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AGRIP (SUMMARY IN ICELANDIC) 

Fyrir tveimur Aratugun var meiri hluti Tslands myndadur 

fir lofti. Army Map Service (sem heitir n6 Defense Mapping 

Agency, Washington, D.C.) h6f gerd korta i mzlikvarda 

1 : 5 0 . 0 0 0  me6 pvi a6 kortleggja Reykjanesskaga, eftir a6 

Landrnalingar fslands hdfdu malt inn myndpunkta par (Mynd 1). 

Eftir langt hl& A kortagerdinni, sem A ad n5 ti1 landsins 

alls, hefur n6 verid hafist handa 6 n$. 

Landmzlingamenn Orkustofnunar hafa vida verid vib malingar, 

badi vegna kortagerdar Orkustofnunar i malikvarda 1:20.000, 

og einnig vid Pyngdarmalingar landinu dllu 5 &runurn 1 9 6 8 -  

73. Bad p6tti s9nt a6 brihyrningapunktar, fastmerki og 

pyngdarmalistabir. (me6 bekktum haedum) , sem Grkustofnun 

hafBi sett og mzlt inn, kamu ad gbbum notum vid myndpunkta- 

malingar, ef hagt vzri ad ganga a6 punktunum visum. 

Samningur milli Landmalinga fslands og Orkustofnunar var pvi 

gerdur 1977 og endurn9jadur 1978. Samkvzmt honum hafa land- 

mzlingamenn Orkustofnunax malt inn myndpunkta vegna korta- 

gerdar i mzlikvarda 1:50.000 i nydri hluta svzbis 2, i svadum 

3 og 4 og i hlutum svada 5 , 6  oy 7 (Mynd 1) . Bessi nfimer 

malisvzda eru i samrami vi6 Aatlun iim myndmalingar, sem 

Defense Mapping Agency hefur gert og lAtid fylgja me6 loft- 

myndunum'sj~lfum. 

~ k 9 r s l a  pessi fjallar um malingar Orkustofnunar i svadum 
. .  . 

2 , 3 , 4  og 5. Hnit og hadir myndpunkta og merktra punkta 

i peim svadum er ad finna i hnitalista (2.2 List of Coordi- 

nates). f samrami vi6 Aatlun urn myndmzlingar, hafa l2singar 

punktum, sem eru hnitalista, verid 

skrifadar og teiknadar aftan 6 loftmyndirna'r, sern notadar 

voru 6ti 5 mdrkinni. Myndirnar me6 19singunum verda af- 

hentar Landmalingurn fslands med sk2rslu pessari. 



0 .  ABSTRACT 

F i e l d  w o r k ,  b y  c o n t r a c t  w i t h  I c e l a n d  G e o d e t i c  

S u r v e y ,  a n d  d a t a  p r o c e s s i n g  a r e  d e s c r i b e d .  L i s t  

o f  c o o r d i n a t e s  w i t h  g r o u n d  c o n t r o l  p o i n t s ,  i d e n t i f i e d  

a n d  d e s c r i b e d  o n  a e r i a l  p h o t o s ,  i s  g i v e n .  

1 .  INTRODUCTION 

Two d e c a d e s  a g o  m o s t  o f  I c e l a n d  w a s  p h o t o g r a p h e d  f r o m  

t h e  a i r  a n d  Army Map S e r v i c e  (now D e f e n s e  M a p p i n g  

A g e n c y ,  W a s h i n g t o n ,  D.C.) s t a r t e d  m a p p i n g  t h e  c o u n t r y  

i n  s c a l e  1 : 5 0 . 0 0 0 .  Maps w e r e  p r e p a r e d  o f  R e y k j a n e s -  

s k a g i  i n  t h e  S o u t h w e s t ,  a f t e r  L a n d m a l i n g a r  f s l a n d s  

( I c e l a n d  G e o d e t i c  S u r v e y )  h a d  e s t a b l i s h e d  g r o u n d  c o n -  

t r o l  i n  t h a t  a r e a  ( F i g . ? ) .  Work n e c e s s a r y  f o r  c o n -  

t i n u a t i o n  o f  t h e  p a p p i n g  h a s  now b e e n  r e s u m e d .  

S u r v e y o r s  o f  t h e  N a t i o n a l  E n e r g y  A u t h o r i t y  (NEA) 

h a v e  been i n  a l l  p a t t s  o f  t h e  c o u n t r y , ,  p a r t l y  i n  

c o n n e c t i o n  w i t h  N E A ' s  own maps  i n  s c a l e  1 : 2 0 , 0 0 0 ,  

a n d  p a r t l y  d u r i n g  t h e  I c e l a n d  G r a v i t y  S u r v e y  i n  

1 9 6 8 - 7 3 .  I t  w a s  r e a l i z e d  t h a t  t r i a n g u l a t i o n  p o i n t s ,  

b e n c h m a r k s  an.d g r a v i t y  s t a t i o n s  ( o f  known e l e v a t i o n d  ' 

e s t a b l i s h e d  b y  NEA s h o u l d  b e  v e r y  u s e f u l  f o r  t h e  w o r k  

a t  h a n d ,  p r o v i d e d  t h e s e  p o i n t s  c o u l d  b e  r e c o v e r e d  

w i t h o u t  d o u b t .  

A c o n t r a c t  b e t w e e n  t h e  I c e l a n d  G e o d e t i c  S u r v e y  a n d  t h e  

N a t i o n a l  E n e r g y  A u t h o r i t y  was t h e r e f o r e  s i g n e d  i n  1 9 7 7  

a n d  r e n e w e d  i n  1 9 7 8 ,  a c c o r d i n g  t o  w h i c h  N E A ' s  s u r -  

v e y o r s  h a v e  now e s t a b l i s h e d  g r o u n d  c o n t r o l  i n  t h e  n o r t h  

h a l f  o f  I n c r e m e n t  2 ,  i n  I n c r e m e n t s  3  a n d  4 ,  a n d  i n  



parts of Increments 5,6 and 7 (Fig. 1 ) .  This iden- 

tification of survey areas (as Increments) agrees with 

a Photogrammetric Plan compiled by the Defense Mapping 

Agency, provided together with the photographs used. 

The present report contains results of field measure- 

ments in Increments 2 (north), 3,4 and 5 (two points). 

