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GEODETIC W O R K  I N  T H E  NETHERLANDS, 1971-1974 

I CONTROL SURVEYS 

1.1 Primary triangulation 

The  nctwork around the fi)rmcr Zuidcrzcc coulcl not 11c complctctl 1)ccausc n o  permission was 
obtained to colltinuc thc ol~scrvations at tllc new station Hcrgcll aan %cc after a transfer in 
owncrsllip of thc towcr uscd f i r  tllis purpose. As no suital)le rcplaccmcnt was nvailnl~lc in tlic 
vicinity and 1)uilding of'a spcci:~l ol~scrvation towcr would have I~ccn \w-y costly, it was decided 
to modifi. the nctwork origin;~lly plannctl. This motlilicd net will 11c strc.ngtllcnctl 11). mcasur.ing 
some of tllc sitlcs wit11 21 R.IKA4-tclluromctcr. 
- 7  l h(: primary statioll Monnikcntiam, includcd in this nctwork, appears to l)c clistur1)ctl. Ncw 
lowrr ordcr mc;~surclncllts from control points in this region rcsultcd i l l  coortlin;~tc.s tllat differ 
from tllc original ollcs. I t  is \.cry likely that this disturhancc occurrctl aficr tllc clam [AISluittlijk) 
1)ctwecn Noorcl-Hollantl atitl Fricslarid was built, resulting in a lowering of' tllc water-taljlc in 
tllis ;lrc:l. Ncw Grst ordcr lncasurcmcnts will l)(: carried out to dctcrmillc tllc new coortlinatcs of 
h,lonnikctltlam. 

1.2 Electromagnetic distance measurement 

Tllc Iligh precision travcrsc 1)ctwccn Kcstcr ancl tllr tllc two sites oftllc Dclft satrllitc ol~scrvation 
station was complctctl in 1971. Again a MRA4-tclluromctcr was uscd to carry out thc mcasurc- 
rncllts. 'l'hc station was moved from Dclft to a specially I~uilt  satellite ol~scrvatory at Kootwi.jk 
(near Apcldoorn) at the cnd of 1973. 
'Tllc travcrsc Kestcr-Dcll't will thcrclbrc 1)c cstcndctl to tliis ol~scrvatory and from tllcrc to the 
Belgian station Tongcrcn. Both Kcstcr and Tongcrcn arc includcd in the high prccision travcrsc 
Malvern-Graz. The  new ol~servatory has also I)ccn connected to tlie primary stations Amcrsfioort 
and Rhcncn 1))  directioli- and  distancc measurements. 

1.3 Base lines 

A comprehensive report on the base and base extension net "Af:sl~ritdi,jk" was pul~lishcd in 1972. 

1.4 Levelling 

1.4.1 General 

T h c  hydrostatic measurements for a Icvelling nctwork covering the wliole coc~ntry wcrc continued. 
This nctwork will consist of a series of concatcnated hydrostatic le\~cllings in the canals and  
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Fig. l 

riivers of Thc Netherlands. The 8 km long lead pipe used for this survey is laid out and taken up  
by a specially equipped ship. During the report period 590 km of this levelling wcrc completed. 
Thc avrrage length of one hydrostatic measurement was 4.6 km, the number of mrasurcments 
amounts to 357. These circuits cover thc whole country, see Fig. 1. A hydrostatic levelling 
line through the northern part of Belgilim gave an additional circuit. 
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T o  connect the hydrostatic lebelling network to underground benchmarks a series of short 
first-order levelling lines wcre measured. The  total length of these levellings made during the 
period of reporting amounts to 447 km. In addition to this, approximately 5300 km of second 
order levellings wcre carried out for \various purposes (including thc levellings in mining arcas.) 

1.4.2 Instruments 

For first order lcvclling work the automatic irlstrumcnts Zeiss Ni-2, Zciss Ni-l and Jerla Koni 
007 were uscd. 

The  nlethocls cmployed arc the samc as those dcscril~cd in thc reports presented in Toronto 
(1957) and Hclsirlki (1960). 

1.4.4 D a t u m  of the network 

Thc datum of the nctwork is Normaal Amstcrdams Pcil (N.A.P.), hxcd I)y an  underground 
l~cnchmark at  Amrtrrd,lm. 

