were conducted at Giby in 1993
by the Kharkov team with the GP-4 and GP-5 gravimeters. In 1997, Prof.
Zabek conducted also there the measurements with his ZZG gravimeter.

GIBY-Ex1 eccentric stand is marked with the brass bolt fixed into the
concrete basement of the car repair pit outside the building. The second
eccentric stand GIBY-Ex2 is the point No 29 of the gravity control network in
Sejny.

BialowieZa. The absolute gravity station at Biatowieza is located in the
premises of the Palace Park in Bialowieza. At first, the stand was established
in the Marshal House in the lower part of the Palace Park. The field tests
made by the Kharkov team in 1993 indicated an insufficient stability of the
point. Therefore the station has been moved to the building of the Department
of the Mammals Investigation of the Polish Academy of Sciences. The point
is situated in the fuel store in the cellar of the main building of the Department
close to the local boiler-room. The concrete pillar of 1.0 x 1.0 x 1.5 m has
been fixed into the ground with its upper plane at the level of the floor.
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The measurements conducted by Dr. Stizza with the FG5 No 107
gravimeter in 1996 verified that the location of the new station fulfils the
requirements.

Point No 171 of the gravity control network was chosen as the first
eccentric stand BIAL-Ex1. The second eccentric stand BIAL-Ex2 marked
with the brass bolt is a concrete step at the exit from St. Teresa Church in
Bialowieza.

Sieniawa. The absolute gravity station at Sieniawa is located in the
Czartoryski Palace in Sieniawa recently used as a hotel (Hotel Palace) and a
Conference Centre. The point is situated on the ground floor of the building
(the Palace has no basement) in the small passing room to the exhibition hall.
In July 1996, Dr. Stizza conducted there the absolute gravity measurements
with the FG5 No 107 gravimeter.

The first eccentric stand SIEN-Ex1 is situated on the foundation of the
Holy Virgin Church in Sieniawa and is fixed with the brass bolt at the main
door to the church. Point No 1809 of POLREF network is used as the second
eccentric stand SIEN-Ex2.

Ojcow. At first, the absolute gravity station in this region has been
chosen in Cracov. The stand has been situated in the cellar of the Jagiellonian
University building at the Copernicus Street, in the centre of the city. The first
absolute gravity measurements were made there using the GABLE gravimeter
in 1978. The expansion of the city and increasing street traffic caused such big
micro-seismic disturbance that no use of the ballistic gravimeter was possible.
The station then have been moved to the main building of the Seismic
Observatory of the Institute of Geophysics of the Polish Academy of Sciences
in Ojcow. One of the rooms on the ground (the lowest) floor of the building
has been adapted as the gravity laboratory. The concrete pillar has been fixed
on the rock with its upper plane of 1.2 x 1.2 m at the level of the floor. In July
1996, Dr. Stizza conducted first absolute gravity measurements with the FGS5
No 107 gravimeter.

OJCO-Ex1 eccentric stand is situated in front of the building. It is
a concrete block specially established for the project. The second eccentric
stand OJCO-Ex2 has a form of the concrete block with the brass bolt fixed in
the middle of its upper plane and is situated in the neighbourhood of St.
Nicolas Church in Skata.

Appendix 1 contains graphical descriptions of the absolute gravity
stations listed above.
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3. ABSOLUTE GRAVITY MEASUREMENTS WITH
BALLISTIC GRAVIMETERS

As it has been already mentioned the principle of gravity measurements
consists in time recording of free fall of the probe body along the defined
segment of its way and in measuring the length of that segment. During one
fall of the body the measurements of time and distance take place in practice
many times, even on several hundreds of segments. Time is measured by
means of the quartz or rubidium clock with an accuracy of +1 ns while the
distance is measured by means of the laser interferometer with an accuracy
of £1 nm.

There are two approaches of measuring gravity with ballistic
gravimeters. In the free-fall approach the probe body falls freely (e.g. JILAg-5
or FG5 gravimeter) in vacuum chamber. In the rise-and-fall approach the
probe body is thrown vertically upward in vacuum chamber and then after
reaching the apex it falls freely down (e.g. ZZG gravimeter). In this case the
observations are performed when the body rises and falls. The last approach is
therefore called a symmetric one while the first one is called unsymmetrical.

A survey on the stand takes at least 24 hours. It consists of 3500—4000
individual measurements in series of several dozen falls or rises and falls. The
measurements are usually continued the next day when insufficient accuracy
of gravity is obtained.

The measured data need to be corrected due to various factors like the
drift and changes of the laser coefficients, the residual pressure in the vacuum
chamber, mechanical reaction of the stand at the initial moment of the probe
body movement, Earth tides, polar motion, atmospheric pressure and others.

The example of the results obtained using the FG5 No 107 gravimeter
is given in Fig. 4. The graph shows the preliminary result of the survey that
must be further corrected in course of the laboratory tests after the measuring
campaign. The graphical presentation is suitable for fast analysis of the
correctness of the gravimeter behaviour and estimation of measuring
conditions, mainly the seismic ones.

Table 1 gives the examples of final results of measurements with the
JILAg-5 gravimeter at Borowa Goéra, Piwnice and Konopnica, i.e. the results
obtained at the height of apparatus and the ones reduced to the 0.0 level (the
level of the upper plane of the pillar that coincide with the level of the floor).
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Fig. 4. Preliminary result of the absolute measurements presented graphically
(Stizza — FG5 No 107)
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4. GRAVITY MEASUREMENTS AT THE
ECCENTRIC STANDS

In accordance with the IGC recommendations at least two eccentric
stands in the vicinity of the absolute gravity station should be established.
They are necessary to control and to estimate the gravimetric stability of the
absolute gravity station. Such a control can be executed by repeated link
measurements using relative gravity observations between all three points
(main station and eccentric stands).

To follow the recommendation mentioned above and to reduce the
project expenses the eccentric stands have been chosen on the existing already
solid structure like a concrete step, a part of the building foundation, a
concrete socle or similar objects located not far away from the main station. In
several cases, the existing points of the gravity control network or the points
of EUREF or POLREF networks have been used.