Coordinates and elevations of ground control (picture 

points and panelled points) in these areas are given 

in the List of Coordinates, Section 2.2 of this report. 

As specified in the Photogrammetric Plan, descriptions 

of all ground control points listed in the List of 

Coordinates are given on the photographes used during 

the field work. The photographs will be handed over 

to the Iceland Geodetic Survey at the same time as 

this report. 

2. RESULTS 

The results of NEA's field work in Increments 2,3,4 

and 5 consist of coordinates and elevations of ground 

control points as given in the List of Coordinates 

(2.2) and of descriptions of the same points as sketch- 

ed on the aerial photographs used in the field. 

2.1 Coordinate systems 

Iceland 1956 Datum (Hjdrsey Datum) was established 

during the first order triangulation in Iceland 

1955/56. The observed astronomical coordinates of 

triangulation point 99 Hjdrsey were used as geodetic 

coordinates for that point and held fixed during the 



following adjustment. The International spheroid 

was used. 

Lambert's coordinates or rectangular coordinates 

obtained by Lambert's orthomorphic projection of the 

spheroid onto a cone touching the spheroid at 6S0 N 

are in general use in Iceland and have been used in 

all computations. The intersection of the 65O N 

parallel and the 18O W (central) meridian is giv'en 

coordinates (S00000,500000) meters and there the 

y-axis is directed north and the x-axis west. 

UTM-coordinates are used for the final results in 

the List of Coordinates. The Universal Transverse 

Mercator is a world-wide system of projections, each 

covering 6O of longitude wide grid zones (between 80° S 

hnd 8 4 O ~ ) .  Iceland lies in grid zones 26O W, 

2 7 O ~ ,  and 2 8 O ~  and for these three zones a zone 

digit (under Z) in the List of Coordinates is 6,7 

and 8 respectively. The zone digit is the leftmost 

digit in the east-coordinate of a point. 

2.2 List of Coordinates 

A list of caordinates is given on the following eight 

pages. The form of the printed list is identical to 

the format of coordinate cards described in Appendix 

A ,  except that ground control points are given as: 

HVPP horizontal-vertical picture point 

HPP horizontal picture point 

VPP vertical picture point 

followed by the number of the photograph on which 

the point was identified and described. For panelled 



p o i n t s ,  t h e  n u m b e r  o f  t h e  p h o t o  o n  w h i c h  t h e  p o i n t  

was  i d e n t i f i e d  i s  g i v e n ,  

T h e  s o u t h e r n  h a l f  o f  I n c r e m e n t  2 ,  t o g e t h e r  w i t h  

H V P P - 8 5 4 1  i n  I n c r e m e n t  3 ,  w a s  c o n t r o l l e d  b y  t h e  

I c e l a n d  G e o d e t i c  S u r v e y .  A l l  o t h e r  p i c t u r e  p o i n t s  

i n  I n c r e m e n t s  2 a n d  3 ,  a l l  p i c t u r e  p o i n t s  i n  I n c r e -  

m e n t  4 ,  a n d  t w o  p i c t u r e  p o i n t s  i n  I n c r e m e n t  5 ,  a r e  

g i v e n  i n  t h e  L i s t  o f  C o o r d i n a t e s ,  

A l l  p a n e l l e d  p o i n t s ,  t h a t  c o u l d  b e  i d e n t i f i e d  o n  

p h o t o g r a p h s  f r o m  I n c r e m e n t  2 , 3  a n d  4 ,  a r e  g i v e n  i n  

t h e  l i s t ,  T h e s e  p o i n t s  h a d  b e e n  p a n e l l e d  a  s h o r t  

t i m e  b e f o r e  t h e  a e r i a l  p h o t o g r a p h y  b y  t h e  N a t i o n a l  

E n e r g y  A u t h o r i t y .  I n  I n c r e m e n t  5 n o  s u c h  p o i n t s  

c o u l d  b e  i d e n t i f i e d .  



-1. I( 'U 
L II z 
b- II C3 
f ll 3 

2 ' 1  
11 

-0 II 
I I 
tl 
II 

k II 
72 11 

UJ 11 
F 11 
A 11 
a 11 
i3 tl 
G- 11 2 
H 11 

I1 t 4  

z I1 +- - II a. 
II w 

,A I1 cy: 
I- 11 c;l 
;" I1 r,; 

t - 1  I I  L L I  
-7 11 n 
TF I! 

II 
\ i  I1 

rJ' I I  LI - I1 y 
I-- I I  <I 
9 I! <- 

C.4 11 

n 11 
I I 
11 U.1 
11  I-- '' 0 
II , 
I1 
II 
I I 
II r 
Ir > 
II ? I !  
I1 ,J 
11  LL, 
I1 
I I 
II 
II 
I1 
II 1- 
II m 
II -.l 
11 i d  

I I  
I I 
11 1.4 
I: 
i I 
It 

u I' 7' 
li II k- 
t- I I  L x l  
(r II f- 

-; 11 a,' 
* Ii 
,- It 
C* II 
C 11 
--- \ I  t L  
L I1 I2 

I I I  12 
7 II 

I1 - 
I! - 



:'J 11 ~1 I F ) c ~  1-5 dC? -3 tll :a in 4 O LI14-: d * - 4 r f ( v - i  c C I D  r )  0 CQ 3 fi u7 s - 4  30 
117 193 3 0 9 0 9 9 9 3 9 ~ 9 3 ~ 9 . 1 ; 3 4 3 1 ' - 9 . 1 3 ~ 4 r ~ 0 t 3 . ~ ) ~ n ~ ~  P- 

+- II I ~ u ~ v ~ v , c / l w ~ ~ ~ u ~ ~ ) v ~ ~ ) r r ' ~ ~ n ~ ) ~ ~ ~ i ~ i / ~ ~ r l ~ n v ~ ~ ~ c n c n u ~ v ' ~ ~ v , ~ v ~ v ,  r;, 
-- II I r ~ ~ ~ ~ ~ ~ Q . r ? P ; T ( 1 3 C ( ? 3 r ? C ? O T Q 8 - l i T ~ T O ~ 1 - . 1 2 r ? Q f . l l _ _ I r 3 ~ ~  *- 

