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SURVEY OF INDIA 

TECHNICAL REPORT 
1951 

From 1st April 1950 
To 31st March 1951 

I. INTRODUCTION AND SUMMARY 

I. Annual Reports.-The publication of the two Annual 
Reports of the Survey of Indie namely, the Clleilerel Report and 
the Goodetic Report was suspendod in 1942 for the duration of 
the war. The resumption of publication of these r e~~or t s  was l~latlu 
from the year 1947 in two separate volunles namely :- 

( a ) The General Report. 
( b ) The Technical Report. 

The General Iteport is a brief narrative covoring all work of 
the department and is intended for the inforlnatioll of the Govoni- 
ment of India and non-technical readers. 

The Technical Report whicli has supereeded tho Geodetic 
Report not only deals in detail with tho geodetic and geophysical 
activities of tlze department, but also covers tech~iicalitios of survey 
work, drawing mid map reproduction not included in the scope of 
the Geodetic Report. 

The present report covers the period froni 1st April 1950 t o  
31st March 1951. Future reports will also covor the period of tlio 
fhancial year which begins on 1st April and onds on 3 1st March. 

The Technical Report is arranged as follows :- 

Part I contains Table C giving a, detailed stateinent of areas, 
out-turns and costs rates of surveys. It also contains tecllnical 
notes on topographical and other surveys, descriptions of country 
surveyed, notes as to weather, communications, availability of food 
and on other subjects likely to be of biterest to surveyors. 

Part I I  deals with the technicalities of nlep drawing and 
reproduction and allied matters. 

Part I I I  deals with geodetic and geophysical operatiolls with 
special reference to the technical aspects of the work, and to an 
analysis of the results. This part is published as a separate volume. 

A Supplement to the Technical Report containing solno of the 
information will continue to be prepared in typescript for depart- 
mental use. 



PART I.-TOPOGRAPHICAL AND OTHER SURVEYS 

11. ABSTRACT O F  TOPOGRAPHICAL WORK 

2. I n  issues of the annual Gelleral Report of the Survey 
of India publisheti beforo the Worlcl War 11, the abstract of topo- 
graphical work was explained by three Tables namely, Tables 
A, B and C. 

Table A showed the area of survey conlpletod on various 
scales since 1905 as well as the apl~rosi~nato balance which remained 
to complete the colltoured topographical survey of Indie. 

Table B showed tho survey of the area revised during the 
period under review. 

Table C showed in detail tlle figures for nroas surveyed, out- 
turns and cost ratos of surveys, coml~ilatioll and nia1)ping 1)y the 
various survey parties of the department. 

Tables A and B will coiltinue to be published in the General 
Report. 

Table C is published in this Report. 
In  Table C, although evory encieavour has been made to cal- 

culat. the cost rates accurately, it is extremely difficult to allocate 
overhead charges fairly to the various classes of work. The cost 
rates shown in the Table C must, therefore, be considered to  be 
approximato. The net cost represents the expenditure actually 
incurroc1 on the work plus Party overhead charges, but excludes 
expenditure incurred on nloving the party to the fiold and Depart- 
mental overhead charges. Tlle overall cost is the not cost plus the 
cost incurred on moviilg the party to the field and Departmental 
overhead charges. The information contained in this Table is 
intended to  be useful to those fanliliat with survey organization, 
in estimating costs in subsequent years. 

The cost shown for mapping and computation are those incurred 
in the party, etc., offices only, except where othorwise stated. 
Publication charges, if required, may be ascertained from the 
Director, Map Publication, a t  Dehra Dun. 

Indexes A and C published in the General Report also appear 
a t  the end of the Technical Report. The progress of modern 
topographical surveys ( i.e., since 1905 ) made by the Department 
and of compilations made from our own or other material is illu8- 
trated in Index A .  The surveys in hand, during the period under 
report, in connection with the various irrigation end development 
projects are ~hown in I n d e z  C. 



TABLE C.-Areas, out-turns and cost rates of Surveys, Computations and Mapping 

I I I f i s t   ate mr I I 

Party and description of country 

ail&, covered with fairly denae f o r d  1. Ground verification and con- I I I 
. . [  touring 6.0  1 591.0 1 837-6 1 

I I 

I I I I I I 

2. Plane-tabling . . . . 
3. Air survey . . . . 

Claas of work 
( including a& and V. I. ) 

NO. I Party.- 

Jurnna Hydro-electric Power 
Schemc--Scale 32 inches to I 
mile, contours at 5 feet V.I. 

sq. m. 1 NORTHERN CIRCLE 
Tawa Reservoir-Scale 4 inches i 
to  I mile, contours a t  10 and 
20 feet vertical interval I i 

Area 

962.4 I 471.1 I For publication on 16-inch d a .  
I 
I 1 

Sub-mounlaimue area, covered with fore& 
with a few open pateha 

Scale 4 inches to I mile, contours 1 
a t  20 feet V.I. I i I I 

out-turn I 8q. mile ( or d e  ) 
per man I 

Fair mapping ( on 24-inch scale ) 0.3 

R I E M A B ~  

Simbhar Lake-Scale 2 inches to 
I mile, contours a t  I foot V.I. in 
the bed of the lake and 50 feet 
V.I. elsewhere 

per / I *Overall ! 

Sub-munhinow area, covered with &nee 
fm- 

Around thickly fo~sted  dm-eite. 

1. Plane-tabling . . .. 1 6.5 

2. Fair mapping ( on 6-inch scale ) / 10.0 
I 

1 80% uady b d  area; 20°4 *mi-dueri area 
with oiUngc~ and cullivaiion 

For e x p h t i o n  of ' net ' and ' overdl ' nt8s rsa p g a  2. 

I. Plane-tabling . . . . 1 50.0 1 16.1 / 
I I 

0 - 6  I 81.4 ! 
I 



TABLE C.-Areas, out-turns and cost rates of Surveys, Computations and Mapping 
7 

No. I Party.-Contd. I 

Party and desaription of country 

I sq. m. I sq. m. 
I 1 %. NORTHERN CIRCLE.- 

I I Contd. 

8096 sandy bed area ; 20% deaert area with 
villages and cultivatim 

! I i & s t ~ . t s p e r  I 
Out-turn 1 eq.mile (ormile) Class of work 1 

Partly hilly and partly undulating ground, 
c~vered with forests; cultivated along river 
beds with scattered trees 

( including scale and V. I. ) per month I I 

2. Fair mapping ( on 2-inch scale ) 

i 
REMAEKE 

*Not I *Over& I 

DidwPnaSalt Lake-Scale 8 inches 
to  I mile, contours a t  I foot 
V.I. in the bed of the lake and 
10 feet V.I. elsewhere 

Fair mapping ( on 8-inch scale ) . . 
Gobind S a a r  ( BhZkra Reserooir ) 
-Scale q inches to  I mile, con- 
tours at 20 feet V.I. 

1. Triangulation . . . . 

3. Contour-laying on the ground . . 

175 

9.1 

30 

41.1 

421.6 
linear 
milea 

6.6 

0.62 

12.7 

2.3 

38.5t 
linear 
miles 

42.8 

430.8 

258.0 

660.5 

41.3 
per linear 

mile 

4. Fair mapping ( on 4-inch scale ) 

65.6 

560.0 

316.8 

883.9 

57.3 
per linear 

mile 

I 

Includes compilation of a +-inch 
inset and calculation of capacities 
of the lake. 

D i5cd t  ground. 

t Inclndes mzdlnry levelling. 

i Only a beginning made with the 
( 'Pilot sheet' for the eeriee. 

i 
1 

I I , 
For explanation of ' net' and ' overall ' rates see page 2. 





TABLE C.-Areas, out-turns and cost rates of Surveys, Computations and Mapping 

I I I 
I ! Cost Rate ~ e r  1 

No. I Party.-Contd. 

' Party' and dewription of country 

I sq. m. I sq. n. 
1 
I 

Safdarjang Landing Chart-Scale ' 1 I inch t o  I r i l e  
I I ! 