The three points, i.e. main absolute gravity station and two eccentric
points have been linked by traverses by means of relative gravity
measurements conducted using three LCR gravimeters. The vertical gravity
gradient has also been determined on each stand.

5. VERTICAL GRAVITY GRADIENT

The absolute gravity point to which a defined gravity value is attributed
physically corresponds to the upper plane of the concrete pillar, i.e. the level
of the floor. Measurements with ballistic gravimeters are referred however, to
a certain height over the point. The vacuum chamber inside which the probe
body falls is set up on the tripod at a certain vertical distance from the top of
the pillar. This height differs for different types of gravimeters. In both
JILAg-5 and FG5 gravimeters the measurements are referred to the height of
about 130 cm. In the GP device this height is about 80 cm while in the ZZG it
equals 32 cm only. Gravity increases in average by 300 uGal per 1 m with
decreasing height. Therefore it is necessary to determine the height of
observations with millimetre accuracy and a vertical gradient with possibly
high precision. Precise gravimeters were not available during absolute gravity
measuring campaigns in 1978 and 1986. Determinations of gradients at
Borowa Gora, Cracov and Gdansk were not accurate. In 1995 and 1996, the
foreign teams involved in absolute gravity survey in Poland were equipped
with a couple of LCR gravimeters with a feedback. Such equipment provides
measurements with an accuracy of +3 pGal.

At each absolute gravity station the foreign teams measured the vertical
gradient using 3 gravimeters. In 2000, the team of IGiK determined the
gradient at all eccentric stands and repeated the determination of the gradient
at the main absolute gravity stations with use of 2 gravimeters. At each point
the gravity gradient was determined as an average of four observations.
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The list of vertical gradients at the absolute gravity stations and at the
eccentric stands is compiled in Table 2.

Table 2. The vertical gradients at the absolute stations and at the eccentric

stands

Absolute point Gradient Error

No | Name of stand Eccentric stands [mGal/m] | [mGal/m]
1 |A-BIAL ABS Biatowieza 0.270 0.004
2 | BIAL-Ex1 171 Biatowieza 0.299 0.003
3 [BIAL-Ex2 Biatowieza — church 0.333 0.003
4 |[A-BG ABS Borowa Goéra 0.275 0.001
5 | BG-ExI Borowa Gora — st.G2 0.282 0.002
6 |BG-Ex2 156 Borowa Gora 0.293 0.004
7 | A-BORO ABS Borowiec 0.278 0.003
8 | BORO-Ex1 0216 Borowiec 0.302 0.001
9 | BORO-Ex2 Borowiec — Astrograph 0.305 0.004
10 | A-GDAN ABS Gdansk 0.278 0.002
11 | GDAN-Ex1 Gdansk — University 0.305 0.003
12 | GDAN-Ex2 11 Gdansk 0.318 0.003
13 | A-GIBY ABS Giby 0.293 0.003
14 | GIBY-Ex1 Giby — parish church 0.317 0.004
15 | GIBY-Ex2 29 Sejny 0.315 0.005
16 | A-KONO ABS Konopnica 0.256 0.004
17 | KONO-Ex1 Konopnica — church 0.283 0.002
18 | KONO-Ex2 2406 Jasien 0.307 0.006
19 | A-KOSZ ABS Koszalin 0.296 0.002
20 |KOSZ-Exl Koszalin —Tech. Univ. 0.314 0.006
21 |KOSZ-Ex2 2 Koszalin 0.302 0.002
22 | A-KSIA ABS Ksiaz 0.290 0.006
23 | KSIA-Exl 351 Ksiaz 0.394 0.003
24 | KSIA-Ex2 Swiebodzice — church 0.307 0.005
25 | A-LAMK ABS Lamkowko 0.328 0.003
26 |LAMK-Ex1 Lamkowko — cellar 0.240 0.001
27 |LAMK-Ex2 Lamkowko — garden 0.328 0.004
28 | A-OJCO ABS Ojcow 0.223 0.006
29 |0JCO-Exl Ojcow — concr. block 0.274 0.004
30 | OJCO-Ex2 Skata — church 0.313 0.003
31 | A-PIWN ABS Piwnice 0.282 0.002
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32 | PIWN-Ex1 Piwnice — pavilion 0.328 0.004
33 | PIWN-Ex2 Swierczynki — church 0.306 0.005
34 | A-SIEN ABS Sieniawa 0.307 0.005
35 | SIEN-ExI Sieniawa — church 0.302 0.002
36 | SIEN-Ex2 1806 Tryncza 0.312 0.006

6. MONITORING GROUND WATER CHANGES IN THE VICINITY
OF THE ABSOLUTE GRAVITY STATIONS

At absolute gravity stations especially those that are included into the
geodynamic investigation programs the ground water changes should be
monitored. Water level variations cause the changes of the ground density that
affects measured gravity. This effect must be taken into consideration, in
particular when the results are used for interpretation of the geodynamic
phenomena that take place inside the Earth’s crust. Therefore, at some
absolute gravity stations the hydrologic tests were conducted. They indicated
the need for water level monitoring at a few absolute gravity stations and
further the water gauges were there installed. The heights of the upper holes
of the water gauges have been determined by means of the geometric levelling
with respect to the benchmarks of the vertical control network, as well as to
the appropriate gravity points. The list of absolute gravity stations with their
names, geographical co-ordinates and heights, as well as information on the
ground water gauges and the nearest gravity network points is given
in Table 3.

Table 3. Co-ordinates of the absolute stations

Name of [0) A h h piez. | The nearest point of the

station ° 'ta | ° " m m gravity network
Koszalin 54 11 30[16 12 30 38,26 - Koszalin, No 2, 3 km
Borowiec 52 16 37 [17 04 25 79,64 | 80,13 | Kdrnik, No 133, 5 km
Ksiaz 50 50 36 [16 17 42 | 399,36 - Ksiqz, No 351, 15 m
Piwnice 53 05 44 |18 33 22 82,16 | 84,06 | Torun, No 70, 8 km
Konopnica |51 21 00 [18 49 20 | 157,77 - Wielun, No 70, 14 km
Kr-Ojcow 50 13 07 |19 47 43 | 378,00 - Olkusz, No 276, 16 km
Gdansk 54 23 46 |18 34 24 20,16 - Gdansk, No 11, 3 km
Biatowieza |52 42 15 (23 50 59 | 160.00 - Biatowieza, No 171, 40 m
Sieniawa 50 10 16 |22 36 31 177.00 - Lezajsk, No 301, 20 km
Borowa Gora| 52 28 32 |21 02 06 | 106,72 | 108,36 |Bor. Gora, No 156, 30 m
Lamkéwko [53 53 06 |20 40 15 57.00 - Biskupiec, No 81, 16 km
Giby 54 02 20 {23 21 45 | 130.00 - Sejny, No 29, 8 km
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7. ABSOLUTE GRAVITY AT THE ZERO-ORDER POINTS

Absolute gravity values determined with ballistic gravimeters at the
zero-order network points are given in Table 4.