;3 11 
r 1 1  I , p k ~ r - i n r - d r c , ~ n r -  n m r o . n n c i . p l o -  pcrr,u3mnr-FCPin.4r-~ 
JJ I1 ( ~ ~ ~ F ~ N O C ~ F ~ P ~ I ~ C ~ C - ~ C ~ * ! ~ O ~ ~ C ~ ( Y ~ ~ ~ ' ~ ~ P O W T V ~ J ~ ~ > ~ L , C ~ C  
f 11 I ~ O . P x c ' l ) + - C n J I I " O O ' P . ' 7 3  D m C R m 1 0 n C 1 ) r C - D f ? O C - . 3  Q r ? 3 O O r C - r C . ( V C L  

I 1 'n r\ n ~ ~ n ~ g ~ ~ . l ~ n ~ ~ n ~ h ~ + - ~ ~ i n ~ ~ c ~ n a ~ n . ~ . n r c r - - : , m r ~ - u l r . J  
7 '1 I -4 j -4 
M I 1  1 

11 13 & 
Z I I  I &  V I  7 (A r/) 
r + H  13 6 s  4 *-X C. 

I I  i z  31.3 > s 2 
d 77 7 d iX' 

+ I 1  I 4 ez? 0 < 121 M 

21171 u , I I  M 7 U r  0 0 J fk' A 2 4 
+ = ' I 1 3  1 C? --I LL *& J J + J ~ C Y . L  c;l 
r 3 1 1 b - i  I ~ r u  T ~ - J  u, G J  C )  J C ~ U J  J A -  
~ I I ~ I  ~ L L  ddc? M~ * - mu, J - J - ) J C 7 A  

I I ~  I x + a 7  J L <  u J J L Z . Q J L . L ! L L Z  I F'..L:u 
I I 3 @ ~ ' 7 d t . L  m d t - ~  C- - - , I I y p m  J ' 3 r n - + a r r L l . 7  
f? I I a '  I - G 5 Z  Z ~ L ~ A ~ L Z I Z ~ L  7 % ' - l J ~ r j L U 7 C 3 k L J a > ? t -  
(U II U I 4 ;ILL u; Z -,I-) J - I I U b  J x t l  U- d.J I U- fi i-- (.I. C C 3 

I , 1 2 %  -C)C JKI u?-J ( 3 1 ~ .  Z T Z 0 0 r r r r - 3  d + ! 4 ? c ;  LL 
--J I I L J  I J T - 7  7 f l U J ? + * - c C j U i  U *  < + + U M r ? + Y d k - C = . T b  
4 I  1 7 T %'nLLt L 3 Z  W I L ' i  A ~ U J Z F Y ) W , F  W , L O > V ,  
I I 
U ~ I I  I 
L I I  I - It u"1 I CI: I, t i 

I! 3- 1 I t -  LI 17 IL LL r T  II ('.I C1 j- in T 'P. 7'7 I 1 r l t  :n 
n II n I A T  7 : r . k  2 L : I T Z - ~  ~J,JIL 3 > 3 2 r > c : ~ : : ~  TU.. z - ~ r ' = z ~ . ~ t -  -,r'l.--i 

LL. Jl r* ( 4 I J r  ; C T @ < : I I  u - 0 X I T I I T . T  L -KT 5Ly J-Jri I;-r2 2 - S - f i C r / C I L / < > f l  
YC, II I 
L r l l  I 
c 11 I F- T F P" 'T -& r 

I Z F ‘ = P S . Y ~ - Z ~ > ~ ~  > 5 7 : ~ 2 + - J - + '  z F F  > 3  2 > > F 2  > >  
1 1 1 -  I L - Y C C ~ F P  ' 1 1 3 ~ ~ ~ ~ 3  P C iX1 0' R? fl? rT: !X? [I ! da! Cr TI? 1; 
I I ~ ~ I P ~  ( I  Trl F' rc! PJ 1 7  ( ' " I  rcl r J - 7  r\' "I? 
r r  ;* I 
1 '  I 
11  I 
I r  I 
I! I f ! , . :  f? c r \ h  c- :,L?l:, w d C f  r )  & r ' : r ;~ l  f- -..f-, nf "  r t L r ' r +  G & C ? n  f-3 TI 0. iX7 
I I > I  s . s e e e * ~ r e * a c , e e * * a r e * * s r e o e ~ ~ * c e e  
II U 1 CP in r a cf F ~ F \ I  r Cn. \3 * (;I LC' 9 - 4  0 ' C . l  r4 .-* C " \ t C ' C ,  3 C.j P \L) F- Q? r q  ri 1 ~ 7  
I1 ,J 1 Z ' C I  C J  p- %+ F J V - 8  & CIQ ~ 4 r i  C 3  P- < I T  r- C? C ' C  X CTF 4 CT * P1 C\ C1 rC 
11 LL ) r s l r ?  f*- ~ : r - i r : d  c P.1 ff'q: 01 n' fl1PcJ D r  CJ 4 4 PJ t(C.1 rC) r - 4 - 4  P I r ( ,  1-k 

I! I  
11 I 
1 1  I 
11 I f i p  ( t  n r-R D ; ~ J . ~ . ~ C ~ U C ~ L C ~  .te CT P-(; .T C I . , ~ ~ \ U ~ - ~ ' I C  a\c(.:cr Q P ~ C  OJ 
I[ I e e a r , e e e e * e * * ~ e e r r a s e e e s * e c s e e e e e *  
I I  I-- I LC, r - 2  F $ -1 C ~t f- F(,: ('J b V'CO C[: C (: C? ?? f y  II h 1-4 Q 0 1  P B  LIT r 4  wt Ln CQ r CV 
1 1  I a cr, d r- ,--I in n 4- F * &  0 F-- P- rl -t CF CP ry) r. I;f. ,f 4 II: r- a! Q O + r p d ~ l  I$ 
11 K- br\ F C $ %p a c.1 *'I(? "- ('; ('1 '0 L? 4 (--) (*I 0 Ln ( 2  ix fv ('d r ~ '  F( 

It I ,-:- 6" - , t -W .Q a?{, ..* r * i  -12 < CP f3 - .i9 I_" ( . )  *:n: P-PJ 0 .  r'ir\ .Q (: rC Sb 
1 1  I ,-a P )  ( * 1  , - - I  iq P I  ( . I  p t  4 .d *+ -f- .f .+1 -.+ -t ,. i 'L  * n ~i r. .t. 2 ; 1 ~ i  -+ r%. f 8  