1.4.5  junction.^ w i t h  conti<ytro~i.r 7zetwork.r 

In 1971 the section Rillancl Hath-Zandvlict-Ailtwcrp-Albcrt Kanaal-Manstricl~t hiis I~ccn 
mcasurcd. 

1.4.6 North- W e c t  Etitopean I,or~lantlr Levellir~g 

Tlic height of all I~cnclimarks h a ~ c  I~ccn compi~tccl in the NWEL1,-system. Thc  rcsults will 
1)c ~>i~blishcd in 1975. 

Hydrostatic lcvcllings to connect isolatcd tide gaugcs at sea with thc lcvclling nctwork on land 
wcrc continued. 111 total 180 km in the North Sra arlcl the Shallows wcrc mcasurcd, including 
a connection to thc lighthouse "Gocrcc" (22 km offshore) and to the North Sca mcasuring- 
station near Noordwijk (1 1 km offshore). 

1.5 Geodetic astronomy 

1.5.1 Laplace point,, 

The azimuth Zicrikzcc-Gocdcrccdc, determined in 1897 by Polaris, was rcdctermined by the 
samc method in 1973. Thc rcsults of thc 1897 and 1973 measurements differ only 01'.32. This 
completcd the tree twin Laplace points, i.e. 1,ccuwardcn-Ameland, Goederredc-Zierikzee, and 
Ubackisherg-Tongcrcn, in behalf of the readjustment of the Europcan triangulation network. 
A report giving details of'all ol~scrvations and results will IIC publisl~ed in 1975. 

1.5.2 Dejection of the vertical 

In  1974 geodetic-astronomical observations were carried out at a n ~ ~ n ~ b e r  of stations of the primary 
network for the determination of the deflection of thc vertical. Latitude and longitude were 
determined simultaneously, using a Zeiss Ni-2 astrolabium, at :  Aardenburg, Amersfoort, 



Berkheidc, Roschherg, Klifsberg, Lemelerberg, Monnikcndam, Nedcrwecrt, Oudgastel, Rozen- 
daal 3 (Imbosch), Venray, Winterswijk, Workum and Zaltbommel. For determining the ob- 
server's pcrsonal equation the satellite observatory at Kootwijk was used as a reference station. 
At the same stations the measurements will be repeated in 1975 to check the results. 

1.6 Marine-geodetic activities of the Hydrographic Department of the Royal 
Netherlands Navy 

1.6.1 T h e  Netherland5 

For hydrographic survcys in the coastal area the available primary and secondary trig points 
arc used. For the offshore areas the use of the Decca Hi-Fix Rijnmond chain fhr horizontal 
control was continued. In  some cases the Hi-Fix IJmuiden chain and the Sea-Fix Waddenzee 
chain, operated by the "Rijkswatcrstaat" (State Water Board) and used for harbour construction 
and sounding, were made available for hydrographic surveys. 

Hydrographic and occanographic surveys around the Netherlands Antilles startcd in 1970 with 
a Decca Survey chain for horizontal control. In 1971 this chain was replaced 1)y a Dccca Sea-Fix 
chain, which allowed highcr accuracies in position fixing and provided grcatcr flexibility in 
operation. In  1972, when this equipment was used in the Lecward Islands, gcodctic discrcpan- 
cies came to light in the rclativc position of the islands, which could he solved Ily transformation 
of coordinates into a common systcm, based on the re-examination of the available data of 
former surveys, on check-mcasurcmcnts, and on theoretical considerations. 

1.6.3 General 

For occanographic positioning the use of the Navy Navigation Satellite Systcm shows great 
promise. Plans for promotion of that system in marine geodesy are being studied. 
The  automation of hydrographic data logging and processing is proceeding favourably and is 
reaching its operational stage. 

1.7 Marine surveys of the Survey Department of the State Water Board 

Hydrographic survcys were carried out in coastal waters for project studics, for checking the 
effect of off'shorc civil engineering projects on the sea-bottom topography and for assisting and 
checking dredging operations. For these surveys use was made of the existing Decca survey- 
systems e.g. the Hi-Fix Rijnmond chain and local Hi-Fix and Sea-Fix systems. The  Holland 
Chain and Frisian Islands Chain were used for surveys not requiring a high accuracy. T h e  
Holland Chain became operational in 1972; a detailed calibration programme has been carried 
out for this chain. 
Small platforms, some metres square, were installed just above the bottom ofthc sea at a distanc 
of about 30 miles from the coast. These platforms served as tidal base stations and as reference 
points for depth calibration and position fixing. 
A complete software package was developed for the computation and plotting of position fixing 
patterns. 