Table 4. Results of absolute measurements

Name of

Date of

Instrument Gravity Error Observer
station observ.
11/95 |FG5-101 | 981250.586 | 0.001 | (Falk, 1996)
Borowa 11/95 |JILAg-5 .584 | 0.005 | (Mékinen, 1997)
Gora 7/96 |FG5-107 587 | 0.004 | (Stizza, 1996)
12/97 |ZZG .602 | 0.004 | (Zabek, 1997)
Koszalin 11/95 | FG5-101 981425.038 | 0.005 | (Falk, 1996)
11/95 |FG5-101 981246.147 | 0.002 | (Falk, 1996)
Borowiec 5/96 |IMGC .139 | 0.005 | (Cerutti, 1997)
8/98 |ZZG .164 | 0.004 | (Zabek, 1998)
Ksiaz 11/95 |FG5-101 | 981050.682 | 0.002 | (Falk, 1996)
4/86 | GABL 981437.760 | 0.022 | (Arnautov, 1986)
Gdansk 7/96 | FG5-107 741 | 0.020 | (Stizza, 1996)
11/97 |Z2ZG 751 | 0.010 | (Zabek, 1997)
Ojcow 7/96 |FG5-107 981014.405 | 0.009 | (Stizza, 1996)
Bialowieza 7/96 |FG5-107 981257.400 | 0.003 | (Stizza, 1996)
Sieniawa 7/96 |FG5-107 | 981039.470 | 0.005 | (Stizza, 1996)
Piwnice 11/95 |JILAg-5 081268.685 | 0.004 | (Mikinen, 1997)
8/98 |ZZG .672 | 0.002 |(Zabek, 1998)
Konopnica | 11/95 | JILAg-5 | 981148.470 | 0.004 | (Mékinen, 1997)
898 | 2ZG .500 | 0.002 |(Zabek, 1998)
Lamkéwko 5/96 | IMGC 981377.614 | 0.005 | (Cerutti,1997)
10/97 | ZZG .635 | 0.002 |(Zabek, 1997)
Giby 10/97 | ZZG 981391.438 | 0.002 | (Zabek, 1997)

Differences between the results of repeated measurements at six
stations are by a factor of 3-6 larger than the accuracy of observation
(5 nGal). Those differences are as follows: up to 18 pGal at Borowa Goéra
(without the GABLE gravimeter), 25 pGal at Borowiec, 15 pGal at Piwnice,
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30 uGal at Konopnica and 21 puGal at Lamkoéwko. At the remaining six
stations gravity was measured only ones. Although an estimated error of the
determined gravity is rather small it does not express the real accuracy of the
measured value of gravity. Single determination of absolute gravity at a
station seems to be affected by systematic errors.

Thus the Polish (domestic) gravity standard might have been
determined only after a consistent verification of the measured absolute
gravity at the stations. Such verification was performed by means of relative
gravity measurements made between the absolute gravity stations by means of
so called the long (150-350 km) spans method.

8. VERIFICATION OF THE ABSOLUTE GRAVITY VALUES

In order to verify the gravity values obtained from absolute gravity
measurements the special relative gravity measurements between the absolute
gravity points were performed. Gravity differences between the pairs of the
absolute gravity points have been measured using 3 or 4 LCR gravimeters.
Earth tides and the atmospheric corrections were computed in the same way
as in case of absolute gravity measurements (Timen L., Wenzel H.G., 1994).
The differences between vertical gravity gradients at the points have also been
taken into account.

The network of 25 long spans against the gravity control net is shown
in Fig. 1. The mean square error of gravity differences as computed from the
misclosures of the figures equals 4 pGal. The network was adjusted as a free
one tied to Borowa Gora station. Since the gravity values obtained at Borowa
Gora using the JILAg-5 and both FG5 gravimeters almost did not differ, the
average of those three determinations has been accepted as a constant gravity
value at this point.

The mean square error of the long span measurements estimated in
independent adjustment of the network equals £5 pGal. The mean square
errors of adjusted gravity differences in the long span network are of the order
of £3—4 pGal. It indicates that the accuracy of the established network is
comparable with the accuracy of the absolute gravity measurements.

Twenty five values of gravity differences between absolute stations
together with gravity values obtained at 12 stations form absolute
observations became the basis for the verification of 21 results of absolute
gravity measurements obtained in Poland with 5 absolute gravimeters tested
in Sévres. The criterion of the verification was a triple mean square error of
relative gravity measurements. The analysis and comparison of all received
absolute and relative gravity measurements showed that the results obtained
with the JILAg-5 and both FG5 gravimeters fulfil the assumed criterion as
they are very close to each other. The results obtained with the IMGC and
Z7G gravimeters are the outliers in terms of that criterion. (See Table 5)
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Table 5. Results of absolute and relative measurements and their comparison

Measurement Comparison
Name of absolute relative difference
station r
uGal r/mg
. g mg g mg
Date | Gravimeter mGal uGal | mGal | pGal
1 2 3 4 3 6 7 8 9

11/95 | FG5-101 | 981250.586 1 0 0.0*
Borowa 11/95 | JILAg-5 584 | 5 | 58" 109" 2 2.0 %
Gora 7/96 | FG5-107 587 4 +1 1.1*

12/96 77G .602 4 +16 17.8
Koszalin 11/95 | FG5-101 | 981425.038 5 .037| 43 +1 02 *
11/95 | FG5-101 | 981246.147 2 -3 0.8 *
Borowiec 5/96 IMGC 139 5 150 3.9 -11 2.8 *