II 1 ~ . ~ . n ~ c i r c n n j ~ u ~ c r , ~ ~  ~ ~ U ~ U ~ K ~ ~ ~ ~ : ~ U ~ ~ ~ ~ ~ ~ - , : ~ L P L ~ L P L ~ ~ U  ~ r ~ ~ ~ ~ n ~ r ~ i r u  
1 )  r ]  ( h r'c F F - h  P-- p,b-. + b b - + . P C b  p - - p - - f - b -  F- h h)* b rC_ P - P - P - + - h P - f h - -  r*_ 

Ir I 
) I  I & - n C  fl F c . r - ~ # ~ . 4 1 u P - f { t A ~ T L A , ~ r ( h J 3 P  r i . O ( . 4 ( \  r - I C  P - U  r P - G C ' O L ' F  
[ I  [ e c o e e * o ~ e e e * ~ * r e * ~ e e s r e e e e e r e e e e e  

if: 11 7 ) (I. f'ki s-4 v1 PT-7 F$ -+ C %  PI I? C*. PI' c, < %+ b %+ <I p. * + r T l  CT\ 3 - (T 0 kfl 

LL 11 t- 1 3 r- LC, - j -  cr, n r r  4- c P- u: 4- c -.( -.$ -I k5 r c l  cr In f i  c-I crl r- ,i -3 .ct- r- fi n: 
I-- 1 1  L 1 (7 C: 1.1 4 C j  C.J 4 F F fil LTt 4 t y s  € 4 \j -3 4 C., C, Ji P 4 C Lq 41 C<l (\[ f-- 
6 1 1  F- 1 P 4 ~ 9 t 3 : T (  P- r PlCT.Cr-MP-LnIrp-.-, & P  W c i C  ~ ~ ' C \ I r ' ~ t l ~ ?  4e.f 0 - 
L, 1 1  2.- 1 m=#c ( l .  4 c ,  cd r - * c  v.1 0 r h  4. .." 3 d 4 Ft v' < (,.-J (-1 F,: L.) + c 
b- 11 ( r4 F ,  F" CI P I  r-1 F, r ~ ' F I  C F - r  r- l  F v-r  P! F* r l  C r.4 P r-4 ~1 F. F C ^ ' r t  r) P r - t  v- t - i  
5 11 1 r- P - F  r - h r  r-F- r - 1 4  r r - r - r - v  P' -F- r - -P-  r - r - r - - r - - r - r - - r - ~ -  p-r r-r-r P 
L L I I  1 
% I1 I C n 
f- II f '  1 4 3 '.P 
L I t  L 1  # 
I  ( I  -' : PI - r- c- ' i?  r *  T C  r' 

> 1 1  - i s  v I" ,PO b C 4 h \C P L !  

I 2 t 3 -  C P-. F I - I  (r C - C' f- C P 
1 -  r 1 L O W - a  F'! rS Li r P r - 1 r  



e * . .  

4 - S 4 - c n  
8 - v  P -0 13 
w f l - 7  = D m m  

i-3 ?- 
-4--t.-d.+ 
h b h k  

. . 
l$ 

4. P 
in 33 
3 . 7 3  
PCP-  





v. F' PC) P-d I-: PI P :  

P - F - r - r - r - F - +  



g m r. 4j- (V N G. 
.+Or-- rr 43-  \PC;'. 
F. + t-4 ,--I CPrl nI CV PJ OJ 
w - 4  ,-3 8-4 d - 4  p-: v -4  4-4 
r l  r l  r-4  C1 4 F' d -3 
a a a  a a a a a .  
C 0 d h h b Q Q  
X > > T > > > I  
a r I 



.j. I\ LU 
H -e7 

k- II a 
7 1 1  0 
U J  II 
r II 
J.2 I1 
8% t l  
U 11 
z 11 

b - 4  11 
II 

z I 1  
H 11 

11 
u3 H 
I--- II 
2 11 2 - 11 ,3 
F) II b-"4 

a I1 r- 
It 6. - II cr 

C II u: 
il. It C) 

II V1 

J II LU 
Ui II 3 
-7' 11 
.cd.f I I 
o ll 
w I1 W 

I1 3- 
CJ 11 4 
U' I1 z' 
y: II 
cr Il 
-3 ll 
Jc If L A  

I! 
I1 c. 
11 7' 
I I 
I I 
I I 
\I e 
II > 
I1 LiJ 
!I -1 
II 1. ' 
I I 
I I 
i I  

I I 
11 k- 
II t.? 
I I a", 

If LU 
I I 
II 
I I  h.: 
I I 
I I 
I I 

:'-: 11 - 
i J  II k 
k II L i  

6 I1 I- 

4 ll 2: 
c ' II 
C I! 
0 Ii 
cf' II 
C- I1 r. 
G \I 121 
I 1 1  r 

:. 11 7- 
I1 L* - I1 - 

cwc Us X \  4 8  % LJ a ( 7 )  Cp 
* . * * * . . . Q * *  

&? .U 4 .;f (-) CY-7 &? I- u ' h  OC I-, P4. 
-4- Wb n F - 4  P 4- ru r- PJ W# 43 
*r3 r-- \ c l  L f l  ln fl\ C*' G-\ -4- PC 
rn %f- cc n.: -.t ,r p t * )  :*I m 
(U r :  r vcI Ck P,. P 0 C-? I- 
4.7 u, \I> 4) J-! .Q <-2 c %c) w 
p-- pr--- r r-. F- .- P- p.- r- p r+- 





3. FIELD WORK 

In Increment 2 a 60 km long traverse was measured 

between triangulation points 2039 OK and 5006 SMS 

in order to locate two new triangulation points, 

and elevations were obtained by trigonometric levell- 

ing over distance ranging from 5.7 to 9.6 km and 

totalling 59 km (Fig.2). The standard error of 

coordinates and the gap in elevations between the 

known endpoints were both within 0.3 meters. 

In Increment 3 triangulation point 5246 SMF is the 

westernmost unknown point in a network extending from 

Increment 4. This point had been established and 

approximatly located during the Gravity Survey in 1968, 

and the new coordinates differ by 4 m from the old 

coordinates. The new and cLd elevations of the point 

differ by 0.1 meter. 

