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GEODETIC WOKK IN THE NETHERLANDS, 1979-1 982 

1 CONTROL SUKVEYS 

1.1 Primary triangulation 

An invest igat ion was  ca r r i ed  o u t  in to  a possible d isp lacement  of t h e  f i r s t  o rde r  
poinr Middelburg, t h e  tower  of t h e  abbey. The  reasons  for  th is  i r lvesr~gat ion  w e r e  
t h e  inexplicable d i f f e rences  occurr ing  in lower o rae r  measurernents .  Moreover a 
d isp lacement  was  nor unlikely because  t h e  point had been  seriously darnaged 
during t h e  second world-war. 
T o  invesr iga te  this,  a t r i l a t e r a r ion  nerwork including t h e  f i r s r  o r a e r  polnrs around 
Middelburg was  measured  with t h e  Tellurorneter  MRA 4. Togerher  wi th  t h e  
observed directiorls f r o m  tne Belgian-Netherlands connect ion  nerwork frorn 1961 a 
d isp lacement  could be  proved. The  newly computed  coora inares  d i f f e red  - 0.083 m 
and - 0.025 m f rom t h e  old coordinates.  

1.2 The conrlec-clon of Koorwijk and Delft to tne prrrnary rrrar~gulation 
network 

In ear l ie r  years  t n e  sa t e l l i t e  observa tory  Kootwijk was  corlnected t o  t h e  f i r s t  
order  ne twork  (see  t h e  previous r epor t  1975 - 1978). The  connecrion t o  t h e  point  
Veluwe, s i tuared  at a d i s t ance  of only seven kilornerres f rom Kootwijk, could then  
only be  rea l i sed  wi th  t h e  auxil iary s ra t ion  radio-beacon Nieuw Milligen. 
'Thanks t o  t h e  Niedersachsisches Landesvermessungsamt  (FRG,  Hannover),  which 
built  a 40 m high measuring tower  on t h e  point Veluwe, t h e  d i r e c t  connect ion  
ne twork  could be  observed. In th is  way t h e  rel iabi l i ty of t h e  corlrlecting nerwork 
could be  c o n s i d e r a ~ l y  improved. The  d is tances  were  measured  with t h e  
Tel luror r~erer  MRA 4 and t h e  Hewle t t -Packard  3808A, t h e  d i rec t ions  wi th  a 
theodo l i t e  Wild T3. 
The  conr~ec r ion  of Ue l f t  (De l f t  Universi ty of Technology, D e p a r t m e n t  o i  Geodesy) 
was  a lso  improved. T h e  exist lng connect ion  ne twork  was  s t rengrhened by adding 
d is tances ,  measured  with t h e  Tellurorneter  MRA 4. 
The  reason for  car ry ing  o u t  t h e  addit ional  observat ions was  t h e  Nerher lands  
English Doppler Campaign  (NEDOC) in which Kootwijk and U e l f t  w e r e  involved 
toge tne r  wi th  four poinrs of t h e  prirnary triangulation nerwork. 

1.3 Levelling 

1.3.1 Gene ra l  

T h e  Fourrh  P rec i se  Levell ing of t h e  Nether lands  was  completed in 1978. 
Densif icat ion of t h e  f i rs t-order  nerwork by measu remen t s  of second order  w a s  
s ta r red .  



For  f irs t-order l e v e l l ~ r ~ g s  t h e  autornat ic  instrurrleclts Zeibs Ni-l and Ni-2 and J e n a  
Koni 007 wet-e used. 

1.3.3 Daturn of t h e  nerwork 

The  da tum of t h e  n e ~ w o r k  is N o r ~ r ~ a a l  Arnslerddrrls Pei l  (N.A.P.), f ixed by an  
unuet g r o u ~ ~ d  benchmark at Arns~erddm.  