8/98 772G .164 4 +14 3.6
Ksigz 11/95 | FG5-101 | 981050.682 2 .685| 4.4 -3 0.7 *
, 7/96 | FG5-107 981437.741 20 +6 1.9 *

Gdatisk 1197 | 727G 751 10 | 0] 3! 16 5.
Ojcow 7/96 | FG5-107 | 981014.405 9 409 | 3.6 -4 1.1%*
Bialowieza | 7/96 | FG5-107 | 981257.400 3 406] 3.1 -6 1.9 *
Sieniawa 7/96 | FG5-107 | 981039.470 5 470 4.3 0 0.0 *
- %

Piwnice 11/95 | JILAg-5 | 981268.685 4 6851 29 0 0.0

8/98 772G 672 2 -13 4.5
- . *

Konopnica 11/95 | JILAg-5 981148.470 4 4761 33 6 1.8

8/98 772G .500 2 +24 7.3
_ *

Lamkéwko 5/96 IMGC 981377.614 5 2| 36 8 2.2

10/97 727G .635 2 +13 3.6
Giby 10/97 727G 981391.438 2 443 4.2 -5 1.2*
Polom 9/93 | FG5-107 980921.164 5 164 | 84 0 0.0 *
Wilno 7/94 JILAg-5 981459.090 5 0.88] 5.9 +2 0.3*

The stations Polom
included to the verification.

1)

FG5-107

2)

* — positively verified result of absolute g (r/mg <3)

(Czechs) and Wilno (Lithuania) have been also

— mean value of g obtained in Borowa Gora using FG5-101, JILAg-5 and

— mean square error of g obtained from absolute measurements in Borowa Gora
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Therefore, neither the result from the IMGC nor from the ZZG
gravimeter was taken into account in final adjustment. Thus 12 gravity values
obtained using the JILAg-5 and both FG5 No 101 and FG5 No 107 ballistic
gravimeters at 10 absolute gravity stations constitute the gravity standard and
the gravity level of reference in Poland. Since those gravimeters were tested
several times in Sévres and were also operated at many stations at the globe,
the Polish gravity standard is adequate to the world one.

The unit of gravity has been determined on the basis of the gravity
values obtained using both FG5 gravimeters at six absolute gravity stations
that constitute the skeleton of the two calibration lines Koszalin — Borowiec —
— Ksiaz and Gdansk — Borowa Goéra — Ojcow.

Very similar accuracy of absolute and relative gravity measurements
obtained on the long spans made possible to make a joint adjustment. It
provided the final gravity value at all 12 absolute gravity stations including
Lamkowko and Giby. The gravity values at absolute gravity stations verified
and adjusted jointly with relative gravity observations as well as the gravity at
the eccentric stands are given in Table 6.

Table 6. Gravity at absolute stations and eccentric stands

N . . ; Co-ordinates

ame o solute points an .

No stands eccentriz stands ety

(0} A
[ I O R

1 |A-BIAL ABS Bialowieza 524213 |235107 981 257.403
2 |BIAL — Ex1 171 Biatowieza 524213 |235107 257.155
3 |BIAL — Ex2 |Bialowieza — church 524206 |235233 254.759
4 |A-BG ABS Borowa Goéra 522833 |210207 981 250.586
5 [BG-Exl1 Borowa Gora — G2 522832 |210209 250.443
6 |BG-Ex2 156 Borowa Gora 522832 (210209 250.178
7 | A-BORO ABS Borowiec 521637 | 170424 981 246.148
8 | BORO —Ex1 | 0216 Borowiec 521634 | 170429 245275
9 [BORO —Ex2 |Borowiec — astrogr. 521638 [ 170431 245.087
10 | A - GDAN ABS Gdansk 542347 [183431 981 437.737
11 | GDAN — Ex1 | Gdansk — Univer. 542351 |183433 437.258
12 | GDAN - Ex2 | 11 Gdansk 542206 | 183700 436.475
13 |A-GIBY ABS Giby 540218 |232142 981 391.443
14 | GIBY —Ex1 | Giby - plebania 540219 (232142 391.189
15 |GIBY —Ex2 |29 Sejny 54 06 35 232030 401.989
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16 | A—KONO ABS Konopnica 512100 | 184918 981 148.473
17 | KONO - Ex1 | Konopnica — church 512115 [184945 147.245
18 | KONO — Ex2 | 2406 Jasien 511631 | 184359 141.391
19 |A-KOSZ ABS Koszalin 541112 1611 51 981 425.038
20 | KOSZ — Ex1 |Koszalin — Univer. 541105 |161149 425.131
21 |KOSZ — Ex2 |2 Koszalin 541229 | 1609 28 429.875
22 | A—-KSIA ABS Ksiaz 505036 |161742 981 050.682
23 |KSIA - Ex1 |351 Ksiaz 505036 |161742 049.860
24 | KSIA —Ex2 | Swiebodzice — chur. 505139 (161921 076.533
25 |A-LAMK ABS Lamkéwko 535328 1204011 981 377.622
26 | LAMK — Ex1 | Lamkowko — cellar 535328 |204014 377.983
27 | LAM K- Ex2 | Lamkowko — gard. 535327 |204015 377.947
28 |A—-0JCO ABS Ojcow 501310 | 194812 981 014.406
29 | OJCO - Ex1 |Ojcéw — concr.bl. 501310 | 194812 014.972
30 |OJCO —Ex2 |Skata— church 501353 [195115 007.818
31 [A-PIWN ABS Piwnice 530542 | 183330 981 268.685
32 |PIWN —Ex1 | Piwn. —pavilion 530546 | 183326 267.568
33 | PIWN — Ex2 | Swierczynki — chur. 530555 183151 267.614
34 [ A —SIEN ABS Sieniawa 501015 |223654 981 039.469
35 | SIEN — Ex1 | Sieniawa — church 501038 |223633 039.399
36 | SIEN—-Ex2 | 1806 Tryncza 500909 (223411 038.846

The gravity control network consisting of 354 points (Fig. 1) has been
adjusted with fixed 12 described above absolute gravity points and 3 absolute
gravity points in Germany. Finally the network unified with regard to the
gravity reference and the gravity scale as well as its construction and accuracy
has been established.