In Increment 4 angular measurements were started in 

a network (including 5246 SMF) after signals had been 

raised in a few, mainly old triangulation points. 

Because of unfavourable weather in 1977 these measure- 

ments were not concluded. In 1978 a few distances 

were measured with Tellurometer. After adjustment 

the standard error in coordinates was found to be 

within 0.3 meters. The triangulation network is shown 

in Fig. 3. 

Ground control measurements were possible without 

further triangulation and traversing due to the large 

number of triangulation points and benchmarks in areas 

where NEA has done extensive surveying. 



Transportation was by helicopter or cars. During 

the Gravity Survey in 1968-72 and since, NEA has used 

helicopter to transport field workers and their 

equipment between stations. The number of field 

workers is kept small, and the field methods are 

suitable for helicopter use (use of Tellurometer, 

simultaneous observation of vertical angles, 

signals light enough to be transported a few at 

a time). Unfortunately neither 1977 nor 1978 

turned out to be a good year for helicopter use. 

4 .  METHODS 

4.1 Triangulation and traversing 

The same field methods, recording of measurements 

and computer programs are used in traversing as in 

triangulation. 

The signals used in triangulation consist of a 2 m 

or 3 m long vertical pole, with four or eight 

horizontal bars (8 mm or 10 mm in diameter) driven 

through bored holes in the wooden pole. From four 

to 24 white or red canvas strips, 20 cm wide and 

80 c m  long, are stretched vertically between the 

iron bars. A 2 meter long signal has four wings 

facing, say north, east, south and west, each wing 

having from one to three canvas strips. On a 3 

meter long signal there are two wings at each of the 

four sides of the signal, a red wing at top and a 

white wing below. Four or eight steel wires and 

perhaps one metric ton of stones are used to fasten 

the pole in a vertical positfon. These signals are 

good for ranges up to 50 km. 



Horizontal angles are observed by the method of 

rounds. Up to seven (six if the instrument site 

is eccentric) distant triangulation points are 

observed in a clockwise order around the horizon, 

and then after turning the tube 180O about the 

horizontal axis, the po&nts are observed in a 

reversed order. The point observed first and last 

in a round is termed the reference mark or point. 

In one network a definite number (.say 8) of rounds 

involving the same points (and the same reference 

mark) constitude one group. It may be necessary to 

observe two or more groups at one station. A main 

group should then have at least two points in common 

with any of the other groups. The theodolites used 

are of type Wild T2 or Wild T3. 

Vertical angles are measured in sets, each consist- 

ing of an observation with the theodolite in the 

face left (FL) attitude, then two observations FR 

and finally one observation FL. In traversing, 

simultaneous observation between two manned stat- 

ions is usual. 

Distance measurements are made with Tellurometer, 

model MRA101. This means that idendical instruments 

are set up at the two ends of the line to be measured. 

One instrument is used as master instrument and 

the other as remote instrument. The observer at 

the master instrument makes two fine readings 

(forward and reverse) at each of 10 (or 20) diff- 

erent frequencies, each fine reading giving the 

distance between the instruments apart from a 

multiple of 10 meters. This multiple of 10 is 

resolved by a set of coarse readings. During this 

time the field worker at the remote instrument 

functions as a switch-board operator. After the 



observations at one station are concluded, the 

instruments and operators interchange their roles, 

and observations are made at the other station. 

The observations at both stations, take 15 to 20 

minutes. Dry and wet bulb temperature (from 

psychrometer) and barometric pressure are read 

and recorded three times at each station. 

Eccentric measurements are not recommended nor are 

they forbidden. In triangulation a signal is al- 

ways raised above the triangulation point itself, 

and during the following calculations the triangul- 

ation point with its signal is the centre of adjust- 

ment. If necessary an instrument site may, however, 

be eccentric. This is true of any type of observation, 

angular observations or measurement of distance in 

triangulation, as well as polar measurements, and 

observations for determination of auxiliary points. 

The eccentric angle is the observed angle between 

the reference point and the centre of adjustment at 

the observation site. Th$ eccentric distance is 

the distance between the instrument (theodolite, 

Tellurometer) and the centre of adjustment at the 

observation site. 

4.2 Polar measurements 

Polar or radial measurements are much used in the 

ground control surveying. One surveyor is transport- 

ed to the "poleN, which (at the time of computation) 

is a point of known location and elevation. A known 

triangulation point, to be used as reference point, 

must be visible from the pole. The pole is often 



s i t u a t e d  a t  a  t r i a n g l a t i o n  p o i n t  w i t h  a  b i g  c a i r n ,  

a n d  t h e  i n s t r u m e n t  s i t e  may t h e n  h a v e  t o  b e  e c -  

c e n t r i c .  A n o t h e r  s u r v e y o r  s e t s  up  h i s  i n s t r u m e n t  

( a t  o r  n e a r  a  g r o u n d  c o n t r o l  p o i n t ) .  T h i s  i n s t r u m e n t  

s i t e  mus t  b e  c e n t r i c ,  a  n o t  t o  s e r i o u s ' o o n d i t i o n ,  

w h i c h  u s u a l l y  r e d u c e s  t o  a  m a t t e r  o f  d e f i n i t i o n  

( t h e  s u r v e y o r  d r i v e s  a  p e g  i n t o  t h e  g r o u n d  u n d e r  

t h e  i n s t r u m e n t ) .  A t  t h e  p o l e f t h e  h o r i z o n t a l  a n g l e  

b e t w e e n  t h e  r e f e r e n c e  p o i n t  a n d  ( u s u a l l y )  a  l i g h t  

s e t  up a t  t h e  o t h e r  i n s t r u m e n t  s i t e  ( u n d e r  t h e  i n s t r u m e n t ) ,  

i s  o b s e r v e d .  The v e r t i c a l  a n g l e s  a t  b o t h  i n s t r u m e n t  

s i t e s  a r e  o b s e r v e d  s i m u l t a n e u s l y  a f t e r  a  l i g h t  

b e a c o n  h a s  b e e n  s e t  up u n d e r  t h e  t h e o d o l i t e  a t  t h e  