Class of work 
( including ecale and V. I. ) 

I 75% open and somewhat undulating plain8 I 1. Levelling ( for fixation of reference, 6 .0  1 15.0 
with scattered villages ; 25% built-up area mark ) I linear linear 

miles 1 m i l a  

90% f d area with cultivation ; 10% built- 
up  area 

Area 

Bamhrauli Landing Chart-Scale 
I) inches t o  I mile 

I 

1. Levelling . . . . 

I 

Out-turn 
per man 

per month 

2. Traversing for reference mark . . 

eq. mile ( or knile ) 

I 
+Net 'Overall 

32 

4 - 0  
linear 
miles 

11.0 
linear 
miles 

28-2  

30.0 
Linear 
miles 

47.1 
linear 
miles 

Bamhrauli Approach Chart-Scale 
I inch to  4 miles 

Flat and fairly open plain . . . . Verification ( of ) inch-map ) . . 1 875 514.7 

I 

Rs. 

5 8 . 0  
per linear 

mile 

60.1 

51-7 
per linear 

mile 

19.6 
per linear 

mile 

RE. 1 NORTHERN CIRCLE.- 

I Contd. - 
I 

'76.4 ! 
per linear I 

mile I 
81.1 

71.0 
per linear 

mile 

27 .8  
per linear 

mile 

I I I I I 
For explanation of ' net '  and ' overall ' ratas see page 2. 



TABLE C.-Areas, out-turns and cost rates of Surveys, Computations and Mapping 
I I I I 

I 1 I Cost Rate m r  I 

I - . . .  I / Out-turn I s q .  mile ( or mile ) 

No. I Party.-Concld. 

Party m d  deaoription of oountry 

I NORTHERN CIRCLE.- 
sq. m. ; sq. m. Re. 

Modern Topographical Survey- I Contd 
I - 

Scale z inches t o  I mile, contours 
at 50 feet V.I. I For pblication on 1 - ~ n r h  scola 

I 

LIas3 Of WOTK 
( including scale and V. I. ) Area per man I - I per month 1- 

I 
I 

I +Net 1 *Overall , 

60% open forest, hi& and undulating area ; 1 .  Triangulation 730 101.4 I 7 . 0  9 .5  1 
40% Jattjsh area with cultivation and I 

amfiered vcllogce I 
I 2. Air eurvey ( out-line ) . . I 550 110 2 . 8  3.6  
I I 

I I 3. Detail verification and ground I 

contouring 1 547.4 1 16.8 ( 50.4 67.6  Byeemi-trainedpemonnel. 

No. 3 Party.- 
I 

Ganga Barrage Scheme-Scale 4 
inches t o  I mile, contours at 
I foot V.I. ! 

Traverse 

Cdtivalcd pkim with numerous water chun- 
d, a&red treecr. mango grova and tanks 

I 85.9 33 .2  78 .1  117 ,; 
linc,ir 11nenr , per linear I per llnear , 

I m ~ l , . ~  1 rn~lcs mile , m ~ l r  

i Doi~blo tertiary lrrelling . . , 7 7 . 2  / 43.7 / G 6 . i  100.4 
: linear , linear I per linear per l i~ lc ;~r  , 

milrs n~ilcs 1 milc ) ~n i l r  

I Single tertiary lerelling 
I I 

1 884-7 ( 30.7 1 41.4 62.3 
linenr linear 1 linenr ' ppr linrnr ' 

I I miler , miles I milr mile 
I I I 

Ground verification . . . 400.7 39.0 30.3 45.8 I 
I 

For explenation of ' net ' and ' overall ' rates me page 2. 



1 I 

For explanation of ' net ' and ' overall ' rates see page 2. I 

TABLE C.-Areas, out-turns and cost rates of Surveys, Computations and Mapping 

Party and description of country 

No. 4 Party.- 

! 
i 

I 
Cost Rate per 

CLags of work 
i eq. mile ( or mile ) I 

( including acale and V. I. ) 1 R E M L ~ ~ ~  per month 
1 I 

1 *Net *OveraU i 
I I - 
I I 

sq. m. / sq. m. : Rs. 
i 

1 . NORTHERN CIRCLE.- 
I 

I I C o d .  - 
; Gandak Barrage Scheme-q inch 1 I 
! mapping from air photo mosaics , 
j r i t h  C O ~ ~ O W  at I foot V.I. 

F l d  cullivded plains with numerow water 
chunmh, ecalkred trece, mango groves and 
bnka 

Traverse . . . . . . 269.8 1 31-2 i 29.5 1 42.4 
linear i linear 1 per linear per linear I 
miles miles : mile i mile 

j 1 Secondary levelling . . . .  1 149.7 56.1 ! 53.8 
I 

1 miles I miles mile 
I 

I Doliblo tertiary l e ~ e l l i ~ ~ g  . . 302.4 ' 41.1 36-4 j 51.1 , 
I linear linear per linear ; per linear I 

miles . miles j mile ' mile ! 
I 

Tertiary levelling . . . . ; 5510.7 78.9 ' 8 . 8  1 12.9 1 
linear linear . per 1iuea.r 1 per linear 1 - 

miles miles j mile ' milo 
I 

Photo-marking . . . .  2569.8 316.0 0 . 5  i 0 . 9  

Computations . . . . ,  2569.8 120.6 , 3 . 5  I 
I 

5 . 6  ; 

Ground verification of 1-inch sheets 1930 681.2 1 . 2  : 1 .7  

1 Ground verifica.t.ion of 2-inch photo- i I I 

graphs 1352.5 234.5 / 2.3  , 3.5 
i 



TABLE C.-Areas, out-turns and cost rates of Surveys, Computations and Mapping 

Party and description of country 

I I 
I cost  ate per 

Class of work I Out-turn I eq. mile ( or mile ) 

( including scale and V. I. ) I Area / per man 1 I 
I 

*Net I *Overall 

No. 13 Party.- 

Flat, cuUivatcd and thickly populaled pluina 
interspersed with a d ,  trea  and orcharda 

I I I 
I eq. m. , eq. m. ~r i RE. NORTHERN CIRCLE. 

I I Concld. 
Bh&a Dam Project--Scale q ' - 
inches t o  I mile, contours at 1 I 

I foot V.I. I I 

1 
I 

Triangulation 
1 

. . . . 5.50 223.0 1 34.6 ' 49-3 
I I 

I i Traverse, its cornputatio~is and I I 
, 1922 

I 
3000-acre rectangulation 

I 
' 31.7 , 55.7 / 83.6 i 

100-acre rectangulation . . ' 1490 9 .0  j 111.5 1 159.8 

I I 
Tertiary levelling to 25 acres and , 
its computations 1453 I 11.2 68.5 1 76.6 ' 

I I 
Mapping of contours a t  1 foot V.I. I ! 

) 2044 8.0 1 46.6 on &inch ont-line sheets 60.6 1 
Revision survey-~cale 14 inchcs to 

1 mile. c~ntoirrs nt 50 feet v.1, 1 765 4 8 2  i 33.8 I 49- 1 
I 

I I I 

1 
I I 

i 
I 

I I 
I I I 

For explanation of ' net ' m d  ' overall ' ratm eee prgs 2. 



I I I - 1 -- . -- __ - 

I 

I sq. rn. 1 8q. *. i 138. RS. No. 5 Party.- I I EASTERN CIRCLE 
I 

. TABLE C.-Areas, out-turns and cost rates of Surveys, Computations and Mapping 

I Revision s w e y  ( Departmental, ' 
I Tope.)-I-inch scale with con- : 

tours at 50 feet V.I. 

H-RKS 

i Tea Estates in Assam-16-inch I 
scale without contours 1 

Cost Rate per 
sq. mile ( or mile ) 

Area I per man Peay and desoription of oountry 

60% open c&iv&d plain, 40% covered with 
congested towns on river banks and villages 

70% Tea gardew with open and $at country Traverae . . 
and 30% &nady wooded 1 

I I per 
I *Net I *Overall 

Claw of work 
( including scale and V. I. ) 

Ground verification of detail on I 

photographs 1 6187 65.7 1 13.7 , 21.2 Includes \ ont f~ur i~ lg  011 p l ~ o t o g r . . ~ ~ h ~  

I 

. 1 27 I 14.1 79.7 ' 111.9 
; linear linear / per linear per linear , 
I miles I miks mile , mile 1 

overgrown with tree8 and conlaining numer- 1 I for 50°,, o i  the area. 
ow tanka I Tertiary rapid single levelling . . 4422 ' 148.6 1 

6.6  9.9 
I I I 

1 Ground verification of detail on 9280 4035 1 0.31 I 0.45 / 6-inch air photograph I acre8 
I 

acres i per acre per acre 
I 1 

I 
I 

Dihing Reservoir-+in& ocalt 
with contours at 50 feet V.I. i 

Air surrey of out-line and contours ' 1 Heavily wooded akep h i b  . . I 
I 

including combination 1 2 5 . 0 /  1 . 1  i 280.3 1 364.4 

Fair mapping . . 