1.3.4 Adjusrrnerit of t h e  network 

Tile a d j u s t n ~ e n t  of t h e  Four th  P rec i se  Level l i r~g of t h e  Nernerlarids has  been 
conlpleted.  
A f r e e  adjus tment  of t h e  nerwork has  t e e n  car r ied  out ,  s t a r t ing  f rom t h e  da tum 
point a t  Amsterdam. Cornparing t h e  new heights  of s t ab le  benchmarks  with t h e  
resul t s  of t h e  Secorid P rec i se  Levelling (measured in 1926-1940), severa l  polrlrs in 
t h e  e a s t e r n  a r ~ d  southern  pa r t  of t h e  country  indica te  a s ignif icant  uplift  of 4-5 
crn. The  new "scierirific" heights, result ing f rom t h e  f r e e  adjus-trnent, will be  used 
fur  sc ient i f ic  purposes only. 
T o  obta in  new heights  for  p rac t i ca l  purposes t h e  rneasurerrlenrs have  been adap ted  
-to t h e  he ights  of s t a b l e  (underground) benchrnarks of t h e  Secorid P rec i se  Levelling. 
I t  is planned t o  study t h e  ver t ica l  nioverrient of t h e  Nernerlands niore thoroughly 
by cornparlrig t h e  resul t s  of a l l  prec ise  levelllngs and using t h e  t e s t ~ r ~ g  procedures  
developed by t h e  Welft Universi ty of Technolugy. 

1.3.5 Junct ions  wi th  contiguous nerwork 

The following j u n c r ~ o n s  have  rjeen n~easured :  

Delfzi j l  
Reide  
Nieuwe Sctlans 
Sellingen 
Coevorden 
D e  H a a r ~ d r ~ k  
Oldenzaal  
Eibergen 
Al ten  

- Knock 
- Knock 
- Bunde 
- Hasseriberg 
- Agterhorn  
- Laar  
- Fre r~sdor fe rhaa r  
- Wennerick 
- Hemden 

1.3.6 Special  rrieasucert~ents 

1981 hydrostat ical ly 
1981 I I  

1978, 1981 
1982 
1982 
1982 
1982 
1982 
1982 

Hydrosra t ic  level l i r~g t o  connect  isolated t ide  gauges in t h e  North S e a  and t h e  
Rhine Esrlsary with t h e  levelilng network on land was  c o n t ~ n u e d .  
A t  t h e  reques t  of t h e  Bundesanstal t  fur  Gewzsserkunde t h r e e  hydros ta t i c  
levellings w e r e  c a r r ~ e d  out  in t h e  Elbe, ( F r e ~ b o r g  - Brokdorf and Twielenf le th  - 
~ u e l s s a r ~ d )  and Weser ( K l e ~ n e s ~ e l  - Dedesdorf) in 1980, as well  as t w o  levellings in 



t h e  Ba l t i c  (one of t h e m  over  a d i s t ance  of 10.8 km) t o  connec t  t h e  light-houses 
Kiel and Kalkgrund wi th  t h e  G e r m a n  levelling net .  

1.4 Geodetic Astronomy 

1.4.1 Def lec t ion  of t h e  ve r t i ca l  

According t o  a resolution of t h e  RETrig subcommission of t h e  In t e rna t i ana l  
Associat ion of Geodesy (I.A.G. Brussels, 1977) as t ronomical  l a t i t ude  and longitude 
w e r e  de t e rmined  in Kootwijk using a Danjou-Astrolabe. The  measu remen t s  w e r e  
ca r r i ed  o u t  by t h e  Deu t sche  Geodat i sche  Forschungsinst i tut ,  Munchen in 1977. 

1.5 Marine-geodetic activities of the Hydrographic Service of the Royal 
Netherlands Navy 

1.5.1 The  Nether lands  

Hydrographic surveys  w e r e  car r ied  o u t  in d e e p  draught  routes  ac ros s  t h e  
Nether lands  pa r t  of t h e  con t inen ta l  shelf of t h e  Nor th  Sea. 
Hor izonta l  cont ro l  during t h e  surveys  was  ca r r i ed  o u t  wi th  a Hi-Fix16 
radiopositioning sys tem.  

1.5.2 Con t inen ta l  Shelf Act iv i t ies  

The  inventory of ava i lab le  t r i l a t e r a t ion  and tr iangulat ion d a t a  and  doppler- 
s a t e l l i t e  d a t a  was  successful ly f inished in Oc tobe r  1980. The  resul t s  w e r e  laid 
down in a l is t  of coordina tes  of a number of explo i ta t ion  p l a t fo rms  on t h e  
cont inenta l  shelf.  

1.5.3 Gene ra l  

The  d a t a  of t h e  inventory  comple t ed  wi th  d a t a  resul t ing f r o m  mining law 
regulat ions a r e  being ga the red  in a spec ia l  d a t a  base ac t ing  as a basis  fo r  
ca r tog raph ic  and checking  purposes. 