ACKNOWLEDGEMENTS

This work was supported by the State Committee for Scientific
Research in Poland through the grants No 9 0720 91 01 and No 9 T 12 E 016
12 as well as by the Head Office of Geodesy and Cartography, Warsaw.

The author expresses his sincere thanks to all who contributed to the
measuring campaigns and to data analysis and adjustment. Particular
appreciation is expressed to the colleagues from the Institute of Geodesy and
Cartography, Warsaw, namely Dr. Lucjan Siporski, Dr. Andrzej Sas, Mr.
Seweryn Mroczek, Mrs. Maria Cisak. Special thanks are also due to Prof. Jan
Krynski for beneficial discussions and his help in preparing this paper.



30

Andrzej Sas-Uhrynowski

(1]

(2]

(3]

(6]

(7]

(9]

REFERENCES

Bokun J., Sas A., 1985, Rys historyczny prac nad utworzeniem
podstawowej osnowy grawimetrycznej kraju (Historical outline of the
works on establishing of the gravity control network). Przeglad
Geodezyjny, Biuletyn IGiK nr 1, p. 27-33.

Boedecker G., 1988, International Absolute Gravity Basestation
Network (IAGBN) — Absolute Gravity Observations, Data Processing,
Standards and Station Documentation. BGI Bull. d’Inf. Nr 63,
p. 51-56.

Cerutti G., De Maria P., De Sogus S., Mazzoleni F., Marson I.,
Velicogna 1., 1997, Absolute Gravimetry in the Central European
Initiative: The Italian Contribution. Reports on Geodesy, IGWiAG,
Nr 3, p. 105-111.

Cisak M., Sas A., Siporski L., 1998, Fundamentalny punkt podstawowej
osnowy grawimetrycznej kraju w Borowej Gorze (Fundamental station
of the gravity control network in Borowa Gora). Proceedings of the
IGiK, vol. XLV No 96, p. 19-28.

Falk R., 1996, Sprawozdanie z pomiarow absolutnych na punktach:
Borowa Gora, Koszalin, Borowiec i KsiqZz (Report on absolute
measurements at the stations: Borowa Gora, Koszalin, Borowiec and
Ksiqz). Measuring team of the former IfAG, Frankfurt am Main.
(Physical Geodesy Dept. of IGiK).

Mikinen J., 1997, Revised Results of the Polish-Finnish
absolute-gravity campaign of 1995. Report on absolute measurements
at the stations: Borowa Gora, Piwnice and Konopnica. Finish
Geodetical Institute. (Physical Geodesy Dept. of IGiK).

Sas A., 1999, Analiza porownawcza nowej podstawowej osnowy
grawimetrycznej (POGK 97) z osnowq z lat 60 (Comparison analysis
of the new gravity control network (POGK 97) with the one of the
sixties). Proceedings of the IGiK, vol. XLVI No 98, pp. 51-58.
Sas-Uhrynowski A., Cisak M., Sas A., Siporski L., 1999, Zmodernizo-
wana podstawowa osnowa grawimetryczna kraju — POGK 97 (A new
national gravity control network — POGK 97). Proceedings of the IGiK,
vol. XLVI No 98, pp. 41-49.

Sas-Uhrynowski A., Cisak M., Mroczek S., Sas A., Siporski L., 2000,
A new gravimetric control network for Poland. Reports on Geodesy,
Warsaw University of Technology, Institute of Geodesy and Geodetic
Astronomy. No 8, pp. 55-60.

Siporski L., 1999, Wyrownanie wynikow pomiarow nowej podstawowej
osnowy grawimetrycznej kraju — POGK 97 (Adjustment of the new
gravimetric control network — POGK 97). Prace 1GiK, vol. XLVI,
No 98, p. 59-64.



Absolute gravity measurements in Poland 31

[10] Siporski L., Mroczek S., Sas A., Sas-Uhrynowski A., 2000, Krajowy
wzorzec — grawimetryczny ‘99  (National  Gravity — Standard °99).
Proceedings of the Rural Academia in Wroctaw, Geodesy and
Agricultural Engineering No 394, pp. 359-369.

[11] Stizza D., 1996, Absolute Gravity Campaign — Poland 1996. Report on
absolute measurements at the stations: Borowa Gora, Gdansk, Ojcow,
Bialowieza and Sieniawa. Measuring team of the NIMA (former DMA)
USA. (Physical Geodesy Dept. of IGiK).

[12] Timen L., Wenzel H.G., 1994, Worldwide Synthetic Gravity Tide
Parameters Available on Internet. BGI Bull. d’Inf. No 75, pp. 32-39.

[13] Torge W., 1980, Geodesy. Walter de Gruyter, Berlin — New York,
1980.

[14] Zabek Z., 1997, Sprawozdanie z pomiarow na punktach: Borowa
Gora, Gdansk, Lamkowko i Giby (Report on measurements at the
stations: Borova Gora, Gdansk, Lamkowko and Giby). Measuring team
of the IGWiAG, Warsaw Technical University. (Physical Geodesy
Dept. of IGiK).

[15] Zabek Z., 1998, Sprawozdanie z pomiarow na punktach: Borowiec,
Konopnica i Piwnice (Report on measurements at the stations:
Borowiec, Konopnica and Piwnice). Measuring team of the IGWiAG,
Warsaw Technical University. (Physical Geodesy Dept. of IGiK).