For explanation of ' net ' and ' overdl ' r a h  809 page 2. 
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TABLE C.-Areas. out-turns and cost rates of Surveys. Computations and Mapping 

1 I I I Cost Rate ~ e r  
I 
I 

I 
No. g Party.-Concld. I 

Puty end deaoription of oountry 

I I i i 
eq. m. I eq. m. Re. Re. 

/ EASTERN CIRCLE.- 
I I , Contd. 

C h  of work 
( including ecale end V. I. ) 

I 1 

- I G a g a  Barrage project-&inch ! I 
I 

scale with contours at I foot V.I. / I 

I 
I 

Cultivated plain8 with numerow water chon- Out,-line air mrvey . . . . 1 442.6 i 16.7 
i 

16.8  
I 

For work done in recess 1950. 
neb, scattered t re~s ,  niango groves and tun ka I Low out-turn in fair m ~ p p i n p  due 

Area 

I I 
I *Oved 

6.6 43.8 1 to  much time ha.ving bcen #pent 
I on the compilation of ooutoura 

60.3 1 4 . 2  1 kom levelled epot heights. 

1 1 
3 . 0  ! 236.4 438.3 For all work carried out in field 1 eeason 1949-50 m d  recess 1950. 

1 Fair mapping . . . . 

Out-turn 
per man 

per month 

442.6 

aq. mile ( or k i l e  ) I 

i RmABm 

+Net 
I 

I 

i Comput,ations . . . . 442.6 

I Combined project . . . ! 442.6 
I 

I I ! 
1 Upper DBmodar Valley-6-inch 

! 
scale with contours at 10 feet V.I. I 

i 
I 

! 
Undulating open plaine. low mounds and . . I 0 0  198.3 ! 12.9 j 
hills, patches of jungle, large cullivated areas, 
ecatkred trees, and numetow tanka 

I I 
Double tertiary levelling 1 1 1  210.2 64.0 j 51.2 1 

1 linear 1 h e a r  I per linear per linear 
mile ' mile , 

Tertiary levelliug . . . . 1 2324.9 36.6 1 
linear , linear / per linear per linear ! / miles miles mile mile 1 , 

I I i , / 
Ground verificat,inn . . . . ' 752.9 37.7 1 48.8 ; J  

I i I ! i ! I 
For explanation of net ' and overall ' atee eee page 2. 



TABLE C.-Areas, out-turns and cost rates of Surveys, Computations and Mapping 
I 

I Party md description of countrg 

No. XI Party.- 

Jungle covered hills and und?~lnling plains 

25qA open and 7S0, co~tgeated area 

1 Congested arm 

Claaa of work 
( including ecclle and V. I. ) 

( sq. m. 
I-inch departmental sumeys i 
Ground verification md height : 698 
control for %inch eir survey 
compilation 

I.C.A.O. Landing charts on ~ f -  
inch scale 

Traversing 

! 
Cat. Rats per ! 

Out-turn ! aq. mile ( or mile ) 

I + ~ e t  i * 0 v e r a ~  
I I I 

/ 35.9 i 10.6 
linear ) linear I miles I miles 

Levelling ( single and double ter- 
tiary ) 

I milea miles 

1.23.4 / 
r i n  perY:iat 

mile i mile 
I 

mile mile 

7 7 . 3  1 106.6 L o w  out-turn due t.o coligruted 
I t.oam arms at  Patna and Barrack- 

i pore and rainy weather nt Tezpur. 

f-invh veritiration srrrvry ( App- I 168.7 1 2 . 2  1 3 .  I / tHriplit* l b f  Hnzrtrdo onlj. in 770 
roach Charts ) 1 , SQ. m. 

Trnversinq for ljl2,WO Ohrtruction 
Chart 

i I 
135.0 1 

pcr linear ; per linear 

I m- 
I 

rArsrlling for 1/12,000 Ol)qtruotion 1 32.6 ' 47.0  .iJ.fi r .1 .5  i 
( 'hart linear / lincrtr r I per linear , 

mil?. niil .. nlile m~lr- 
I 

For explnnntion of ' net ' and ' overall ' ratm Rec page 2. 



TABLE C.-Areas, out-turns and cost rates of Surveys, Computations and Mapping 
I I I I I 

Party and d ~ r i p t ~ i o n  of country 
Claes of work 

( including acale and V. I. ) j 
i 
I 

No. 11 Party.-Contd. 

Upper Mahsnadi Dam-32-inch I 
scale with contours at 5 feet V.I. i 

Wooded hills and open fic& . . 

Undulating country toilh scallered trees and 
aerub 

Ground verificaticln anrl pround i 1.555 
clontouring on air surrc.yt.rl nut- ( I line I 

I 
Mahkrdi Irrigation ( Hirakud / 

Dam Project ) -4 inch scale with I 
contours at 5 feet V.I. 1 

Out-line air swt-ey and fair map- 1 316: 
ping, in recess 1950 

Combined project . . 

. .  1 316 

Ont-turn 
per man 

per month 

Cost Rate per 
eq. mile ( or mile ) 

*Net 1 * k a u  

aq. m. 

2 . 1  

EASTERN CIRCLE.- 
Contd. 
7 

'I'otal Hretl ( where rigoroue recon- 
noitering and heighting of obstruc- 
tions were done ) was 68- 8 sq. 
miles in addition to 3 6 sq. milea 
of rigoroue plane-tabling on 
1/19,(HHI ~ r a l r .  

110 !1 1 144.2 I :.Ill,. c,clu.ic. 96 -ilurre nvl.s id  1 trwmng frnrn H l n  kuci Reservoir 
I sheet and enlargemenh of one- 
I ~ n c h  sheets, for ~ L ' ~ I O X ~  of 

I .il~erts up tn edgw. 



TABLE C.-Areas, out-turns and cost rates of Surveys, Computations and Mapping 

Put7 and deeoription of country 

I Cnmbi~led project . . . . 1 2100 1 7.4 / 59.0 j 1C19.3 I 
I 

No. I I Party.-4oncld. 

Flat open cultivated area with ecallered trees 
all oaer 

No. r2 Party.- 

Class of work 
( including aaale end V. I. ) 

I i i I I 79 A/z- Revision Survey-2-inch I 
I i i 

i 

Gandak Barrage Scheme-+inch 
scale with contours at I foot V.I. 

Mapping including tracing from 
mosaics after inking detail under 

Area 

~ g .  m. I q. m. 1 h. 
Rs. EASTERN CIRCLE.- 

I 

i i Concld. 
I 

- 
I 

Has undulating ground, with open and I Complete air survey . . . . 
Jowly dense jungle i 

fusion, where mcesearp 
. . 1 %0° 

17.9 I 41.7  5 4 . 2  i 

Cullivakd plains with innumerable hub  and 
Lank. Villugw u a d y  surrounded b y  
treed 

i I Upper M a E n a d i  R-oir-4 ! 
inch scale with contours at 10 I 
feet V.I. i 

R-8 
Out-turn 
per man 

per month 

Out-linc air eurveg . . 

BihPr Mica Belt-I : 25,000 Scale 
with contours at 25 feet V.I. , 

Cost Rate per 
eq. mile ( or mile ) 

O J U U & & J  p o d  toit& opm a d  m d w m  
&MC jungle and cvUivation 

I 23.7 

! 

I 
Complete mir survey . . . . I  33-8 

Upper Mahinadi Dam-32-inch- I i 
scale I I I 

Undulating ground with jairly deme jungle 
. and cuUivaied plairrs 

I I I i i 
For sxphnr t im of ' net ' and ' o m d l  ' rate3 ree page 2. 