p o l e ,  a n d  f i n a l l y  t h e  d i s t a n c e  b e t w e e n  t h e  two i n -  

s t r u m e n t  s i t e s  i s  m e a s u r e d ,  t h e  T e l l u r o m e t e r  r e p l a c -  

i n g  t h e  t h e o d o l i t e s  on t h e  t r i p o d s .  H e i g h t s  o f  

i n s t r u m e n t s  and  l i g h t  b e a c o n s  mus t  b e  r e c o r d e d ,  

a s  w e l l  a s  e c c e n t r i c  a n g l e  a n d  e c c e n t r i c  d i s t a n c e  

a t  t h e  p o l e .  I n  c a s e  o f  e c c e n t r i c i t y  a t  t h e  p o l e ,  

t h e  h e i g h t  o f  i n s t r u m e n t  i s  o b t a i n e d  by u s i n g  t h e  

t h e o d o l i t e  a s  a  l e v e l  i n  b o t h  t h e  F L  a n d  F R  a t t i t u d e s .  

4 . 3  A u x i l i a r y  p o i n t s  

A g r o u n d  c o n t r o l  p o i n t ,  a s  l o c a t e d  by r e f e r e n c e  t o  

a e r i a l  p h o t o g r a p h s ,  i s  n o t  a l w a y s  a  s u i t a b l e  i n s t r u -  

ment  s i t e ,  o r  t o  p u t  t h e  m a t t e r  d i f f e r e n t l y ,  o n e  

o r  more a u x i l i a r y  p o i n t s  s i t u a t e d  a  few t e n s  o f  m e t e r s  

away f r o m  t h e  i n s t r u m e n t  s i t e ,  w i l l  c a l l  f o r  d e t e r -  

m i n a t i o n  o f  l o c a t i o n  and  e l e v a t i o n  by o n e  o f  a  number 

o f  s p e c i a l  m e t h o d s  o r  c o m b i n a t i o n  o f  m e t h o d s .  T h e s e  

m e t h o d s  i n c l u d e  measurement  o f  h o r i z o n t a l  a n g l e ,  o f  

h o r i z o n t a l  d i s t a n c e  by u s e  o f  t a p e  o r  s u b t e n s e  b a r ,  

l e v e l l i n g  a n d  s t a d i a  t a c h e o m e t r y .  



5. COMPUTATIONS 

Nearly all computations are done by computer, and 

input to the computer is on punched cards. The 

types of punched cards and the computer programs 

used will by mentioned here, but further details 

are given in Appendix A. 

5.1 Punched card types 

Coordinate cards with coordinates and el-evations of 

triangulation points and other points are used by 

most of the programs. 

Measurements cards in triangulation may contain either 

observed horizontal angles or observed distances. 

Polar measurement cards each contain results from 

two field books as recorded at the pole and at the 

other endpoint. 

Auxiliary point measurement cards contain the results 

of the simple measurements used for positioning of 

such points. 

5.2 Computer programs 

Program GTRFX is used to compute refractive index 

from the observations of temperature and barometric 

pressure. 

Program GTRIANG is for the adjustment of triangula- 

tion and traverse. Up to 44 points may be adjusted 

in one step. 

Proqram GTPOL is used for computation of coordinates 

and elevations of points positioned by polar measure- 

ments. 



Program GTAUX is used for computation o f  coordinates 

and elevation o f  auxiliary points. 

Program GTUTMI23 is used to transform Larnbert's 

coordinates and to list UTM-coordinates and eleva- 

tions of picture points. 





Fippre 2. Traverse i n  Increment 2 - Traverse - Trigonometric elevations 
Triangulation point 

0 Elevation point 
Underlined p o i n t s  were known. 

Scale of map 1: 250,000 







APPENDIX A 

CAR-D FOIU'MAT AND COMPUTER PROGRAPTS 

Appendix A gives information necessary for understanding 

the following appendices. These contain data to be pre- 

served, but are without interest to the general reader, 

The contents of Appendix A are as follows: 

Coordinate cards 

Exznple of eccentric instrument site 

Horizontal angles in triangulation 

Distances in triangulation 

I? olar measurement card 

Auxiliary point measurement card 

Input to program GTRIANG 

Input to program GTPOL 

Input to program GTAUXIL 



Coordinate cards 

Coordinate cards are used in the processing of triangulation 

and traverse, polar measurements, and positioning of auxiliary 

points. In all cases the same czrd format is used, zlthough 

each computer program uses only part of the information on the 

card, The format of a coordinate card is as follows: 

Colwnns Data 

01-04 Triangulation point number 

06-07 Auxiliary point number 

10, 11, ... Location and elevation (HOP) 

20, 21, ... Location only (HPP) 

30, 31t.e. Zlevation only (VPP) 

North coordinate (m) 

Rest or east coordinate (a) 

Zlevation (m) 

3lank or symbol for coordinate system 

* Lambert 's coordinates 

U UTM-coordinates 

Blank or order of triangulation point 

Note 

B Brass plug 

R Irontube 

H '~Yooden peg 

V Cairn 

Panelled point 

3' Elevation by levelling 

Point name (alphabetic or numeric) 

Description or local name 

Surveying institution 

Year of surveying Qr recomputation 



Exanple o f  e c c e n t r i c  i n s t r u m e n t  s i t e  

3ue t o  a b i g  c a i r n  a t  t r i a n g u l a t i o n  p o i n t  OK ( ~ k ) ,  t h e  instx-u- 

z e n t  s i t e  a t  t h a t  p o i n t  was e c c e n t r i c .  Observa t ion  o f  hor izon-  

t a l  angles were  m d e  t o  t r i a n g u l a t i o n  p o i n t s  KM - ( ~ r o ~ ~ s r n i l i ) ,  A 

1181 ( ~ t d t u r )  and 2014 ( ~ a f r a f e l l ) .  The d i s t a n c e  between t h e  

e c c e n t r i c  s i t e  a t  OK and 1181 w a s  measured w i t h  t h e  Telluro- 

a e t e r ,  t o g e t h e r  w i t h  simu1taneous o b s e r v a t i o n  of  v e r t i c a l  

ang les  a t  t h e  two i n s t r u m e n t  s i t e s .  