1.6 Publications 

1.6.1 Levell ing 

WARLEWIJN, A. - D e  t w e e d e  nauwkeurigheidswaterpassing van Nederland 1926- 
1940. Nether lands  Geode t i c  Commission,  De l f t ,  1979. In Dutch. 

1.6.2 Geode t i c  a s t ronomy 

KANIUTH, K., W. WENDE - Best immung as t ronomischer  Langendi f ferenzen f u r  



das  europaische  Langenne tz  in den Jah ren  1977 bis 1979. Deu t sche  Geodat i sche  
Kommission bei  de r  Bayerischen Akademie der  Wissenschaften. Re ihe  B: 
Angewandte  Geodasie. H e f t  Nr. 250/1980. 

1.6.3 Marine Geodesy 

GEIN, W.A. VAN, R. NICOLAI - Offshore  Positioning on  t h e  Dutch  Con t inen ta l  
Shelf in t h e  Nor th  Sea. Hydrographic Serv ice  of t h e  Royal  Nether lands  Navy, 
The  Hague,  April 1980. 

GRAAF,  M.C. VAN DER - The  checking and improving of t h e  'Noordzeel-network. 
Hydrographic Serv ice  of t h e  Royal  Nether lands  Navy, The  Hague,  Oc tobe r  
1980. 

GEIN, W.A. VAN - Opera t ional  proper t ies  and possibilities of Hi-Fix/6. The  
Hydrographic Journal ,  London, 1982, no. 23, pp. 13-19. 



2 SPACE TECHNIQUES 

2.1 Kootwijk Observatory for Satellite Geodesy 

T h e  Observatory  f o r  S a t e l l i t e  Geodesy at Kootwijk (Gelderland) is a n  in s t i t u t e  
within t h e  D e p a r t m e n t  of Geodesy of t h e  De l f t  Universi ty of Technology. This 
i n s t i t u t e  by t h e  end of 1981 succeeded t h e  f o r m e r  Working Group f o r  Sa t e l l i t e  
Geodesy. 
T h e  Observatory ' s  ac t iv i t i e s  a r e  p a r t  of t h e  sc i en t i f i c  p rog ramme coordina ted  by 
t h e  Nether lands  C o m m i t t e e  f o r  Geophysics and Space  Resea rch  and thus  annually 
repor ted  t o  COSPAR. These  ac t iv i t i e s  cove r  t h e  f ields of: 
1. design, cons t ruc t ion  and development  of s a t e l l i t e  geode t i c  ins t rumenta t ion;  
2. s a t e l l i t e  geode t i c  observat ions;  
3. d a t a  analysis  and ut i l izat ion.  

2. l. I Ins t rumenta t ion  

The  main observing technique  applied was  ground-based laser  ranging. The  ranging 
in s t rumen t  s ince  1976 ope ra t ing  f rom a loca t ion  at t h e  obse rva to ry  identif ied by 
number 7833 was  upgraded t o  b e t t e r  precision and per formance;  i t s  principal  
cha rac t e r i s t i c s  by t h e  end of 1982 were:  

nominal  laser  wave  length: 
e m i t t e d  energy:  
pulse width: 
pulse repe t i t ion  r a t e :  
r ece ive r  ape r tu re :  
single-shot ranging precision: 

In t r i l a t e r a l  coopera t ion  wi th  t h e  Observa tory  fo r  Sa t e l l i t e  Geodesy and wi th  t h e  
Ins t i tu t  fiir Angewandte  Geodas ie  (IfAG) at F rankfu r t  a m  Main (Fede ra l  Republ ic  
of Germany)  t h e  Ins t i t u t e  of Applied Physics TNO-TH (TPD) at De l f t ,  in 1980 
embarked on t h e  design and cons t ruc t ion  of a Modular Transpor table  Lase r  
Ranging Sys t em (MTLRS). This sys t em f e a t u r e s  t h e  following main  
charac ter i s t ics :  

nominal  laser  wave  length: 
e m i t t e d  energy: 
pulse width: 
pulse repe t i t ion  rate:  
r ece ive r  ape r tu re :  
normal  point ranging precision: 

T h e  MTLRS will b e  both road-and air- t ransportable.  
In t h e  cour se  of 1983 o n e  MTLRS will b e  del ivered t o  IfAG and one  t o  t h e  De l f t  
Universi ty of Technology, t h e  l a t t e r  t o  be  ope ra t ed  by t h e  Obse rva to ry  f o r  
Sa t e l l i t e  Geodesy. 