I 

Out-lino air survey 
I I 

. ! 5 . 2  1 0 - 2 I l 6 i8 .8  / ?I 82.4  
I I 

i M.R I 
I 

I I I 

Work r.r mostly done by train- 



TABLE C.-Areas, out-turns and cost rates of Surveys, Computations and Mapping 

I Cost Rate uer 
I 

Party and description of country 

HiUy gorge with open scrub . . . . 

1 ! Out-turn 
Class of work 

( including scale and V. I. ) ' I B r a  ; per man 
1 

per month 
I I I 

I - ! R s  ; SOUTHERN CIRCLE 
I 
I 

I 

Leveliing ( double tertiary ) . . 

I 

sq. mile ( or Lile ) 

*Net I *Overall 

contours a t  5 feet V.I. I I 
I 
I 

No. 6 Party.- 

Triangulation and ct-,rnpulutinn . . 

Ground survey . . . . 
110.0 ! 37 .0  30.5 57.5 

y e  1 linear per linear per linear 
miles 1 mile mile 1 

I I sq. rn. q .  m. 

Dharoi Dam Site-gz-inch scale I 

1.7 i 3 . 8  / 1 637.8 1074.6 I 

I 
1 .7  1 0.35 ; 

2164.0 i I I 

I i 1 Pair milpping . . . . 1 1.7  0 .18  I 1958.0 2818.7 : I 

I I i 
Combined projcct . . . . 1 1 . 7  1 If-? 6674.5 1 11612.6 

I I I I I I Dharoi Reservoir--4-inch scale, I I I 

1 ! I contours a t  5 feet V.I. I 
I 

29.1 , 
I 

Dnduidiy country, covered wifh s c r ~ l ~  . . I Triangulation and ao~uputiitiona . . 19 40 I 4 8 - 8  1 1 Height control ( tertiary lureuing ) 1 ' 19 22.4 3 5 - 0  59.7  
I / Photo. verification . . I  39 I I 27.5 9 . 6  15 -6  

I I 
I 

For explanation of ' net ' and ' overall ' rates ~ e e  rw 5. 

I 

/ .Air compilatio~~ and m:tpping . 
I 
I Combined project . . 

39 1 .7  ' 164-7 ' 
I 

173.8 , 

I 
39 1 - 1  ) 328.4 497.8 1 

I I 



TABLE C.-Areas. out - turns  and cost rates of Surveys, Computations and Mapping 

I I 

I 1 Cost Rate per 

Class of work I 1 Out-turn ~ q .  mile ( or mile ) 
Party and description of county 1 (including and V. 1. ) A"a pr man ---- - --- -- - REUKS 

I per month 
*Net +Overall 

No. 6 Party.-Concld. I 
j Airfield Surveys 

RS. SOUTHERN CIRCLE.- 
Contd. 

! Approach chart-+-inch scale, 
contours at 250 feet V.I. I 

Cullivated f i t  open plaim elighUy undulnling Verification surrey . . . . 1270 276.4 2 . 7  4 5  I 
Landing chart - I f -inch scale, con- 
tours at 50 feet V.I. 

OuUivdcd )?at open plain8 slightly unrialnl- Trinng.lilation . . . . ' 31 20.7 
ing 

Tertiary le\.clling . 30 16.1 
I linear 1 linear 

miles I milea 

Complete field work . . . . 31 5 . 9  

Landing chart-2-inch scale, con- 
taure at 50 feet V.I. 

Open $01 p lnin~ . . 

79.0 , 127.4 
per linear per linear 

mile , mile 

Triangl~lntion 29 33 .5  48.5 
1 

Air 4ur\ ~ - j  of rletail 29 31.1 1S.R 

C'om plrl e fi~.ltl work . . . , 29 i . ti I I R . 0  

I 
For explanation of ' net. ' and ' overall ' rntea page 2. 



TABLE C.-Areas, out-turns and cost rates of Surveys, Computations and Mapping 
I I I I I 

No. 8 Party.- 

Party end description of c o u n t r ~  

Open low bilk, 
dense cocoanut 

1 Airfield Surveys 

Class of work 
( including scale and V. I. ) 

I I Landing chart ! I I 

Area 

! 
6.1. m. 

I 
I 

inchding the m.slnl belt o/ Supplementary triangulation . . I ?  
plantations 1 Double tertiary ler~lling . . !  83 

I i linear 
: miles 

I 
an. m. i RE. I RE. i SOUTHERN CIRCLE.- 

I I 

I 
I Contd. - 

I 1 Cornputations 17 

+ ~ ~ t  1 *ovaau , 
I 

Out-turn 
per man 

per month 

40.2 18.1 
linear , per linear 
miles 8 milp 

Cost Rate per I 

sq. mile ( or mile) 1 
i -- I 
I 

1 I 
I 

24.6 i 
per linear ' 

mile I 

/ 14-inch revision ~urvey  . . ' 17 I 5.1 I 11l.i 1 1 5 8 . 8  

Complrtc job i . . 3 6 8 . 1 1  492.1 
I 

1 

i 1-inch verification surx-r.!- . . 

1 Approach chart 

f -inch verification suri ( ? 350 

Open cultivntetl plrctn 3 u ~ t h  hiyh h i l l c  . Verification survey 1 

For explanation of 'net '  and 'overall' rates >ee page 2. 

477.3 I 
i 4 .0  1 





Party and dwoription of oountry 

TABLE C.-Areas, out-turm and cost rates of Surveys, Computations and Mapping 

Claw of work 
( including ecele end V. I. ) 

I I I &st I l r t e p r  
aq. mile ( or mile ) ' 

i Area 

Open grand with 30% built-up area and pal 
grand  with 50% built-up area, covered with 
light wegelation 

Out-turn 
per man 

per month 

j 
eq. m. 1 sq. m. 1 

Triangulation and computation . . 

Double tertiary levelling . . 

RE. Ra. ! SOUTHERN CIRCLE.- 
Concld. 

Landing chart-I : 50, ooo scales, 
contours at 50 feet V.I. 

Traverse and computat,ions . . 

Original ~ u r v e y  . . . . 

I 

17 / 57 
linear linear 
miles , miles 

15 1 46 
linear linear 
miles miles 

I 

1.9 2.9 
per linear per linear 

mile m ile 

24.0 36-4 
per linear per linear 

mile mile 
I 

( Cornhined field work . . 148.2 

25.9 39.3 ' 
per linear per Linear 

mile mile 
I 



111. TECHNICAL NOTES, NORTHERN CIRCLE 

Mr. B. N.Aeha,~ .ro . ,  to 11-6--50. 
I&. C. P. E. 1)avenport ( current dutiea ) from 12-5-60 to 20-6-50. 
Mr. H.  M. Gbitchell, from 2 1 4 4 0 .  

DEPUTY DIRECTOR:-Lt. Col. J.8, Peintnl, Engineera, from 28-11-60. 

3. Summary.-L)uri.t~g the period under report, the following 
eurvey units were under the administrative control of the Director, 
Northern Circle :- 

No. 1 Party. 
No. 2 Party [ No. 20 ( Cantt. ) Detachment up to 2-10-50 

and re-deeignated aa No. 2 Party fro111 
3-10-60 1. 

No. 3 Party ( from 1-12-50 ). 
No. 4 Party ( from 1-12-50 ). 
No. 13 Party. 
No. 2 Drawing Office. 

Brief reports on the various eurvey operations carried out by 
the above mentioned units have been given in the General Report 
1950-51. As the technical aspect of survey work is to be described 
in this report, no reference ia made hem to the activities of parties 
employed on work of a purely routine nature. 

No. x PARTY 

Oficer in chrge :-Mr. P. S. Shinghel, a.r. 

4. General.-Field strength of the party remained principally 
employed on surveys for development projects, sponsored by the 
Central and State Govenlments. A start was, however, also made 
with the prosecution of the normal programme of Departmental 
surveys, including the new responsibility comlected with the pre- 
paration of International Civil Aviation Organization Charts for 
aerodromes. 

5.  Personnel.-The effective average strength of fechnical 
staff of the party was :- 

Gazetted officers . . . .  4 
Other technical personnel . . 39 

6. Summary of Surveys.-Topographical survey lash, done 
by air survey methods were :- 

( a ) 6-inch survey, east of Mahrauli ( h l h i  ), in elmete 
53 H/2, 3, 6 and 7. 