AOK ( c a i r n )  

The e c c e n t r i c  a n g l e ,  v ,  i s  measured clockwise  from the  

r e f e r e n c e  p o i n t  t o g e a t h e r  w i t h  t h e  o t h e r  h o r i z o n t a l  ang le s .  

The e c c e n t r i c  d i s t a n c e ,  e ,  i s  measured w i t h  a t a p e .  



Hor izon ta l  ang les  i n  t r i a n g u l a t i o n  

The ins t rument  s i t e  a t  t r i a n g -  

u l a t i o n  p o i n t  OK i s  e c c e n t r i c  

due t o  a b i g  c a i r n  a t  t h a t  po in t .  

R e s u l t s  of t h e  obse rva t ions  of 

h o r i z o n t a l  ang les  a r e  shown i n  

t h i s  schema. A neasurement card 

i s  punched, r ead ing  t h e  scheaa 

l i n e w i s e  from L e f t  t o  right. 

Observat ions a r e  made a t  t r i a n g u l a t i o n  p o i n t  OK. 
The re fe rence  p o i n t  i s  KN. - 
The clockviise angle  from KM t o  1181 i s  1211232CC. 

The clockwise angle  from KM t o  2014 i s  149669lCC. 

The reserved  name 9993 i n d i c a t e s  e c c e n t r i c  inst-rument s i t e ,  

wllen h o r i z o n t a l  ang les  a r e  observed,  and t h a t  t h e  e c c e n t r i c  
ang le  i s  i n  t h e  t h i r d  quadrant .  T h i s  angle  i s  v  = 277.7488. 

The e c c e n t r i c  d i s t a n c e  i s  e  = 3.79 r;z and t h e  a b s o l u t e  va lues  

of e a s i n ( v )  and eocos(v)  a r e  3561 m and 1298 mm r e s p e c t i v e l y .  

; / i t h  t h e  except ion of nega t ive  numbers and t h e  numbers from 

999C t o  9999, any nane of f o u r  l e t t e r s  o r  d i g i t s  may be used 

a s  name of a t r i a n g u l a t i o n  p o i n t .  #hen obse rva t ions  of hor i -  

z o n t a l  ang les  a r e  made a t  a c e n t r i c  ins t rument  s i t e ,  up t o  

seven p o i n t s , i n c l u d i n g  t h e  r e f e r e n c e  p o i n t ,  may be observed. 

If seven p o i n t s  a r e  observed, t h e  name of t h e  seventh p o i n t  

and t h e  corresponding ang le  a r e  w r i t t e n  i n  the  l a s t  l i n e  of 

t h e  schema. This  l i n e  i s  blank i f  l e s s  than  seven p o i n t s  

a r e  observed from a c e n t r i c  s i t e .  

#hen obse rva t ions  of h o r i z o n t a l  a n g l e s  a r e  made a t  an  e c c e n t r i c  

i n s t r u n e n t  s i t e ,  up t o  s i x  p o i n t s  may be observed. The name 

i n  t h e  l a a t  l i n e  i n  t h e  schema i s  then  9991, 9992, 9993, 

o r  9994 f o r  e c c e n t r i c  ang les  i n  t h e  f i rst ,  second, t h i r d ,  o r  
f  o l ~ r t h  quadrant.  



Distances  i n  t r i a n g u l a t i o n  

The ins t rwnen t  s i t e  at t r i a n g u l a -  

t i o n  p o i n t  OK i s  e c c e n t r i c .  

Resu l t s  o f  d i s t a n c e  measurement 

from t h i s  e c c e n t r i c  s i t e  t o  t he  

c e n t r i c  s i t e  a t  t r i a n g u l a t i o n  

p o i n t  1181 a r e  given i n  t h i s  

schema, f r o n  which a measureaent 

card i s  punched. 

Althouij'n obse rva t ions  a r e  aade a t  both endpoints  ( ~ e l l u r o m e t e r ) ,  

w e  cons ide r  - OK t o  be t h e  p o i n t  of obse rva t ions .  T h e  i n s t w e n t  

s i t e  a t  t h e  o t h e r  po in t  must be c e n t r i c .  
The r e f e r e n c e  p o i n t  i s  XM. - 
The measured d i s t a n c e  t o  t r i a n g u l a t i o n  p o i n t  -7 1181 a f t e r  t h e  

c o r r e c t i o n s  a s s o c i a t e d  wi th  i n s t r u n e ~ t  c a n s t a n t  z.nd r e f r a c t i v e  

index have been a p p l i e d ,  i s  1922654 cm. 

The a s s w e d  s tandard  e r r o r  of' t h e  d i s t a n c e  i s  - 83 m. 

The e l e v a t i o n  of the  i n s t m e n t  a t  OK i s  117776 cm. 

The e l e v a t i o n  o f  t h e  i n s t x m e n t  a t  1181 i s  93697 cm. 

The nonzero number i n  t h e  next  l i n e  w i l l -  cause a  cord-to-arc 

c o r r e c t i o n  t o  be app l i ed  t o  t h e  d i s t a n c e .  

The r e se rved  name 9998 i n  t h e  l a s t  l i n e  o f  t h e  s c h e m ,  i s  used 

f o r  d i s t a n c e  measurements a t  e c c e n t r i c  i n s t m e n t  s i t e s ,  when 

t h e  e c c e n t r i c  angle  i s  i n  t h e  t h i r d  (9995 + 3)  quadrant .  

The e c c e n t r i c  angle  (measured clockwise from t h e  r e f e r e n c e  

p o i n t )  i s  v = 2 7 7 . 7 4 ~ ~  and t h e  e c c e n t r i c  d i s t a n c e  i s  3.79 m. 

The a b s o l u t e  va lues  of e - s i n ( v )  and e - c o s ( v )  a r e  $561 m 

and 1293 r e s p e c t i v e l y .  

Nhen d i s t a n c e  i s  measured from a c e n t r i c  i n s t r u n e n t  s i t e ,  t h e  

r e f e r e n c e  p o i n t  name i s  replaced  wi th  t h e  s t a t i o n  name, and 

t h e  Rane i n  t h e  l a s t  l i n e  o f  t h e  schema i s  9995. 



Polar measurement card 

This scheina gives the results of 

polar measurements, when the pole 

is situated at OK, and the point 

to be positioned is 1181. The site 

of instrument is eccentric. 