2.1.2 Observa t ions  

Laser  r ange  observa t ions  w e r e  pe r fo rmed  of t h e  fo l lowir~g  sa te l l i t es :  

BEACON EXPLORER C (1 965-32A), and  INTERKOSMOS-22 (1981 -75A) 
STARLETTE (1975-l0A) 
GEOS-3 (1 975-27A) 
LAGEOS (1 976-39A) 

These  observa t ions  w e r e  m a d e  as cont r ibut ions  t o  geosc ien t i f ic  programmes .  
Within t h e  f r a m e w o r k  of such  p rog rammes  t h e  observa tory  took  p a r t  in t w o  
campa igns  of d e d i c a t e d  laser  ranging: a campaign  coord ina ted  by t h e  European  
R a n g e  Observa t ions  t o  Sa t e l l i t e s  (EROS) organiza t ion  (April  l - J u n e  30, 1979) and  
t h e  Shor t  Campa ign  of IAU/IUGG P r o j e c t  MERIT (August l -October  31, 1980). 
Pre-processed  laser  r ange  d a t a  was  f i led by t h e  Kootwijk Obse rva to ry  a n d  m a d e  
ava i l ab l e  t o  o t h e r  s c i en t i f i c  inves t iga tors  on a running basis o r  upon spec i a l  
reques t .  

2.1.3 D a t a  analysis  

In cont inued  f ru i t fu l  co l labora t ion  wi th  t h e  Sec t ion  Orb i t a l  Mechanics  of t h e  D e l f t  
Universi ty 's  D e p a r t m e n t  of Aerospace  Engineering laser  d a t a  analysis  and  r e l a t e d  
inves t iga t ions  w e r e  pe r fo rmed  as cont r ibut ions  t o  t h e  Lageos-and C r u s t a l  
Dynamics  P r o j e c t s  in i t ia ted  by t h e  U.S. Nat iona l  Ae ronau t i c s  a n d  S p a c e  
Adminis t ra t ion  (NASA). In th i s  c o n t e x t  emphas is  was  p laced  on t h e  r ecove ry  of 
i n t e r s t a t i on  d i s t ances  in view of t h e  d e t e c t i o n  and moni tor ing  of ongoing c r u s t a l  
movements .  
In t h i s  regard  t h e  Sec t ion  Orb i t a l  Mechanics focussed on t h e  u t i l i za t ion  of a c t u a l  
d a t a ,  t h e  Kootwijk Obse rva to ry  on t h e  s imulat ion of s t r a t e g i e s  of d a t a  t ak ing  a n d  
analysis.  
Jo in t ly  w i th  t h e  Sec t ion  Orb i t a l  Mechanics,  t h e  Obse rva to ry  for  Sa t e l l i t e  Geodesy  
took p a r t  in p repa ra to ry  s tudies  concern ing  cand ida t e  missions considered by t h e  
European  S p a c e  Agency (ESA) for  geosc ien t i f ic  research.  

2.2 Doppler positioning 

In aid of t h e  S e a s a t  pro jec t ,  t h e  Norsdoc campa ign  (Apri l  18-28, 1979) w a s  
organized  in o rde r  to ob ta in  t h e  he ights  of t h e  gauging s t a t i ons  a long  t h e  Nor th  
Sea  coas t s  i n t o  o n e  r e f e r e n c e  coo rd ina t e  sys t em by m e a n s  of s imu l t aneous  
Doppler  S a t e l l i t e  Posi t ioning Observat ions.  The  Du tch  cont r ibut ion  cons is ted  of 
Doppler  observa t ions  a t  t h e  gauging s t a t i o n  of Pe t t en .  
O n e  observer  wi th  o n e  r ece ive r  rendered  a s s i s t ance  to t h e  2nd Deutsch-  
Oes t e r r e i ch i sche  Doppler Campa ign  (July 17-26, 1979). 
I n s t rumen ta l  a s s i s t ance  w a s  given to t h e  Technica l  Universi ty of Hannover  (Dept.  
of Theor. Geodesy)  for  Mar ine  G e o d e t i c  Resea rch  (September  17-27, 1979); t h e  
Harz-Doppler  Campa ign  (April  14-May 14, 1980); and  t h e  West-East Doppler  
Campa ign  (May 17-27, 1980). 