( b ) 4-inch survey of Tawa Reservoir area in sheeta 
65 F/14, 15 and 16 ; and 55 512, 3 and 6. 
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( c ) $-inch survoy of Puniisa Resorvoir area in sheets 
55 B/7, H, 11, 12 and 16 ; 55 C/5, 9 and 13 ; and 
55 F/2, 3 and 6. 

( d ) %inch survoy of aheets 64 El8 and 12. 

Topogl.ap?iical survey tcl.rks, done by ground aurvey methods were :- 
( e ) 4-inch survey for Jumna ( Yeniuna ) Power Scheme 

in shoots 53 F/14 and 15. 
( f ) 4-inch survey of Tawa Dam-sito aroa in sheet 56 F/14. 

( g ) 4-inch survoy of Gobind &gar ( BhBkra Reservoir ) 
area in sheets 53 A/6, 7 and 11. 

( h ) %inch survey of SBnlbhar Lake in sheet 46 N/1. 
Other principal survey tasks were :- 

( i ) I.C.A.O. Specifications surveys for 

( 1 ) Landing Chart of Safdarjttng ( Delhi ) Aero- 
drome in sheots 53 H/2 and 6 ; 

( 2 ) Landing Chart of Bamhrauli ( Allah5bBd ) 
Aerodrome in sheets 63 G / l l  and 15, and 
Approach Chart of the same aerodrome in 
sheet 63 G ; and 

( 3 ) Obstruction Chart of PBlarn ( Delhi ) Aerodrome 
in sheet 53 H/2.  

( j ) Contour-laying on the ground in Gobind Siigar 
( BhBkra Reservoir ) area in sheets 53 A/7, 11, 12, 
15 and 16. 

7. Brief description of surveys, country, etc.-Of the fore- 
going, tasks ( b ) and (f ) involved completing, to mapping stage, the 
4-inch survey-work done for Tawa Reservoir. This is reported in 
detail on page 26 of the Technical Report, Parts I and 11, 1950. 
Rigorous plane-table survey in the vicinity of thickly forested Tawa 
Dam-site was done in order to depict accurately the contours and 
detail over the canyon. 

Task ( e ) was a continuation of the surveys reportod on page 28 
of the Technical Report, Parts I and 11, 1950. The final map of 
the entire area surveyed on the 4-inch scale, and fair &awn on 
6-inch scale for publication on 4-inch; was duly supplied to the 
indentor. The job, as a whole, was very successfully completed by 
newly trained personnel. The Power Scheme, however, is reported 
to have been shelved for the present. 

Task ( h ) again was completion of the 2-inch ground survey 
of SBmbhar Lake, described on page 28 of the Technical Report, 
Parts I and 11, 1950. Contouring in the slushy portion of the lake 
was done a t  the end of June, just before the break of the monsoon ; 
but an area of 3 square miles of deep mud could not be penetrated 
and had to be left uncontoured. 
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Looel enquiries conducted puri p a u  with our field work 
revealed that the natural depth of water in St5mbhar r a k e  nowhem 
excoeds 3 feet. 

( a ) Survey oj' eccst of Muhrauli ( 1)e.lhi ) on tho ti-inch scalu 
with contours a t  6 feet intervals was sponsoretl by the Ministry of' 
Agriculture ttu a preliminary to a detailed ~ t u d y  of an anti-mil- 
erosiorl plan. Extent of' the eree was ehout 6 squere nliles, for 
which 6-inch air photography already exieted. The area wee con- 
trolled by a small scheme of triang~lttt~ion, baaed 011 a chock-base 
and observed azimuth-tho whole beirig tiod 011 to No. 1  party'^ 
adjohilhlg trisngulatioll of the year 1946. Rigol-oub, 6-iilc.11 air survey 
of detail was based on tho control thug provitlod and tlctual g o u ~ u l  
verification and 5-foot coiltouring wore done in the field on a blue 
print of tho outline. 

The area, though fairly open, is 11lostly ullduleting t r i d  intor- 
spersed with ravines. The Clinopole nlutllod was used for contouring 
and heights were kept in t a m s  of tjljirit-lovellllg ; tho ibverege 
monthdy out-turn came to 3.1 square miles per head. 

( c ) Pumi,~u Reservoir 8urvey.-l'~u~Lsa Storage proposals over 
the Nurbada River constitute an intermediate unit of en overall 
multi-purpose development scheme for the Na rbah  Valley, w 
conceived by the Central Waterpower, Irrigatiorl and Navigation 
Conlmission. The area comprising the likely spread of the proposed 
roserroir for which 4-inch maps a t  10 and 20 feet contours are 
required, would exceod 600 square miles. 

Air photography of the area was carried out in 1948. The 
planimetric control for a part of it was taken up during Marc11 and 
April 1950. As a result of this, ground verfication end contouring 
on blue prints of nearly 80 square milea of difficult country were 
completed during field season 1950-51. Normal survey methods 
were employed for doing it. 

Planimetric control, required to cover the balance of the 
reservoir area consisted of about 570 square iniles of supplementary 
triangulation in sheets 56 B and F. Speed of height coiitrol required 
for the ais survey, was adjusted to keep pace with planimetric 
control. At the end of the field season, however, climatic considera- 
tions necessitated an area of 180 square miles being left over for 
completion during the next field season. Technical methods 
employed for this year's survey were identical with those adopted 
during the year 1949-50 for the survey of Tawa Reservoir except 
that the use of Paulin barometers was confined strictly to systematic 
traverses across long stretches of forests. On one particular occasion 
a check height traverse using a battery of 3 Paulin barometers, was 
run over a 3-milo length of theodolite traverse existing along a road 
in sheet 55 C/9, with its reference to a base battery located a t  
Camp headquarters, ( Harsiid ), some 12 milo8 away. Not taking 
into consideration the humidity factor the traverse revealed a t  its 
worst station, an accidentad error of 16 feet which could eaaily be 
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spotted by plotting the performance of each individual baronletor 
on rs graph. This suggosted the continued utility of Padin baro- 
meter as a practical aid to form-lining in wooded areas. 

Supplementary triangulation, executed in the area of work, 
was connected a t  its two ends in sheet 65 B to Survey of India 
network of spirit-levelling and revealed a disorepancy of f 3 feet 
only. Average density for plarlimetrio control came to 3,800 yards 
apart end that for height control 450 yards apart. 

( d ) 2-inch tiurvey initiated originally a t  the request of Com- 
merce and Industries Departnlent of Vindhya Pradesh, entailod 
ground verification and 50-foot contouring on blue prints of %inch 
air survey of the outline and covered completely the area of pre- 
1905 survey in sheets 64 E/H and E/12. Most of tho triangulation 
framework used for survey of both the sheots, lied been carried out 
by Eastern Circle during 1946. Wherevor found to be inadoquate, 
this was supplemented by providing a few points a t  the time of 
survey. 

The work, tau a whole, was done by semi-trained persol~riel 
and Departmental procedure was rigidly followed. The area under 
survey being full of jungle-mostly unhealthy-proved fairly difficult 
for beginners whose average out-turn came to 16.8 square miles a 
month. Communications were poor and there WAS an acute shortage 
of food grains. 

One experienced surveyor, assisted by another 1)artly trained 
surveyor, completed triangulation in 24 one-inch sheets in sheet 64 E. 
The triangulation was based on G.T. base Bhalua H.S.-Berjana H.S. 

( g ) Gobird S6gar ( Bhakm Reservoir ) survey.-Field work on 
this survey on the 4-inch scale in sheet 53 A was continuatioil of 
the pre-March 1950 work, mentioned on page 27 of the Tecllnical 
Report, Parts I and 11, 1950. Plane-table survey was bt~sed on 
existing triangulation, supplemented by fresh triangulation where 
necessary. All the heights were obtainmi by observation of vertical 
angles by theodolite and reading the distances off the 4-inch survey 
plane-table sections, initially used for checking the framework 
graphically 

In  the month of Decenlber 1950, the relativo priority of 4-inch 
survey of the remaining portion of the reservoir had to be lowered 
a t  the instance of the Chief Comruissioner of BilLspur who laid 
particular stress on the survey detachment doing the demarcation 
of 1,700-foot contour first in preference to any topographical work. 
As a result, 4-inch survey could not be resumed before March 1951, 
and was expected to be completed in June 1951. This survey was 
based on triangulation, completed during the autumn of 1950. 