ANDRZEJ SAS-UHRYNOWSKI

ABSOLUTNE POMIARY GRAWIMETRYCZNE W POLSCE
Streszczenie

W latach 1994-1999 zostala zatozona w Polsce nowa podstawowa
osnowa grawimetryczna kraju. Osnowa oparta jest na 12 punktach tzw.
punktach absolutnych, na ktérych pomiary zostaly wykonane 5-ma
grawimetrami balistycznymi: FG5-101, FG5-107, JILAg-5, IMGC i ZZG.
Punkty absolutne =zostaly wybrane, zgodnie 2z rekomendacjami
Migdzynarodowej Komisji Grawimetrycznej, na najnizszych kondygnacjach
budynkéw takich jak obserwatoria, muzea, szkoly, koscioty itp. Daje to
nadzieje, ze punkt absolutny przetrwa w nienaruszonym stanie co najmniej
kilkadziesiat lat. Opracowanie zawiera szczegotowe opisy wszystkich
punktow absolutnych. Pomiary byly wykonywane przez zespotly: niemiecki,
amerykanski, finski, wtoski i polski. Poniewaz na kilku punktach, na ktoérych
pomiary byly powtarzane réznymi grawimetrami, wyniki roznity si¢ nawet
o 30 mikrogali, zaszla konieczno$¢ przeprowadzenia ich weryfikacji. W tym
celu wykonano bezposrednie pomiary nawiazujace pomigdzy punktami
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absolutnymi za pomoca zespotu czterech grawimetréw LaCoste & Romberg.
Pomiary wykonano na 25 tzw. dlugich przestach (160-300 km). Wyniki
wyznaczen absolutnych i wyniki nawiazan wzglednych poddano wspoélnej
analizie, ktora umozliwita dokonanie eliminacji grawimetréw nie
spetniajacych zatozonych kryteriow pewnosci — IMGC i ZZG. Pozostate
grawimetry: FG5-101, FG5-107 i JILAg-5, ktorych wskazania nie ro6znily si¢
wigcej niz 3 mikrogale, uznano za reprezentujace migdzynarodowy standard
grawimetryczny. Ich wskazania przyjeto jako wzorzec dla polskiej
grawimetrycznej osnowy podstawowej. Wyniki pomiarow wzglednych na
685 przestach osnowy wyréwnano w nawiazaniu do 12 wyzej wspomnianych
punktéw absolutnych oraz do 3 punktéw na terytorium Niemiec. Uzyskano
w rezultacie zbior wartos$ci przyspieszenia sily cigzkosci dla 354 punktoéw
osnowy, ktora stanowi jednorodna sie¢ pod wzglegdem poziomu
grawimetrycznego 1 grawimetrycznej skali, jak rowniez pod wzglgdem
doktadnosci i konstrukcji.

AHJDKEU CAC-YXPBIHOBCKH

ABCOJIIOTHBIE TPABUMETPUYECKUE NU3MEPEHUS B ITOJIBILE
PesmowMme

B 1994-1999 romax Opuia 3ajmoxkeHa B [lomemie  HoBasg
rpaBuUMeTpudeckas ocHoBa cTpaHbl. OcHOBa Oazupyercss Ha 12 myHKTax, T.H.
aOCONMIOTHBIX IYHKTaX, Ha KOTOPHIX OBIIM IPOBEAEHBl H3MEPEHHUS
5 Oammuctrueckumu rpaBumetpamu: FG5-101, FG5-107, JILAg-5, IMGC u
77G. AGcomroTHBIE TTyHKTH OBLUTH BBIOpAHBI, COTJIACHO C PEKOMEHIAITUSIMU
MexyHapoAHOW TpaBUMETPUUECKON KOMHMCCHHM, HA CaMbIX HU3KHX 3TaXkax
3aHUl TaKMX Kak, 00CepBaTOPHH, MY3€H, IIKOIBI, KOCTENBI U T.I. DTO HaéT
HaZEKAYy, UYTO aOCOJIOTHBIH ITyHKT TIPOAEPKHATCS B HEHAPYIICHHOM
COCTOSIHMH, TI0 KpaifHell Mepe, HEeCKOJBKO ICCATKOB jeT. B pabore maHo
nogpoOHOE omrcaHue BceX aOCONIOTHBIX MyHKTOB. V3MepeHHs! BBIOIHSIIIC
KOJUIEKTUBAMH: HEMEIKUM, aMEPUKAaHCKUM, (HHCKHM, HWTaIbSIHCKUM U
noyibckuM. Tak Kak Ha HECKOIBbKHUX IYHKTaX, Ha KOTOPBIX H3MEPEHUS
MOBTOPSUTUCH Pa3HBIMM IPAaBUMETPAMH, PE3yJIbTaThl OTINYAIUCH faxe Ha 30
MHUKPOTAJIOB, TIOSBUIACh HEOOXOIUMOCTh MPOBeJeHHs uX MpoBepku. C 3Toi
1eNbI0 OBUTM BBITIOJHEHBI HETOCPECTBEHHbIE MPUBS3BIBAIONINE H3MEPEHUS
MeXJy aOCOJIOTHBIMH IYHKTaMH C TOMOIIbI0 KOMIUIEKTa 4 TpaBUMETPOB
LaCoste & Romberg. BeimonHens! u3mepenrs Ha 25 T.H. JUIMHHBIX MPOIETax
(160-300 xm). PesynbpTaThl aOCONIOTHBIX ONPEIACICHHA U PE3yIbTATHI
OTHOCHTENFHBIX MPHUBA30K OBUIM TOAJAHBI OOIEMY aHaTU3y, KOTOPBIA Jai
BO3MOYKHOCTb HCKJIIOUEHHUS TPAaBUMETPOB, HE HCIONHSIOMUX MPUHATHIX
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kputepueB HaaéxkHoctd — IMGC u ZZG. OcranbHble T'PaBUMETPHI:
FG5-101, FG5-107 u JILAg-5, moka3aHus KOTOPBIX HE OTINYAINCH OOJBIIE
yeM 3 MuKporaia, ObUIM TMPHU3HAHBI MPEICTABISIOMIUMHI MEXKTyHapPOIHBIN
rpaBUMETpUYECKUd cTaHmapT. VX mokaszaTenu ObUIM NPUHATHI B KauecTBE
obOpasma (dTanoHa) I MOJIBCKON TPaBUMETPHICCKON OCHOBEI. Pe3ymbTarhl
OTHOCHUTENBHBIX M3MepeHHi Ha 685 mponéraXx OCHOBBI OBUIM ypaBHEHBI C
NpPUBS3KOH 10 12 BhIIIEyKa3aHHBIX a0CONIOTHBIX IYHKTOB, a TaKXke [0
3 myHkToB Ha Teppuropuu ['epmanuu. B pesynpTare OB MOMYy4YEH CBOJ
BEJIMUMH YCKOpPEHHA CHJIBl TSDKECTH Ha 35 MyHKTaX OCHOBBI, KOTOpas
ABJISICTCSl OAHOPOJHOM CETHhIO KaK C TOYKM 3PEHHs TPaBUTALIOHHOTO YPOBHS
U TPaBHUMETPUYECKOro Maciutaba, Tak M C TOYKH 3PEHHS TOYHOCTH
U KOHCTPYKIIUH.