The  observa t ion  and ca lcula t ion  of 16 Doppler s t a t i ons  in Upper-Volta, per formed 
by t e a m s  of t h e  De l f t  D e p a r t m e n t  of Geodesy, and of t h e  Wageningen D e p a r t m e n t  
of Surveying of t h e  Agr icul tura l  Universi ty with regard  t o  a development  pro'gram 
of t h e  In terna t ional  In s t i t u t e  of Aerial  Surveys (I.T.C.) Enschede. 
These  observa t ions  will b e  used also in t h e  Afr ican  Cont inent  Doppler Observa t ion  
Campaigns  (ADOS). 

Sponsored by t h e  Nether lands  Geode t i c  Commission c.q. t h e  Doppler Sa t e l l i t e  
Posi t ioning Working Group, t h e  Del f t  Depa r tmen t  of Geodesy,  in coopera t ion  wi th  
t h e  D e p a r t m e n t  of Theore t i ca l  Geodesy of t h e  Bonn Universi ty,  organized  t h e  
European Radio In t e r f e rome t ry  and Doppler Campaign  (ERIDOC), fo r  t h e  purpose 
of connect ing  t h e  European Radio  Observator ies  equipped wi th  Very Long Basel ine 
Ins t ruments  (VLBI) in to  t h e  one  coordina te  sys tem by means  of Doppler Sa t e l l i t e  
Positioning. .The Campaign also m a d e  possible t h e  comparison of t h e  various 
geode t i c  a s p e c t s  of VLBI. Simultaneously 18 s t a t ions  have  been  observed and 
adjus ted  ( ~ ~ r i l  7-17, 1981). 
A Netherlands-U.K. Doppler Sa t e l l i t e  Observa t ion  Campaign has  been  conducted  
in coopera t ion  wi th  t h e  Ordnance  Survey of G r e a t  Bri tain (April 22-May 1, 1981). 
T h e  ne twork  cons is ted  of t w o  s t a t ions  on t h e  Bri t ish S-E coas t ;  t w o  British and 
t w o  Dutch  p l a t fo rms  in t h e  North Sea;  and six s t a t ions  being pa r t  of t h e  
Nether lands  1s t  order  t r iangulat ion.  The  purpose of t h e  campaign  was: 
1. t h e  comparison of t h e  Doppler coordina tes  wi th  t h e  coordina tes  of t h e  six 1s t  

order  Dutch  t r iangula t ion  stat ions.  
2. The  prec ise  positioning of t h e  four p la t forms in t h e  North Sea  in r e spec t  of 

both t h e  British and  Du tch  1s t  order  triangulations. 
3. The s t rengthening  of t h e  t i e s  be tween  these  t r iangula t ions  e.g. f ~ r  RETrig. 
4. To s t r eng then  t h e  t rans la t ion  pa rame te r s  wi th  regard  t o  ED50 coordina tes  at 

t h e  Nor th  Sea. 

2.3 Very Long Baseline Interferometry (VLBI) 

T h e  Geode t i c  Comput ing  C e n t r e  of t h e  D e l f t  University of Technology and t h e  
Nether lands  Foundation for  Radio  Astronomy coopera ted  in a r e sea rch  p ro j ec t  on 
t h e  geode t i c  appl ica t ions  of  VLBI. In connection wi th  th i s  pro jec t ,  t h e o r e t i c a l  
s tudies  on t h e  design and post-correlat ion analysis of a geode t i c  VLBI campaign ,  
a r e  descr ibed  in (Brouwer, 1981a, 1981b); t h e  radio observa tory  of Westerbork 
pa r t i c ipa t ed  in t h r e e  geode t i c  VLBI-campaigns of t h e  European Network.  T h e  
second campaign ,  cal led ERIDOC (short  for  European Radio  In t e r f e rome t ry  and  
Doppler Campaign)  consisted of 5 radio  as t ronomy and 18  Doppler obse rva to r i e s  
and was  organized in April 1981 by t h e  D e p a r t m e n t  of Geodesy of t h e  De l f t  
Universi ty of Technology and t h e  Geode t i c  Ins t i tu te  of Bonn University. 
Pre l iminary  resul t s  of t h e s e  measu remen t s  have  been  presented  in (Beyer et al.), 
whereas  t h e  f inal  resu l t s  will b e  communica t ed  at t h e  I.A.G. Gene ra l  Assembly in 
Hamburg. 
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2.4.1 Kootwijk Observa tory  fo r  Sa t e l l i t e  Geodesy 

AARDOOM, L. - Ear th  ro t a t ion  and polar mot ion  f rom laser  ranging t o  t h e  moon 
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624. 