1.8 Publications 

1.8.1 Primary tri,g~rlation 

HAASBROEK, N. 1). - Investigation of thc accuracy of Krayenhoff's triangulation (1802-181 1) in Belgium, The 
Netherlandj and a part of North Western Germany. Netherlands Geodetic Commission, Delft, 1972- 
222 p., 30 figs. 

HAASBROEK: N. D. - Investigation of the accuracy of Stamkart's Triangulation (1866-1881) in l'he Netherlands. 
Netherlands Geodetic Commission, Delft, 1974 - 144 p,,  32 figs. 

1.8.2 Electronic distance measurement 

BHUIJN, D. C. DE - Elektronische afstandmeting. Dr  Ingenirur, 'l'he Hague, l97 1: No. 47, pp. B 150-B 155 - In 
Dutch, 6 p., 8 figs. 

HAARSMA, M. and G. J .  HCJSTI - The high precision traverse Kester -Delft. Report submitted to ri.1.G.-commission 
I (Readjustrncnt of thc European Triangulation), Ilelft, 1973 - -  42 p., 7 figs. 

1.8.3 Base line5 

HONKASALO, 'I'. Remeasurement of the s~andard  basc 1,oenermark. Netherlands Grodctic C:oxnlnisaion, Publi- 
cations on Grodcsy, New Series, Vol. 4, No. 2, Drlft, 1971 - 24 p., 2 figs. 

BAKKEH, G., M.  HAARSMA. B. (;. K. KHIJC:EK and J .  C'. DE MUNCK hlcasure~nent of the base and basc extension 
net "Afsluitdi,jk". Netherlands Geodetic Commission. Publications on Geodesy, New Series, Vol. 4, No. 4, 
ncirt ,  1972 - 98 47 figs. 

1.8.4 Levelling 

WEELE, P. I .  VAN DER - DC geschiedenis van het N.A.P. (History ofthc N.A.P.). Netherlands Grodctic Commission, 
Drlft, 1971 - In  Dutch, 44 l'.. 6 figs. 

\VAAI.KWIJN, A. - Hydrostatischc watrrpassing. Dc Ingenieur, 'l'he Hague, No. 46, 197 1, pp. B 129 - B 132 - In 
Ilutch, 3 l)., 4 figs. 

BEUSEKOM, W. A. VAN - Hydrostatische watcrpassingrn. Geodesia, Delft, 197 1, No. 10. pp. 227-279 - In Dutch, 
3 l'., 3 figs. 

1.8.5 Geodetic astronomy 

H n s r ~ ,  G. J. - 'l'hr twin Laplace point Ubachsberg--l'ongerrn, applying the Black Method. Netherlands Grodrtic 
Commis~ion: Publications on Geodesy, New Series, Vol. 4, No. 1, Dclft: 1971 - 30 p,, 13 ligs. 

HUSTI, G. J. - The universal theodolite D K M  3A with sell-recording motor-micro~neter. Nederlands Geodetisch 
Tijdschrift, 1973% No. 3, pp. 49-53 - 5 p., 6 figs. 

1.8.6 Refraction 

MUNCK, J. C. DE - Limits or the use of dispersion in determining terrestrial refraction anglcs. I'aper presented at 
the Syposium "Terrestrial electromagnetic distance measurements and atmospheric effects on angular 
measurements", Stockholm 1974 - 18 p,, 6 figs. 

1.8.7 Marine  geode.^ 

HUSTI, G. J. - De onderwatertechniek van de mariene geodesie. Nederlands Geodetisch Tijdschrirt, Delft, 1971, 
No. 3, pp. 41-49 - In  Dutch 9 p., 10 figs. 