[TepeBon: Po3za TonctukoBa
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Absoiuts 3raviiy lasesiaiion Network of poiand

Country: Poland
H=106.4m g =381250.586 mGai

Staiion Location: Borowa Géra

a=>52°28'33" /.=21°02'C7”

Remarks / Staiion Identity / Contact
C-onisci Acdress:

Staticn Address:

Obserwatorium Geodezyjno-Geofizyczne instytut Geodezji i Kartografii

instytutu Geodezji i Kartografii ul. Jasna 2/4

w Borowej GOrze 00-950 Warszawa
tel/fax:(0-22) 827-03-28

05-140 Serock
tei. (0-22) 782-72-34

Detailed Sketch (Norfe? Staiion Marker?) / Phctograpfa

Date i Autor  Juiy 1996 D.Siizza ; Nov.1999 M.Cisak

Fig. 1






Absoluts Gravity Basssiailon Network of Poland

Location: Koszalin Country: Poland

=54°11'12" k= 160H'51" H=38.3m c =981 425.038 mGa!

/ Siaties ldentity / Cestact

i Station Address: vwiaaw
Politechnika Koszalinska . . fi
Wydziat Budownictwa i Inzynierii Srodowiska 'r.ISBVtUt G(;%rjezp | Kartografil
Katedra Geotechniki 86-96155(;]\?Varszawa
ul. Ractawicka 15/17 )
75-820 Koszalin tet/fes: (0-22) 827 03 28

tet. (094) 42-78-81 w.379
Detailed Sketch (North? Station Marker?) / Photograph

Date / Author Nov. 1999/ M. Cisak






Absolute Gravity Bassstaiion Network of Poland

Location: Borowiec Coun&y: Poland
(?=52°16'37"  X=17°04'24" H=79.6m S=: 248.148 m3a!
iOverviev/ Assess / Outsids View /

{Remarks 1 Station Identity / Contact

Station Address:

) Polska Akademia Nauk

i Centrum Badarn Kosmicznych ul. Jasna 214

| \(,)vb;srrz)st;inum Astrogeodynamiczne 00-95Q Warszawa

i 82-035 Kornik iei/fec: (0-22) 827-03-28
tel. (0-81) 17-01-87; fax (0-61) 17-02-19

jDetailsd Sketch (North? Station Marker?)! Photograph

Contact Address:

Instytut Geodezji i Kartografii

Main Oé&ssrvsiory BuMing

IDaie / Author  Nov. 1999/ M.Cisak

Fig.3






Absolute Gravity Basastation Network of Poland

Station Location:  Ksigz Country: Poland
$=50°50'36" A =16°17'42" H =33S.4m =981 050.832 mGai
Ovetvisv / Access | Outside View / Topo Map

Remarks / Station Identity / Contact

Station Address: Contact Address:
Dolno$laskie Obserwatorium Geofizyczne instytut Geodezji i Kartografii
instytutu Geofizyki PAN ul. Jasna 2/4

ui. Piastow Slaskich 1 00-950 Warszawa

58-308 Watbrzych tel/fax: (0-22) 827-03-28

te! (0-74) 40-07-77 fax (0-74) 43-28-79

Sketch (North? Station Marker?) /Photograph yxj-

aSv

Observatory.

/ Author Nov. 1999 / M.Cisak






Absolute Gravity Basestation Network of Poland

Station Location:  Piwnice Country: Poland
9 =53°05'42" I =18°33'30" H=82.2m g =981 268.885 mGal
Overviev/ Access / Outside View ! Top© Map

/ Station Identity / Contact

Station Address: Contact Address:
Obserwatorium Astronomiczne inst/tut Geodezji i Kartografii
Uniwersytetu Mikotaja Kopernika ul. Jasna 2/4
Piwnice k. Torunia 00-950 Warszawa
87-147 Lysomice lei/fax: (0-22) 827-03-28

tei. (0-56) 611-30-05

Detailed Sketch (North? Station Marker?) ! Photograph

Date / Author Nov. 1999 / M. Cisak

Fig.5






Absolute Gravity Basestation Network of Poland

Konopnica Country: Poland

Station Location:
H=157.8m g =981 148.473 mGal

®=51°2r 00? 1 = 18°49'18"
Overviev / Access / Outside View / Topo

identity / Contact
Station Addrsss: Contact Address:

Dom Pracy Tworczej Politechniki todzkiej Instytut Geodezji i Kartografii

ul. Parkowa 5 ul. Jasna 2/4
98-313 Konopnica 00-950 Warszawa
tel/fax; (0-22) 827-03-28

tel. (0-43) 842-44-22

(North? Station Marker?)/ Photograph -

Fig.6
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Station Location: Gdansk Country: Poland

p=54°23'47" [ =18°34'31" H=20.2 m g =981 437.737 mGai

Remasks / Statien Ideatily / Contact

Siation Address Contact Address:
Instytut Fizyki Uniwersytetu Gdanskiego Instytut Geodezji i Kartografii
ul. Wita Stwosza ui. Jasna 2/4
80-312 Gdansk-Wrzeszcz 00-950 Warszawa
tetl. (0-58) 552-92-62 tel/fax: (0-22) 627-03-28

(0-58) 552-92-89

Detailed Sketch (North? Station Marker?) / Photograph

Gravity station

entrance

institute oi Mathematics
and Physics

/ Author : July 1996/ D.Stizza ; Nov. 1999 / M. Cisak

Fig. 7






Absolute Gravity Basestation Network of Poland

Station Location: Lamkowko Country: Poland

@©=53°5328" k=20°40'11" H=157m g =981 377.622 mGal

Remarks / Station Identity / Contact

Obserwatorium Satelitarne instytut Geodezji i Kartografii
Uniwersytetu Warminsko-Mazurskiego ui. Jasna 2/4