AARDOOM, L. and G. VEIS - European co-operat ion in s a t e l l i t e  laser  ranging. The  
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AARDOOM, L. and F.W. ZEEMAN - The s a t e l l i t e  laser  ranging sys t em at 
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3 GRAVIMETRY 

3.1 Gravity measurements in the Groningen gasfield 

In 1978 a precision gravi ty  ne twork  is measured  consist ing of 22  points  evenly  
d is t r ibuted  over  t h e  area .  The  base-point Gasse l t e  was  outs ide  t h e  a r e a  on a 
geological  s t a b l e  formation.  

Between t h e s e  points 85  gravi ty  d i f f e rences  w e r e  measured  wi th  a precision of 
13 ga l  e a c h  wi th  t h e  L a  Coste-Romberg  g rav ime te r  model  G No. 79, which w a s  
put  t o  our  disposal by t h e  Technological  Universi ty in Hannover. The  ad jus tmen t  
of t h e  ne twork  i s  execu ted  wi th  d i f f e ren t  assumptions of t h e  cor re la t ion  be tween  
t h e  observat ions.  I t  shows t h a t  a corre la t ion  coe f f i c i en t  of = - 0.15 be tween  
success ive  observa t ions  gives t h e  bes t  e s t ima t ion  of t h e  var iance  fac tor .  

The  gravi ty  values of t h e  points a r e  obtained a f t e r  t h e  ad jus tmen t  wi th  a n  
a c c u r a c y  of 6 gal. 

It  is t h e  in tent ion  t o  r emeasu re  t h e  network in 1983 in o rde r  t o  d e t e c t  g rav i ty  
changes  due  t o  t h e  gas-exploitation. The  expec ted  gravi ty  changes  c a n  b e  
co r re l a t ed  wi th  t h e  subs idence  of t h e  s u r f a c e  ( see  sec t ion  5.1.2) and wi th  t h e  mass  
d e c r e a s e  d u e  t o  t h e  g a s  ex t rac t ion .  

The  measu remen t s  and computa t ions  w e r e  execu ted  by t h e  D e p a r t m e n t  of 
Geodesy of t h e  De l f t  Universi ty of Technology. 

3.2 Gravity at sea and satellite altimetry 

In t h e  f r amework  of t h e  SEASAT Users Group of Europe (SURGE) a de ta i led  s tudy  
of t h e  gravi ty  f ield s t r u c t u r e  was  ca r r i ed  o u t  in t h e  North Sea  area .  The  s tudy 
consists  of a n  analysis  of s a t e l l i t e  a l t i m e t e r  d a t a  f rom SEASAT-l and  a 
combinat ion  wi th  d a t a  coming f rom GEOS-3 and a de ta i led  sea g rav ime t ry  survey  
(Rummel ,  S t r ang  van  Hees  and  Versluijs, 1983). The  gravi ty  measu remen t s  cove r  
t h e  Dutch  pa r t  of t h e  Nor th  Sea  in a grid of 20 km profi le  spacing c rea t ing  
approximate ly  300 cross-over points. The  measu remen t  lines w e r e  linked t o  t h e  
IGSN-71 at Den Helder  ('The Netherlands) ,  Ipswich (Grea t  Bri tain)  and Stavanger  
 orwa way). The  measu remen t s  w e r e  per formed wi th  a KSS-5 sys t em 
(Bodenseewerke) mounted  on a stabi l ized p la t form (Anschijtz). Fo r  t h e  navigat ion 
a Hifix-6 sys t em (+ 3 m) was  avai lab le  in t h e  southern  p a r t  and a Pulse-8 sys t em (+ 
30 m) for  t h e  rest .  In t o t a l  10 000 km was  sai led and 30 000 g rav i ty  points  w e r e  
measured.  T h e  ship, H.M. "Buyskes" was  m a d e  avai lab le  for  t h i s  pro jec t  by t h e  
Dutch  Hydrographic Service;  t h e  Shell In terna t ional  Oil Company g a v e  a s s i s t ance  
wi th  an  in t eg ra t ed  compute r  sys tem fo r  navigat ion and d a t a  processing. T h e  
ad jus tmen t  of t h e  gravi ty  measu remen t s ,  using t h e  CO t r o l  t t h e  cross-over 
points,  yielded a s tandard  deviat ion of 1.2 mgal  (10-' ms-') for  t h e  s ingle 
observat ion,  c o m p a r e  (St rang van Hees,  1983). F rom t h e  adjus ted  gravi ty  d a t a  a 
f r e e  a i r  gravi ty  anomaly  m a p  was  compiled,  see Figure  l. 
The  SEASAT-l a l t i m e t e r  d a t a  w e r e  adjusted r e l a t ive  t o  geoid heights  as computed  