MUNCK, J. C. DE - Methoden van plaatsbepaling op zee met behulp van elektromagnetische golven korter dan  
enkele meters. Nederlands Geodetisch Tijdschrift, Delft, 1971, No. 9, pp. 189-195 - In Dutch, 7 p., 2 figs., 

ZIELEMAN, G. and L. H.  VAN OPSTAL - Geoxnetrical and mathematical properties o i a  modified hyperbolic pattern. 
The International Hydrographic Review. Vol. XLIX, No. 2, pp. 47-62, Monaco 1972 - 16 p., 7 figs. 

WEELDE, H. H.  VAN - Deep draught surveys in the southern North Sea. The International Hydrographic Review, 
Vol. I,, No. l .  pp. 13-23, Monaco 1973 - 11 p., 7 figs. 

GENT, W. G., VAN - A practical solution of some geodetic problems in the hydrographic survey near the Leeward 
Islands of the Netherlands Antilles. Hydrographic Newsletter, Vol. 2, No. 6 pp. 487-504, 'I'he Hague, 
1973 - 18 p., 3 figs. 



Burs, B. - Automation in the Netherlands Hydrographic Service. Hydrographic Newsleticl-, Vol. 2, No. 6, pp. 
505-523, l 'he Haguc, 1973 - 18 p., 4 figs. 

WEELDE, H .  H. VAN - HYURAUT as a tool Ibr surveys in the southern North Sea. Paper presented at the 14th 
F.1.G.-Congress, Washington 1974, Proceedings of ihc NIVth International Congress of Survryors pp. 
403.5.1.-403.5.6.. Washington, 1974 - 6 pag., 3 figs. 

SCIIAAI~, H.  Ph. VAN DER - Positicpatronen in het Waddengebied. De Ingcnicur. 'The Hague, No. 46, 197 1, pp. 
13. 133- B 135 - In Dutch, 3 p., 2 figs. 

WAL, J. H. M. VAS DEK - Enkele toepassingen van de lascr. De Ingenieur, 'The Hague, No. 47, 1971, pp. B 155 - 
B 158 - In Dutch, 4 p., 8 figs. 

SCIIAAF, H.  PII. VAN I ~ E R  - Systems for automatic con~putations and plotting of position fixing patterns. Rijks- 
waterstaat Communications No. 13. 'The Hague, 1972 - 64 p,, 17 Ggs. 

Los, C. - Modernc radio-navigatic systcmen. l)c Ingcnieur, The Haguc, 1972, No. 9, pp. ET 31 - El' 37 - In 
Ilutch, 7 p.. 7 figs. 



2 SATELLITE TECHNIQLTES 

2.1 General 

T h e  Working Group for Satellite Gcoclesy at the Geodetic Irlstitutc of the Delft University of 
Technology continued making photographic obscrvations of satellites (station- to - satellite 
directions). Contributions wcre made to the Wcstcrn European Satellite Triangulation until the 
termination of its observation phase, to tllc International Satcllitc Gcodesy Expcrimcnt (ISA- 
GEX) and to the current Europearl Short Arc Programme. All observations havc been made 
with a Bouwers-Maksutov type camera (f = 120 cm;  ctrective aperture 21 cm). 
T h e  manufacture of a geodetic satellite camcra with refracting optics availal~lc on thc market 
(f = 90 cm f/4) was complctcd. I t  fcaturcs a n  automized platc advancing device and a focal 
planc timing choppcr with punched tape output. Early 1974 the design and construction of 
lascr cquipment for ground bascd artificial satcllitc ranging and illumination for pliotogra- 
phic direction mcasurcmcnt was undertaken. This work is partly contracted out to the Institute 
of Applicd Physics T N O - T H  at Delft. A ranging prccisiorl in the order of 10 to 20 cm is aimed 
at.  T h e  cquipment is expected to IIC operational by the cnd of 1975. 
At thc cnd of 1973 the Working Group movcd to a ncw satcllitc gcodctic obscrvatory at Koot- 
wijk near Apcldoorn. The approximatc geographic coordinatcs of this ncw site arc: 

Latitude - 52" 10' 4.5" 
Longitudc (cast) - 5' 48' 40" 

Thcorctical work was corlccntrated on gcomctric applications of spatial tccllniqucs: stellar 
oricntcd satcllitc photography, lascr ranging to artificial satellitcs, radio Doppler ol~scrvations 
and V1,BI. Extcnsivc computer programming was dcvotcd to preparing spatial gcodctic net- 
work calculations using dirrctiorl and/or rangc observations to satcllitcs. 111 thc resulting 
procedures special attcntio~l is paid to considerations of precision and reliability; statistical 
testing oi' ol~scrvations is thcrcforc included. Thc  basic theories for this trsting originate from 
W. BAARDA and havc hccn furthcr dcvcloped by thc Computing Centrc of thc Dclft Geodetic 
Institute. 
In  a later stage thc spatial network theory and calculations will be focussed on the detection of' 
deformations of the earth's crust. 