( i ) I.C.A.O. Speci$cations surveys.-Safdarjang ( Delhi ) Aero- 
drome would have its 1 : 250,000 scde Approach Chart compiled 
from the &-inch scale survey material produced by the party during 
1949-50 for the adjoining mradrome a t  Palam ( Delhi ). Survey 
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for the 1 : 60,000 Landing Chart, f&Uillg in sheete 63 H/2 end H/6, 
was complotad on tho blue prints of 1-inch 'Delhi end Locality' 
map. Dotails of aeronautical importance wero carefully eurvoyod 
on a print of tho 3-inch Llolhi Ouido Map end co-ordhlatos of sovorel 
aids to  air navigatioll woro dotorminod, within tho positional eccuracy 
of 1 yard, by making plane-tablo rosoctions on 100 foot to 1 inoh 
scalo maps of the locality. Hazards woro hoigllted by obeorvetion 
of vortical anglos by a thoodolito and tho co-ordinatos and hoight 
of tho Aerodrome Reference Mark were fixod by the normal 
method. 

Bamhruuli ( AlkchGbiid ) Aerodrome.--Surveys were carried out 
in shoot 63 G for the Landing Chart on tho scale of 14 inches to 
1 milo 011 a composite bluo print of tho fair tiraw11 originals of the 
coinponont 1-inch maps, and for tho Approach Chart on the scale 
of f inch t o  1 milo on a published copy of tho dogroe shoot. 

Existing triangulation used for tho basic modorn survey, wee 
found quite adoquato oxcopt tha t  11 linoar miles of theodolite 
travorso had to bo run t o  dobrmino tho co-ordinatos of cortain aids 
to  air navigation within a positiollal accuracy of 1120th of a socond in 
latitudo and longitude. Hazard8 and olovatod pointe, euch ae spire 
of tomple, high troo, otc., were hoightod by reading tho vorti- 
cal angles by a thoodolito and taking the distanco off tho plano-tablo. 
The Aerodrome Reference Mark was fixod by the normal mothod. 

Pilam ( Delhi ) Aerodrome for tho Landing and Approach Charte 
of which roquisito surveys had boon complotod during 1949-50, 
was included for a ro-survoy in connoction with tho preparation of 
an  Obstruction Chart. Rcconnaissanco for tho eurvoy was takon up  
at tho ond of March 1951, and the task, a s  8 wholo, will bo doalt with 
in the noxt year's Tochnical Roport. 

(j ) Contour-laying on the ground in Qobind S@ar ( BMkra 
Reservoir ) area was rosumod from whore i t  had boon loft k t  yoar. 
The Survoyor was roplacod by a Survoy Assistant with ordors to 
pursuo tho 1,700-foot contour which, for purposos of land acquisition, 
is t o  form tho outor poriphory of tho rosorvoir. I n  the month of 
Docombor 1950, in view tho targot dato fixod by the States Ministry 
for studying cortain intor-Stab probloms of rohabilitation and 
cornpoxsation, all available porsonnol of Bhskra Survoy Camp wore 
switchod ovor to  contour-laying. Following the mothod doscribod 
in tho Appondix of tho Tochnical Roport, Parts I and 11, 1950, and 
working on an  avorago 9 hours a day for 274 days in the month, 
tho 422-milo long contour with its 78 linoar milos of doublo tortiary 
levelling was complotod. Avorago monthly out-turn on contour- 
laying, per head, rangod botwoon 28 milos in upper machos of the 
woodod slopes to over 48 milos in opon country. 

Tho accumulated orror in contour-laying after 5 to 10 miles 
distance, depending on the torrain, seldom excooded tho permissible 
maximum of f 2.5 foot. To ensuro the dosirod accuracy adjuet- 
monts wore made a t  places. 
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Contour poslitions were irldioated on the ground by embedding 
stones and erecting cairns within inter-visible dbtanoos of 100 to 
160 yards. 

8. Fair Mapping and Air survey.-In a11 18 sheets, of 
which 4 wero fair drawn in conformity with tho normal mothods 
and tho remaindor co~npilod from %inch and larger scale air surveys, 
were completod for final printing. 

No. 2 PARTY 
Mr. M. D. Nangia, to 18-4-50. 

Omr in churge :- Mr. C. P. E. Davenport, from 174-60 to 2-1060, 
Major D. N. Sharma, Engineem, from 3-10-60. 

For work carried out by this Unit see Supplement to  the 
General Report 195 1. 

No. 3 PARTY 

Mr. J. C. Sikka, B.A., to 28-1-51. Omr in chfge :-{Mr. T. P. C. Alexander. from 21-1-51. 

9. General.-This party was raised on 1-1 1-50 to  take up 
the eurvey operations of a paid-for job, Ganga Barrage Projodt, 
eponsorod by the Government of Wost Bengal and subsequently 
transferrod to the Central Govornment. Prior to the formation of 
this party, the project was originally commenced by No. 9 Party 
( E.C. ). 

Personnel.-The average technical strength of the party whs :- 
Gazottod Officers . .  2 
Other technical porsomel . . 23 

10. Technical Methods.-Maps on 4-inch scale with contours 
a t  1-foot vertical interval, worn roquired of a total aroa of about 
850 square milos in sheot Nos. 72 0 ,  P, 78 C and D, half of which 
had alroady bcea complotod to fair mapping stage by No. 9 Party, 
at the time of tho formation of this party. Aroa thus loft over fop 
this unit was about 430 square milos and work on this wm carried 
out as under :- 

( a ) Phnimetric control.-Control was providod by traverse 
linos using crinolino chains emanating from and clos- 
ing on provious soasons' traverso stations. Tho lattor 
woro based on previous topographical triangulation 
which was ro-obsorved to onsuro sufficient accuracy, 
using indepmdent base ( H.S.B. ) and Azimuth. All 
travorso stations were identified and pricked on sir 
photographs. 

( b ) Height control.-Lines of doublo tertiary lovolling were 
run starting from and closing on procision Bench-marks 
and every 20 to 40 chains a semi-permanont B.M. 
was provided throughout the route, to control the 
tertiary level lines. Lines of tertiary levelling were 
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run, betwoen theee B.Mrr., 30 h i m  sperf, and spot- 
levole a t  10 chine diebncw along the linoe, wore 
identified on the photograrpb. Evory third a p t -  
hvel wlte made into e bonch-mark by wleoting eome 
pormenont or mnii-permnsnt ( like horizonte31y 
blazod roots of big tms ) objecto. In th,e p~eviauu 
field mason, the diste,nc% botwaen the lovel linoa wes 
kopt at 20 chains but due to flat temb, t h b  time it 
waa decidod to incroaso the distsnce to 30 chaise, 
thoroby eRo2ting an appreciable oconomy in costa, 
without much loss of clocuracy. 

( c ) around veri$catim.-Colour tracoe and village lists were 
preparod ooneidoring singlo photos as small plane- 
tablo sections. Thus all information mgardblg clawi- 
fiaation of roads and tracks, tolephono and telogreph 
lines, cultivation petchos, otc., which could not be 
oMainod from photographs by etereosoopy, was enter- 
ed on them colour trams. 

( d ) Compilation.-Detail wee compiled from air photographs 
ushig graphical methode. Contours were a h p l y  
intorpolatod, with the help of spot-lovela, plan posi- 
tions of which woro taken off tho outline originals. 
Photographs wore mado use of only ia a fow =cult 
aroas. All B.Ms., tortiery or secondary woro ontored 
in the body of tho published maps, togothor with a 
list giving hoights, which appearod in the margin. 
Fhial maps woro prhitod mainly in 3 colours, steol 
groy ( dotail ), brawn ( contours ) and yellow ( culti- 
vation ). Bluo wash was givon only in shoots whore 
tho river Ganges appoared irl the body of tho ehoota. 

XI. Accuracy.-Tmvorse . . . . 1 in 8,000. 
Tertiary Levelling . . 0.3 ff. in any line. 

12. Description of Country.-Tho aroa consisted of cultivated 
plains, with numerous water ohannels, scattored troes, mango 
groves and tanks. 