11-012 Lamkowo 00-950 Warszawa
Lamkowkol 3 tel/fax: (0-22) 827-03-28

tel. (0-89) 514-18-84,

Detailed Sketch (North? Station Marker?) / Photograph

Date / Author Nov. 19991Maria Cisak






Absolute Gravity Basestatfon Network of Poland

Country: Poland

Static» Location: Giby
H=140m g =981 391.443 mGal

9=54°02'18" A =23c21'42"
Overviev / Access / Outside View f Topo Map

Remarks / Station Identity / Contact
Contact Address:

Station Address:
instytut Geodezji \ Kartografii

Parafia Rzymsko-Katoiicka
w Gibach ul. Jasna 2/4
16-506 Giby 00-950 Warszawa
tel/fax: (0-22) 827-03-28

tei. (0-87) 16-50-74

Detailed Sketch (North? Station Marker?) / Photograph

33  Gravity station
E3

R

Garage

Q-- £3----0-C
Parish House

| Author  Nov. 1999 /M. Cisak

Fig.9






Absolute Gravity Basastation Network of Poland

Station Location: Biatowieza Country: Poland

g =52°42'13" k=

Remarks i Station ldentity / Contact
Station Adéress: Coniact Addrsss:

Polska Akademia Nauk instytut Geodezii i Kartografii

Zaktad Badania Ssakéw ul. Jasna 2/4
17-206 Biatowieza 00-950 Warszawa

tel. (0-85) 681-22-78 tel/fax: (0-22) 827-03-28
(0-85) 681-22-88

Detailed Sketch (North? Station Marker?) / Photograph

i Author July 1996 / D.Stizza ; Nov 199S/ M. Cisak

Fig. 10
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Siaiilu Location:  Sieniawa Cobntry: Poland

®=50°]015" A =22°36'54" H=177m g =581 039.489 mGal

/ SiatioB ldentity / Contact
Station Address

Zespot Patacowo-Parkowy
u!. Kosciuszki 32

Contaoi Address:

instytut Geodezji i Kartografii

37-530 Sieniawa ul. Jasna 2/4
tel/fax (016)821-51-01 00-950 Warszawa
tel/fax: (0-22) 827-03-28

Detailed Sketch (North? Station Marker?) / Photograph

Date / Author  July, 1996 / D.Stizza ; Nov. 1999 / M.Cisak

Fig. 11






Absolute Gravity Basestation Network of Poland

Station Location: Ojcow Countiy. Poland

@©=50°13'0" k =19°48'12" H=378 m g =981 014.406 mGal

Rsmarks / Station Ideniy f Contact

Station Addrass: Contact Address:
Obserwatorium Sejsmologiczne Instytut Geodezji i Kartografii
Instytutu Geofizyki PAN ui. Jasna2/4

32-047 Ojcéw 00-950 Warszawa

tel/fax: (0-12) 23-95-84 tei/fax:(0-22) 827-03-28

Detailed Sketch (North? Station Marker?) / Photograph

Gravity station

Date / Author  July 1998/ D. Stizza « Nov.1999 / M Cisak

Fig.12
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Connection of the Jozefostaw and Krokowa
UNIGRACE absolute gravity stations
with the zero-order network

In 2001, the Jozefostaw and Krokowa absolute gravity stations of the
UNIGRACE project were connected with the zero-order network. Both
stations were connected with three absolute gravity stations. The Jozefostaw
station was connected with Borowa Gora, Borowiec and Piwnice. The
Krokowa station was connected with Piwnice, Koszalin and Gdansk. The
measurements of the gravity differences between stations mentioned above
were made 3 times by means of the long span method, using four LCR
gravimeters. Back and fore measurements of each span were performed for
three days with three of four gravimeters. The scales of gravimeters were
controlled on the central calibration line. The Earth tide correction was
computed in the same way as in case of previous measurements. On each
stand the atmospheric pressure was also measured and the appropriate
correction was implemented to the results. The results were reduced to the
upper plane of the pillar by implementing the gradient correction. The final
result of gravity difference on the long span corresponds to the average from
all measurements on the span.

Misclosures in the figures, formed from two connecting long spans and
one long span between the stations of the zero-order network, are shown in
drawings. Tables give the final results of connection. The comparison
between the results obtained from connection and the ones obtained from
absolute measurements at Jozefostaw and Krokowa is not discussed since the
results of absolute measurements, performed within the UNIGRACE project,
are not available yet.
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Connecting measurements for Krokowa Station in 2001,
using LaCoste & Romberg gravimeters

No. Name of from - to Difference | Error
the span

1 |KRO-GDA |A-KROK Krokowa — A-GDAN Gdansk -34.078 +0.005

2 |KRO-KOS |A-KROK Krokowa — A-KOSZ Koszalin -46.796 +0.004

3 [|KRO-PIW |A-KROK Krokowa — A-PIWN Piwnice | -203.139 |+0.004

A-KROK Krokowa

2,

A-KOSZ Koszalin
Q‘Q’ A-GDAN Gdansk
o>

A-PIWN Piwnice
A-PIWN Piwnice

—  spans measured in 2001
—  spans of the zero-order network

@ A-PIWN Piwnice —  absolute station

(+0.005) —  misclosure in the figure

The adjusted value of gravity at Krokowa, obtained from relative
connecting measurements: 981 471.822
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Connecting measurements for Jozefostaw Station in 2001,
Using LaCoste & Romberg gravimeters

No. ?ﬁ?:p(;fl from - to Difference | Error
1 |JOZ-BG |A-JOZE Jézefostaw — A-BG Borowa G. 37.524 [+0.005
2 [JOZ-PIW [A-JOZE Jozefostaw — A-PIWN Piwnice 55.634 [£0.010
3 [JOZ-BOR [A-JOZE Jozefostaw — A-BORO Borowiec 33.089 [£0.009

A-PIWN Piwnice

A-BG Borowa Gora

A-BORO Borowiec

A-JOZE Jb6zefostaw

@4’@ — spans measured in 2001
@=’@ — spans of zero-order network

(© A-PIWN Piwnice

absolute stations

(+0.004) — disclosure in the figure

The adjusted value of gravity at Jozefostaw, obtained from relative
connecting measurements: 981 213.058
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