2.2 Publications 

SLUITER. P. G. Het gebruik van satellieten voor navigatiedoeleinden. Nederlands Geodetisch Tijdschrift, 1!)71, 
No. 1, pp. 3-1 1 - In Dutch, 9 p,, 8 figs. 

AARDOOM, L. - Over satellietgeodesie. Ruimtevaart, 'S-Gravenhage, No. 3, 1971, pp. 42-46 - In Dutch, 5 p. 
POE.LSTRA, 'I'. J. - Satellietgeodesie in Nederland. Ruimtevaart, 'S-Gravenhage, No. 3, 1971, pp. 47-58 - In Dutch, 

12 p. 
2 4 ~ ~ ~ ~ ~ ~ ,  L. - Geometric accuracy obtainable from sinlultaneous range measurements to satellites. The use of 

artificial satellites for !geodesy. AGU Geophysical hlonograph 15. 1972. Washington D.C., pp. 9-18 - 10 p. 
AARDOOM, L. - Het gebruik van lasers in de satellietgeodesie. Proceedings Synlposium Eigenschappen en Toe- 

passingen van Laserstraling, Delft, 1972, pp. 149-153 - In Dutch, 5 p. 
AARDOOM, L. - On a geodetic application of multiple-station very long baseline interferometry. Netherlands Geo- 

detic Commission. Publications on Geodesy, New Series, Vol. 5, No. 2, Delft, 1972, - 23 p., 10 figs: 
POELSTRA, T. J. - Facilities for satellite geodesy in the Netherlands. h4itteilungen der geodatischen Inst~tute der 

Technischen Hochschule in Graz. Graz 1972, Folge 11-1, pp. 181-207 - 27 p., 21 figs. 



: ~ A R D O O ~ C ,  L. - O n  the concept ofeccentric camcra stations for geometric satellite geodesy. Mitteilungen der 
geodatischen Institute der 'Technischen Hochschule in Graz, Graz 1972, Folge 1 1-2, pp. 153-163 - 1 1 p., 4 figs. 

AARDOOM, L. - Outline of a rnodel for radio-doppler geornetric satellite geodcsy. Meddelande fran Geodetiska 
institutionen vid Uppsala Universitet. Uppsala, 1973: No. 11-24 p. 

MUNCK, J .  C. DE - Geodetische plaatsbepaling in de ruimte. NERG, Leidschendarn, 1973, No. 4, pp. 67-7 1 - In 
Dutch, 5 p., 8 figs. 

AARDOOM, L. - Schernes for global clock synchronization using very long baseline interferometry of stellar sources. 
Delft Progress Report, Series E:  Geosciences, Vol. 1, 1974, No. 1,  pp. 1 1-22 - 12 p., 12 figs. 

.L\ARDOOM, L. - Ruimtelijke geometric met toepassingcn. Delftse Univcrsitaire I'ers, Delft: 1974 - In Dutch, 23 p. 
I'OELSTRA, T. .J. and F. W. ZEEMAN - Delft University equipment for photographic satellite observations. Nether- 

lands Geodetic Commission. Publications on Geodesy, Delft 1974, New Series, Vol. 5, No. 3 - 64 p., 36 figs. 
I'OELSTRA, T. J .  - A new satellite observatory at Kootwijk, Publication of the Netherlands Geodetic Commission, 

lleli't, 1974 - 26 p,,  12 figs. 
POELSTRA, T. .J. - Een nieuwe satellietwaarnemingspost tc Kootwijk. Nederlands Geodetisch 'Tijdschrift, Delft, 

1974, No. 6, pp. 155-162 - In Dutch, 8 p., 5 figs. 