NQ, q PARTY 

13. General.-This party was raised gn Ist November 1950, 
and was erpployed wholly on the 4-inch irrigation survey of the 
priority 11 area qnd the remaining portion of priority 1 area of the 
Uandak Barrago Scheme. The a:ea surveyed during the period 
under report, falls in sheet Nos. 72 A, B, F md G. 

14. Personnel.-The average technical strength of the party 
W@B :- 

Csbaeebed Offl0ezls . .  3 
Other technical personnel . . 36 
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IS. Technical Methods.-Map8 on 4-inch scale with contours 
a t  1-foot vortical interval woro roquirod. Unlike the usud mothod 
of proparin.. lino maps from photographs by rigorous air survoy, 

? outline origmals wo~o proparod by diroct tracing of dotltil from 
controlled photo-mosaics of tho area on 4-inch soale. Spot-lovol 
positions wore also tracod, along with tho dotail and gorlorelizod 
1-foot oontours woro drawn, with the aid of the outlino survoy, the 
8pot-lovels and tho photographs ( in difficult aroas ). Controls, both 
planimetric and hoight, woro provided out as follows :- 

( a ) Pla~~imetric control.-In areas, not covorod by modern 
survoys, thoodolito travorso linos omanating from and 
closing on G.T. statioiu, woro run to provido sufficiont 
numbor of control points for air survey combination. 
Co-ordinatos of principal points thus obtainod, wore 
suppliod to tho Air Survoy Company of India, for 
coutrolling the mosaics. In aroas, whoro ~ilodorn 
survoys oxistod, no control was carriod out and 
instoad, roliable and woll idontifiod &tail points 
seloctod from 1-inch maps woro used. 

( b ) Height control.-Main framework consistod of a second- 
ary lovolling line which was run along tho wostorn 
limit of tho aroa, connoctod to primary bench-marks 
and a lino of prociso lovolliilg which alroady existed 
along tho oastorn limit. I n  botwoon thoso lines, 
double tortiary lovolling linos, 10 to 13 milos apart, 
were run. It was furthor broken down, by linos of 
singlo tortiary lovolling, run approximatoly down the 
direction of go~~oral slopo of tho country, about half a 
milo apart. Somi-pormnnont bonch-marks on oxist- 
ing natural or artificial objocts, wore ostablishcd, 
along thoso linos, a t  approximately half niilo intervals. 
Theso bonch-marks along with all staff positions 
which could bo oasily identified on the air photographs 
wero pricked on tho photos. 

( c ) Ground veri$cation.-In areas of modern rigorous survey, 
rapid vorificatioil of one-inch shoots was carriod out 
for chocking of namos, classification of roads, etc. In 
the rest of the area, it was carried out on %inch 
photographs. 

( d ) Compilation.-Outline and contour originals were pre- 
pared on the lines, statod earlier. Final maps 
were published in black ( detail ) and brown ( con- 
tours ). 

16. Description of Country.-The area consistod of flat culti- 
vated plains, with numerous water channels, scattered trees, mango 
groves and tanks. 
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No. 13 PARTY 

Mr. T. M. C. Alexlrnder, to  15-1-51. " *Y' '-{Major 0. P. Anmd, from 16-161. 

17. General.--The unit coutinued to be employed on eurveys 
in connection with the Bh&kra Dam Project for the Punjab ( I ) 
Government. This project involves construction of a dam a w e s  
the Sutlej river a t  Bhskra, which will not only increme the area 
elready irrigated by the existing canals but will also provide water 
for a new canal sy~tom to be constructed. 

18. Type of Country.--The country surveyed during the year, 
conaists of flat cultivated and thickly populated plains, h~terspreed 
with scrub, trees and orchards, especially 111 the NawBshehr Taheil 
of Jullundur district. In the South-West ( Nakodar Tahsil ) it 
ooneists of soft and sandy plains. Areas around the banks of the 
Sutlej are thiokly wooded and are covered with long gram. 

19. Technical Methods.-The method of survey work hm 
already been fully described in one of the previous reports. 
Rectangulation was done to 100-acre rectangles only, but levelling 
was broken down to 25-acre rectangles. 

20. Accuracy.-Permissible closing errors of the different 
types of work carried out are given below :- 

( a ) Position.- 
( i ) Triangulation . . 1 in 4,000 

Bist Doab Ambids 
Area Area 

( ii ) Traverse ( main circuits) 1 in 2,000 1 in 1,600 
( iii ) Traverse ( sub-circuits ) 1 in 1,000 1 in 800 
( iv ) Rectanguletion . . 1 in 1,000 1 in 800 

( b ) Heights.- 
( i ) Double tertiary levelling circuits :- 

0.05dM feet where M is the length of the circuit 
in miles. 

( ii ) Single tertiary levelling--0.3 feet in 4 miles. 

21. Recess,, Work.-During recess the levelled heights were 
plotted on the 4-inch sheets after bringing them in terms of Mean 
Sea-Level. 1-foot contours were then interpolated for the area 
rectangulated during the field season. 
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DIRECTOR :-Colo~~rl H. 'l'. L. Rogem, M . A .  ( Cantab. ), B.R.I.o.s., M.I.S. ( Ind. ). 

DY. DIRECTOR :-Mr. k1. 3f. Oa~lapathy, B.A.  

22. Summary.-This report deals with the technical work of 
the following parties :- 

No. 5 Party. 
No. 9 Party. 
No. 11 Party. 
No. 12 ( Air Survey ) Party. 

The technical reports of the following Calcutta units are incor- 
porated in Part I1 of t,he General Report which deals with Map 
Publication and Drawing Office work :- 

No. 5 Drawing Office. 
Photo-Litho Ofice. 
Engraving Office. 

During the year under report, for the first time since the war, 
this Circle has taker1 up a programme of departmental l-inch 
original and revision surveys. Our normal role has been too long 
neglected and i t  is to be hoped that, now that departmental surveys 
have been re-commenced, these will continue to have a regular 
place on our programme. I n  addition, surveys for development 
projects such as hydro-electric, irrigation, tea garden and geological 
investigations were continued. 

No. 5 PARTY 

Oficer in charge :-Mr. K .  C. Gosniri, B.A., M.I.S. ( Tnd. ). 

23.. General.-During the field season, the majority of the 
personnel were employed on the field work required for normal 
departmental l-inch revision surveys, from 2-inch vertical air 
photographs, of the Indian territory in Sheets 79 A, 79 B and 79 F 
excluding Calcutta and its suburbs, in West Bengal. 

No fresh extra-departmental jobs were taken up, but the 
following, which had beer carried over from previous years, were 
completed :- 

( i ) Field work in Dessai and Purbuttia and Hunwal tea, 
estates in Assam, in Sheet 83 J ,  for air survey 
compilation of 16-inch outline maps, from enlarge- 
ments of 6-inch vertical air photographs, as required 
by Messrs. Jardine Henderson Limited, Calcutta. 
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( ii ) Air survey and fair mapping on 4-inah ecab for Kopili 
Flood Control Scheme in Sheet 83 B, for the Chief 
Engineer, Public Worke Department, A s m .  

( iii ) Air eurvey and fair mapping on 4.4-inch sca,le for 
Dihgng reservoir in Sheet 82 P, for the Contra1 
Waterpower, Irrigation and Navigation Commkion. 

Technioal prwceduree and indentors'  requirement^ for items 
( i ) and ( ii ) above are given in detail in the Technical Reporb 
of 1048-40 and 1950. 

24. Personnel.-The average strength of technical personnel 
available for the jobs mentioned in the preceding paragraph was 
( i ) for field work, 1 Class I1 Officer, 4 Surveyors, 1 Survoy Assietant 
and 19 Plane-tablers ,and Levellers, several of whom were Topo. 
Trainees Type ' B ' or old hands not versed in air survey work ; ( ii ) 
for air survey and mapping, 2 Clms I1 Officers, 7 Surveyors, 1 
Survey Assistant and about 20 Plane-tablers, Draftsmen, Levellers 
and Topo. Trainees Type ' B '. 