f rom t h e  Goddard Ea r th  Model 10. Also in th is  ad jus tment  t h e  cross-over points  of 
t h e  ground t r a c k s  w e r e  used as control .  The  a priori s tandard  devia t ion  of 2.84 m 
of t h e  cross-over points  decreased  t o  abou t  0.10 m a f t e r  t h e  adjus tment .  

GRAVITY SURVEY - NORTH SEA 
FREE AIR ANOMALIES 

Geodet ic  Inst i tu te 
D e l h  Universi ty of Technology 

Nether lands 

Fig. 1 F r e e  a i r  gravi ty  anomaly  m a p  Nor th  S e a  

1 3  



A compar ison  wi th  g rav ime t r i c  geoid GGNS2 of t h e  Universi ty of Hannover gave  a 
m e a n  d i f f e rence  of 0.20 m and a r.m.s d i f f e rence  of 0.46 m, which m a y  b e  
a t t r i b u t e d  t o  ( l )  e r r o r s  in t h e  geoid, (2) e r r o r s  in t h e  adjus ted  s a t e l l i t e  a l t i m e t e r  
d a t a  and (3) unmodelled sea s u r f a c e  topography. F i r s t  s t eps  w e r e  t a k e n  t o  r e l a t e  
both t h e  gravi ty  anomaly  f ield and t h e  sea su r face  t o  t h e  main geological  f e a t u r e s  
in t h i s  a rea .  
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4 THEORY AND EVALUATION 

4.1 Computing Centre, Geodetic Institute, Delft  University of Technology 

The  theo ry  re la t ing  t o  t h e  precision and t h e  rel iabi l i ty of ne tworks  w a s  
extens ive ly  applied t o  t h e  design and evalua t ion  of cont ro l  ne tworks  used in 
pract ice.  A method fo r  t h e  d i r ec t  computa t ion  of t h e  weight  op t imiza t ion  problem 
f o r  s ca l a r  t a r g e t  funct ions  was  developed. In col laborat ion wi th  t h e  main na t ional  
survey serv ices  a pro jec t  was  s t a r t e d ,  aiming at t h e  development  of new p rac t i ca l  
guidelines for  t h e  design, measu remen t  and  computa t ion  of con t ro l  and  d e t a i l  
surveys. Studies a r e  being m a d e  on a p a r t  of t h e  ESA in t e rna t iona l  a s t r o m e t r i c  
pro jec t  HIPPARCOS (High Precision Para l lax  Col lec t ing  Sate l l i te ) ;  t h i s  
cont r ibut ion  r e l a t e s  t o  t h e  d a t a  processing and t h e  t e s t ing  procedures  t o  b e  
applied t o  t h e  vas t  amoun t  of d a t a  t o  b e  col lected.  
Under t h e  supervision of W. BAARDA, t h e  theo ry  of quatern ions  f o r  spa t i a l  
problems was  f u r t h e r  developed in t w o  doc to ra l  theses.  M. MOLENAAR s tudied  
t h e  connect ion  wi th  three-dimensional  S-transformations and c r i t e r ion  m a t r i c e s  in 
t h e  con tex t  of pho tog rammet ry ,  H. QUEE e labora ted  t h e  computa t ion  of spa t i a l  
t e r r e s t r i a l  networks.  The  s t a f f  of t h e  Comput ing  C e n t r e  took t h e  in i t ia t ive  t o  t h e  
publication of a Fes t sch r i f t  fo r  Professor  BAARDA on t h e  occasion of his  65th  
b i r thday in 1982. I t s  t w o  volumes conta in  many cont r ibut ions  f rom fore ign  and  
Dutch  geodes is t s  on a wide r ange  of subjects.  
Computa t ions  f o r  t h e  Unified European Levell ing Network  (LTELN or  REuN) as 
well as for  t h e  th i rd  phase of t h e  European Triangulat ion Network  (RETrig 111) 
w e r e  execu ted  by means  of t h e  SCAN-I1 comput ing  sys tem.  A me thod  f o r  
sequent ia l  data-snooping was  developed fo r  use  with SCAN-11. Improved spa r se  
m a t r i x  techniques  a r e  being implemented .  