3 GRAVIMETRY 

3.1 The Netherlands 

An accurate gravity connection was made betwecn thc gravity networks of The  Nctherlands 
and Germany. The  measurements wcre carried out hy  the Technological Universities of Han- 
novrr and Dclft. The  gravity baselinc in The  Nctherlands betwcen Amsterdam and Eindhovcn 
was also determined. The  following instruments were used: 

Two La Costc-Romberg gravity meters No. 79 and No. 85 
One Worden gravimeter No. 642 
Onc North American g ra~ imc te r  No. 170. 

Based on thcsc rcsults tlie whole gravity network of Thc  Nctherlands was rccomputed and con- 
nected to thc International Gravity Staridardization Nct 1971. (I.G.S.N. 7 1). T h r  rcsults were 
published by thc Deutschc Geodatische Kommission (Reihe B, Nr. 195). 

3.2 Surinam 

A short report on thc gravity survcy of thc continental shelvc of Surinam and a map of free air  
anomalies wcrc pul~lishcd in 197 1. 

3.3 Publications 

l 'onca, W., G. L. STKANG VAN HEES and H. DKliwas - Vcrhindung dcs Nicderliindischcn Schwerenr~zcs rnit dern 
International Gravity Standardization Net 1971 (1.G.S.N. 71). Dcutsche (;eodiitischc Komrnission, 
Keihe H, Nr. 195, Miinchen, ]!l73 - In German, 16 p,, (5 figs. 

STKANG VAN HFES, G. L. - Gravity measurements on the continental shelf of Surinarn. In :  Scientific Investigations 
on the shelf of Surinarn H.NI.M.S. Luyrncs. Netherlands Hydrographic Ofiicr, Hydrographic Nrwsletter, 
Special publication No. 6, pp. 11-12, The Hague, 1971 - 2 p., 1 fig. 



4 THEORY AND EVALUATION 

4.1 Computing Centre, Geodetic Institute, Delft University of Technology 

Sincc the Moscow A.I.G. Gcncral Assembly much experience was acquired with the planning 
of plane networks (with and without control points), based on the testing thcory published in 
.Statistical Concepts i n  Geodesy and 11 Testin<? Procedure f o r  Use  in Geodetic Netruorks and the precision 
theory developed in S- T r a n ~  formations and CYriterion Matrices.  * 
Research is being carried out on thc interrelation 1)etwccn measures of re l iahi l i4  of networks 
(following Srom the tcsting theory) and measure.r.for precision of nctworks. O f  importance are in 
this conncction the A-q~iantitics invariant with respect to S-transfbrmations as mentioned in : 
"A pcrsonal rcport 011 activities of S.S.G. 1.14 (now 4.14) hioscow, 1971". 
Thc  tcsting ancl prccision thcorics have also bc.cn applied in thr  study of dcforrnation mcasure- 
mcnts in which spccial attention has hccn paid to thc power of tests of nctworks having different 
"Strength of figure". 
Applying the tcsting- and prccision theory to spatial nctworks is presently I~eing studied. 
Dctailcd analyses of gcomctric nctworks using the quatcrnion theory have hccn carriccl out. 
These have rcsultcd in the first formulac for spatial S-transformations. A rcfbrmulation of the 
Stokes-type thcorics in gra\.imctric grodcsy gave a r~cw insight into the conncction bctwccn 
gcomctric and gravimctric mctllods in geodesy. 
A start has bccn made with an extension of the programme lil~rary, i.e. the creation of SCAN-I1 
(Systematic Computer Adjustmcnt of Nctworks, 2nd version) in Fortran. A fundamental app- 
roach - in  which the most important calculation proccsscs arc carried out with dimcnsionlcss 
quantities - enables computation of least-squarcs adjustment and planning of various types of' 
gcomctric nctworks, including the computation of measures fbr rclia1,ility and prccision. 

4.2 Publications 

BAAKDA. W. .l personal rcport on activities in S.S.G. No. 1.14: Sprcilications Sor fundamrntal networks in geo- 
mrtric gcodesy. Report prescntcd at  the 15th X.1 .G.-(;c.nrralAssembly, Moscow. 197 l .  'l'raveaux dr  l'A.I.G. 
tome 24, pp. 51-65, Paris, 1972 - 15 p., 5 figs. 

BAARDA: W. - Criteria for precision ofgcodetic networks. Paper presented at  the 13th F.1.G.-congress, Wiesbadcn, 
1971. Proceedings of the S I I I t h  International Congrrss of Surveyors, pp. 503.1 - 503.8 - 8 pagcs, 4 figs. 