This data is taken from the DNO 

field books used at OK and 1181. 

'The schena is in one of the books. 

OK is the pole. - 
KM - is the reference point. 
1131 is the name of the point to be positioned. 

The clockwise angle from KM to 1181 is 1211232CC. 

The refsaetice index is 1.000282 

The aeasured distance, with instrument constant added, is 

1922571 em. 

The theodolite height at OK is - 115 cm. 

The theodolite height at 1181 is - 117 cm. 

The light beacon height at 1181 is - 090 cm. 

The light beacon height at OK is - 030 cm. 

The zenith angle observed at OK is 1008800~~. 

The zenith angle observed at 1181 is - 9928r71CC. 
The period (column 69 of the polar measurement card) must -- 
not be oraitted froa the punched card. 

The eccentric angle is 277.748g. 

The eccentric distance is - 379 cm, 

The heights of the instrument and the light beacon at the 

pole are measured from the mark (brass plug) at the pole. 

If the instrument site is centric, the fields for the 

eceen-tric angle and eccentric distance are left blank. 

If the field for the reference point name is left blank, 
the elevation, and not the coordinates, of the point, which 

name i.s given in the third line of the schema, is computed. 



Auxiliary point measurement card 

In this schema, data are given 

for the computation of the two 

auxiliary points 8161/10 and 

8161/20 (or HWP-8161 and HPP- 

8161) positioned from 8151, a 
centric instrwnent site. 

A measurement card of 80 columns 
is punched from this schema. 

Observztions are made from point 5161. 

The reference point is triangulation point FRE?tI. 

The symbols - -10 stand for "auxiliary point 10". 

The following symbol - 0 stands for "measurement of type O f ' ,  

v~hich means horizontal angle. 

The clockwise angle from FREM to -10 is 3190109~~. 

The distance from the instrument site to -10 is 2358 cm. 

The height of -10 above 8161 is - -73 cm (73 cm below 8161)- 
The clockwise angle from PREIiI to -20 is 25r76683CC. 

The distance from the instrwnent site to -20 is 2519 em. 

Types of auxiliary point measurements are as follows: 

Horizontal angle clockwise from reference point ( Cc) 

Horizontal distance from instrument site (cm) 

Angle subtended by 2 m subtense bar (") 
Height of auxiliary point above main point (ca) 
Zenith angle to auxiliary point (") 
Instrument height minus target height ( cm) 

Unreduced distance in stadia tacheometry (cm) 

In case of an eccentric instrument site, the eccentric angle 

is measured clockwise from reference point to main point, 

and eccentric d i s t a n c e  from i n s t m e n t  site to xtain point. 

The last line in the scheLm is w r i t t e n  as decribed i n  the 

case of horizon-tal angles i n  triangulation. 



Input to program GTRIANG 

The input to program GTRIANG (GTRSO-GTRI~) is described below 

for an application restricted to less than 21 known and unkno-m 

points, less than 19 unknown points, and where approximate 

values are known for the coordinates of unknown points. 

The input cards are as follows: 

FFFFGGGG, . . 
999lLiIJ kTKKLLLL., . 
IT(Ieasurement cards with horizontal angles or distances 

9393 
99923D;I NNNN 0000 PPYY Q&QQ Beading ( Col. 41-80) 

I Coordinate cards for knawn (first) and unknown (last) -pints 

A = nxnber of names in list of names, 

3 = 0 for centesimal graduation, B = 1 for sexagesinal grad. 

C = 0 for Lambert's projection, C = 1 for plane coordinates. 

D is nane of a triangulation point (list of names). 

F is triangulation number of point named D. 
R = nmber of unknown points. 

J = number of conputer runs (if corrections are too large). 

K is nane of uknown triangulation point. 

M is number of following approximation cards (assume M = 0). 
N is bound for correction (no more runs, if corrections are less). 

0 is bound for standard error of coordinate (not used). 

P is expected mean standard error in direction ("). 
Q is bound for discrepzncy in resection (not used). 

R = nwnber of known points. 

S = nunber of known or approximately known points (S=T if M = O ) .  

T = number of points in list of coordinates (coordinate cards). 

U = nunber of steps or adjustments (assurne U = 1). 



Input to program GTPOL 

?tleasurenent cards for points to go into list of coordinates 

Zeasurement cards for other points (the last two points 

oaputed are at the end of the list of coordinates). 

A = 0 for centesimal graduation, A = l for sexilgesinal grad. 

B = 0 for lambert's coordinates, B = 1 for plane coordinates. 

C = 0 for punching, C = 1 for not punching results. 

D is constant associated with refraction (use default value). 

Inr>ut to program GTAUXIL 

oordinate cards for known points 

leasurement cards for auxiliary points 

939 (or new first card) 

A = 0 for centesimal graduation, A = 1 for sexagesimal grad. 

B = O for punching, B = 1 for not punching results. 

C is constant associated with refraction (use default value). 





APPENDIX B 

COMPUTER INPUT/OUTPUT FOR INCREMENT 2 

Program GTPOL ( 2 pages )  : 

Tr igonomet r i c  e l e v a t i o n s  between BFOS and S S .  

Approximate c o o r d i n a t e s  f o r  t r i a n g u l a t i o n  p o i n t  1181. 

Program GTRIANG ( 4  pages)  : 

Polygon between OK (2039)  and SMS (5006) .  

Program GTPOL ( 4  pages )  : 

P o l a r  measurements i n  Incre lnent  2. 

Program GTAUXIL ( 3 pages) : 

P i c t u r e  p o i n t s  i n  Increment  2. 
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APPENDIX C 

COMPUTER INPUT/OUTPUT FOR INCREWNT 3 

Program GTPOL (7 pages): 
Polar measurements in Increment 3. 

Program GTAUXIL ( 5  pages) : 
Picture points in Increment 3. 
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APPE NDIX 

Program GTRIANG ( 5  pages ) :  

Triangulation n e t  I i v e r f i s f l j d t  1978 
( 'Triangulat ion i n  Increments 3 and 4 ) .  

P rogram GTPOL ( 5 ? a g e s )  : 

P o l a r  a e a ~ u r e ~ n e n t s  i n  Increment 4. 

Program GTALKIL ( 4  pages)  : 

P i c t u r e  p o i n t s  i n  Increment 4. 
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