4.2 Gravity parameter estimation from large and densly space homogeneous 
data sets 

A gravi ty  p a r a m e t e r  e s t ima t ion  technique  w a s  fu r the r  developed. This technique  
is capab le  of processing arb i t ra r i ly  la rge  and globally (or at l ea s t  local ly)  dense ,  
homogeneous sets of observat ions.  Two r a t h e r  independent  f e a t u r e s  c h a r a c t e r i z e  
t h e  technique:  (1) For  a posed e s t ima t ion  problem a n  in tegra l  fo rmula  wi th  
s tab i l ized  kerne l  is  deduced.  Conceptua l ly  i t  c a n  b e  considered as leas t -squares  
col locat ion wi th  globally continuous d a t a  coverage.  ( 2 )  A numer ica l  i n t eg ra t ion  
based on  d i sc re t e  d a t a  is  applied t o  t h e  integral .  The  required a r e a  weights  
a t t a c h e d  t o  e a c h  observa t ion  c a n  b e  computed  in a unique way  f rom t r i ang le  a r e a s  
obta ined  by spreading  over a l l  observat ion points  a t r iangle  n e t  of minimum s ide  
lengths. The  e r ro r  e s t i m a t e  is  a l so  der ived  f rom t h e  global  limit.  
F i r s t  bu t  s t i l l  p re l iminary  resul t s  w e r e  obta ined  f o r  t h e  computa t ion  of l0  X l 0  
mean  gravi ty  anomal ies  f rom GEOS-3 a l t i m e t r y  d a t a  and  f o r  t h e  geoid 
computa t ion  f rom a l a rge  set of point gravi ty  anomal ies  in a test a r e a  in New 
Mexico. 
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5 PHYSICAL INTERPRETATION 

5.1 Recent movements of t h e  Earth's Crust 

5.1.1 Measu remen t s  

A t  t h e  r eques t  of t h e  Subcommission C r u s t a l  Movements  of t h e  Ne the r l ands  
G e o d e t i c  Commiss ion  p rec i se  level l ings w e r e  ca r r i ed  o u t  ac ros s  s e v e r a l  f a u l t s  in 
Limburg. 
In Enschede  a 28  km level l ing l ine  through t h e  c e n t r e  of t h e  t own  w a s  r e p e a t e d  in 
198  1. 
It  is  doubt fu l  t h a t  t h e  subs idence  of abou t  12 c m  s ince  1936 is  caused  by pumping 
of ground w a t e r  only. 
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Fig. 2 Subsidence Groningen gasf ie lds  1969-1981 
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5.1.2 Leveil ings in t n e  Gronlngen gasfield 

The  cornputat ion of t h e  f i f t h  levelllrlg across  r n e  gasfield,  ca r r i ed  o u t  in 1978, wds 
comple ted .  
The  sixth level l ing was  car r ied  o u t  in 1981 (previous levellings in 1964165, 
1968/69, 1972, 1975, 1978). The  ne twork  consisted of 1460 km of levelilngs, 9 2  
c i rcui t s ,  205 nodal points  and 298 sect ions.  The  s ranaard  d e v ~ a t i o n  of th is  levellillg 
was  1.1 m m /  Jkm. Since  t h e  beginning of t h e  gds producrron in 1965, a s u r I a c e  
subsidence of 15 c m  was found in t h e  c e n t r e  of t h e  field. S e e  fig. 2. 
( P a r t  of t h e  subsiderlce is expec ted  r o  b e  caused  by d r a ~ n a g e  of grourld wdier) .  In 
1978 a g rav i ty  network,  co~ l s l s t i ng  of 21 points,  was  r~~e;l~errt.ci. 

5.1.3 Levell ing in mining a r e a  

A t  t h e  reques t  of t h e  S t a a t s t o e z i c h t  o p  d e  Mijrlen ( t h e  s t a t e  o f f i c e  sup r rv i s~ r ig  a l l  
mining ac t iv i t i e s  in t h e  Nether lands)  t h e  prec ise  l e v e l l ~ r ~ g  in t h e  foirr1t.r coa l -  
d i s t r i c t  of Southern  Limburg was  r epea ted ,  t o  d e l e c r  possible ve r t i ca l  n ~ o v e r r ~ t t ~ l t s  
a f t e r  t h e  terni ir lat ing of t h e  coal-extract ion.  
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