E;I<I]GER~ B. c;. K. and J .  c. P. DE K R ~ J I F  - Systematic computcr adjusttnrnt of networks (SC:AN). I'aprr presented 
at the 13th F.1.G.-congress, Wiesbaden, 1971. Proceedings of the XIII th Intrrnational Congress of Survry- 
ors, pp. 506.1 - 506.8 - 8 pages. 4 figs. 

BAARDA, W. - S-transformations and criterion matrices. Netherlands Geodetic Commission, Publications on Geo- 
desy, New Series, Vol. 5, No. 1, Delft, 1973, - 168 pages, 41 figs. 

MIERLO: J. VAN - Beoordeling van geodctische netten. Nedcrlands Geodetisch Tijdschrift, 1973: No. 6: pp. 107L 
119 - In Dutch, I3 p., 8 figs. 

KRLTIF, J. C. P. DE - Problemen mct kringnettcn. Nederlands Geodetisch 'l'ijdschrift, 1973, No. 10 pp. 20 1-2 11 - 
In Dutch, l l p., 7 figs. 

* Netherlands Geodetic Commission, Publications on Geodesy, New Series: Vol. 2, Nos. 4 and 5 and Vol 5, No. I .  



I\I.BERDA, J. E. - Planning and optimization of networks: some general considerations. Paper. presented at the 
A.I.G. Symposiuin on Computational Methods in Geometric Geodesy, Oxford, September, 1973. Bollet- 
tino di Geodesia e Scienze Affini, 1974, No. 2, pp. 209-240 - 32 p., 12 figs. 

ALBEROA, J. E. - Aspects of largc lcvelling nets. Paper prrsented at the International Sylnposiun~ on Problems 
Kelatcd to thc Redefinition of North-.Znlerican Geodetic Networks, Fredericton, Canada, 1974 - 31 p,. 
6 iigs. 

Ml~<nr.o,,J. VAN - Analyse deformatiernetingcn. Nedeslands Geodrtisch TijdschriSt. 1'374; No. 10, pp. 259-267 - In 
Dutch, 9 11.: 13 figs. 

M~enr.r): J. VAN - Planning gc-odetic networks. Paper prcaented at the 14th F.I.C;.-congress, Washington: I974 - 
9 l'.. 4 fgs. 



5 PHYSICAL INTERPRETATION 

5.1 Recent Movements of the Earth's Crust 

At the rccjucst of thc subcommission Crustal Movcments of the Netlierlands Geodetic Comrnis- 
sion thc precise Icvellings across a number of fjults hetwcen Venlo and Roermond were repcated 
in 1971 (scvcral measurements sincc 1923) and across the saltdomc near Schoonlo in 1972 
(first mcas~rrcmcnt 1967). 

Daily vertical mo\cmcnts of coastal 1,cnchmarks wcrc studicd in terms of thcir relationship to 
tllc tide hy means of'hydrostatir lcvclling at Vccrsc hlccr (1971) and Katwijk aan %cc (1972). 

A total of450 km was lcvcllcd across eight small oil- and gasficlds to cllcck the cKcct ofoil- ancl 
gas csploitation. 

RESULTS L E V E L  CONTROL SURVEYS SUBSIDENCE GRONINGEN 1964 -1972 
The third lcvclling across thc gasficld Giro- 
ningcn was carried out in 1972 (previous 
Icccllings in 196411965 and 196811969). Thc  
network consisted of 1260 hln of lcvclling, 8 1 
circuits, 166 notlal points ant1 246 sections. 
'I'hc stantlard deviation of this lcvclling was 
0.6 mmikm. Sincc the beginning of thc gas 
production in  1965, a surfacc sul,5idcncc of 
2.5 cm was fbund in thc centre of ' thc field, 
sec Fig. 2. In 1973 an additiondl 193 km 
was Ic\cllcd to clicch the l972 rcsults (Notc: 
tllc total of kms lcvclling in tile Groninger 
gasficld is includcd in thc figure given fbr 
second ordcr levelling in section 1.4.1 .) ICM CONTOUR P v r F N o n M  - - 2CM CONTOUR m k r n  
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