25.  Areas Surveyed.-The party carried out ( i ) 3 15 square 
miles of revision air survey and fair mapping on 4.4-inch and 
4-inch scales for Dih&ng Reservoir and Kopili Flood Coritrol Schelue ; 
( ii ) 6,187 square milee of ground verification of detail or1 2-hlc11 air 
photographs of which 4,422 square miles were levelled and provided 
with about 950 spot heights for one-inch revision survey ; ( iii ) 16 
squares miles of ground verification on 6-inch air photgographs 
and 27 linear miles of theodolite traverse for 16-inch tea estate air 
surveys. 

The out-turn of ground verification for one-inch revision survey 
was about 66 square miles per man per month. This was found 
satisfactory considering that a standard technical method for this 
new type of work had to be evolved as the work progressed, and that 
most of the personnel were either trainees or unfamiliar with air 
photographs. 

26. Technical Methods.-1-inch revision survey wing 2-inch 
vertical air p7mtographs.-The existing surveys were of the period 
1916-22 and did not contain spot heights or contours. The 
country had undergone considerable changes since the previous 
surveys ; river courses had shifted, several bils and marshy areas had 
been reclaimed and cultivated, villages had been extended mtd new 
habitations developed especially due to the influx of refugees from 
Ewt Bengal ( Pkkistiin ) during the post-partition era. This 
nemi t a t ed  covering the area systematiodly in order to fix heights 
a t  important and easily recogl~izable places, to verify uuinter- 
pretable photo details on the ground, to discover and correct 
possible errors in the existing survey and to survey on the ground 
those details which had appeared since the dates of photography. 

To a~hieve theee objectives, the ground work wee divided into 
3 p&, Vi2.- 
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( i ) Ground verifioatio~i of detail on photographs, 
( ii ) Fixation of spot heights by tertiary rapid levolling, 

and ( iii ) Contouring. 

For ( i ), the existing I-inch maps were examined against air 
photographs by ground verifiers. Where the extent and shape of 
villagea and/or other detail shown oir the existing 1-inch maps 
agreed generally with those on tho photographs and/or where 
obvious detail could be identitied and interproted on photographe 
without doubt, no verification was consitleretl necessary. Vegeta- 
tion on the existing maps was foulid ilkcorrect and had to be coniplete- 
ly resurveyed on the ground. Also, the entire area was carefully 
examined for itemv of detail that had appeared since the date of 
photography. Classification of all communications, new names and 
correction of erroneous ones, relative heiglits and surveyed trees 
were also picked up on the ground and recorded on photographs in 
the field as usual. 

For ( ii ) and ( iii ), the country being Hat and affording limited 
visibility, heights were provided by levelling. Spot heights- 
4 to 7 per 5-minute square-were fixed by running criss-cross rapid 
lines of tertiary single levelling based on existing bench-marks in 
the area. Approximate belts containing each 50-foot contour 
were located from these spot heights, additional heights being 
provided where necessary. The contour was then surveyed on the 
photographs from these spot heights by taking clinometer readings 
to  signals fixed a t  the height of the plane-table, and their positions 
pricked on the photographs. 

The procedure as outlined above i n  still in the experimental 
stage. With a view to determining the relative costs, advantages 
and disadvantages, if air survey revision precedes ground work, 
one 1-inch Sheet 79 A/2 was revised by No. 12 Party ( 5 Party 
personnel being all out in the field ) on 2-inch film positives ( Koda- 
lines ) from the air photographs a t  the same scale. This preliminary 
revision showed many items of detail which could not be interpreted 
with certainty. Their further verification on the ground was 
necessary, as was also the collection of other information not evail- 
able on photographs. With this procedure i t  was found that the 
ground verifier had to cover the whole area in detail for depiction of 
vegetation, colleotion of names, information regarding communi- 
cations, relative heights, verification of doubtful detail and for 
weeding out those items of photo revised detail which were consider- 
ed, on visiting the ground, to be superflous for 1-inch maps. Accord- 
ingly no appreciable saving in time was discerned, and this method 
is probably more costly. 

It is, however, evident that revision survey from air photo- 
graphs has a distinct advantage over purely ground methods. The 
main difficulties to be overcome in revising 1 -inch maps using 2-inch 
air photographs are concerned with the drawing and final production 
of the revised maps. The film positives ( Kodalines ) used for 
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carrying out the revision on the scnle of photography, i.e., 2-inch, 
necessarily compri~e more than one section for each 1-inch sheet, 
sinco negatives are not available in larger sizes. Further, these film 
positives do not nlttks a good base for drawing and typing and for 
pernianerit retention RFI " Originals ". Various methods will, however, 
continue to he tried, in order to  elect the one most suitable for 
pllblication of the revised sheets. 

Dihiiny re8ervoir.-Combination by the Slotted Template 
Method of' air photographn on 4.4 inches t,o 1 mile scale, enlarged 
from 2-inch photographs, u7at3 carried out for 215 square miles of 
the area for which plttninietric control had been co~npleted during 
1949-50 and outclines and contours were air surveyed. The originala 
on ICoda-trnco were fair drawn on 4 . 4  inches to 1 mile scale for publi- 
cation or the 4-inch scale in three colours. Only 3 sheets compris- 
ing an area of 25 square miles were fair drawn for publication and 
work on the remainder was dropped, the investigatiom for the 
project having been suspended. 

No. 9 PARTY 

OBcer in charge :-Mr. H. H. I'hillips, n.ac. ( Hons. ), A.M.I.S. ( Ind. ). 

27. Genere1.-During the first half of the year undor report 
the party was employed on mapping of surveys in connection with 
the Kosi Irrigation Project and the Ganga Barrage Project to meet 
the requirements of the Central Waterpower, Irrigation and Navi- 
gation Commission in continuation of the same type of work done 
for the same indentor in previous years. 

I n  the latter half of the year under report the party waw em- 
ployed on special surveys for the Damodar Valley Corporation for 
the production of suitable maps of the catchment area for eoil 
conservation and irrigation purposes. 

28. Personnel.-The average technical strength of the party 
was :- 

In the first half of the year, 
Gazetted Officers . . . . . .  4 
Other technical personnel . . . . 68 

In the latter half of the year, 
Gazetted Officers . . . . .. 3 
Other technical personnel . . . . 27 

29. Areas Surveyed.- 

800 square miles of triangulation for the 6-inoh sir 
survey in the Upper Damodar Valley area. 

752.9 square miles of ground verification for air survey 
and tertiary levelling for 6-inoh Upper Demodar 
Valley surveys. 
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30. Technical Methods.-Upper Darnalar Valley surveyem- 
For the planimetric control of the 6-inch air survey , ttlillor triangu- 
lation was carried out to supplement the existing triangulation data 
in the area in order to obtain an overall density of approxi~nate l~  
one point in every 3 or 4 square miles. This triangulation warn 
oontrolled for scalo by H.S.B. exterlvions whenever an exiotirlg mirlor 
triai~gulation station was occupietl. All triarlgulation statiorls and 
points were pricked on 2.5-inch air photographs ( contact prints ) 
by the triangulator, on the ground. 

( b ) I n  orcier to obtain an adequate network of heights for 
contouring, a t  a 10-foot vert,ical interval, tertiary levelliilg was 
carried out along lines 30 chains apart, obtaining spot heights a t  
intervals of 10 chains approxi~nstelr. Bench-rnarks were made on 
rock in situs, or on semi-permanent features such as milestones, 
pucca wells, house plinths or the bases of trees, where rock in situs 
did not exist. This tertiary levelling was based on Double Tertiary 
bench-marks, which, in turn, were based on Primary bench-marks 
in or near the area. As the tertiary levelling heights were to be 
used for 10-foot contouring the degree of error permitted was a 
closing error of 1-foot for any tertiary line. The average length of 
tertiary line was approximately 8 miles. All spot-height and 
bench-mark positions were identified and pricked on 2.5-inch air 
photographs ( contact prints ) by the levellers on the ground, 
pari pussu with the tertiary levelling. 

31. Discussion of Out-turn.-In general, the tertiary levelling 
out-turn was somewhat low due to t'he ground being very undulating. 
The levellers lisually had to proceed with short "shots" even using 
fully extended staves. 

In  the colliery areas in particular, due to congestion of detail 
such as installations, pits, excavations, subsidences of ground over 
old excavations, buildings, power plants and their radiating lines in 
addition to the normal detail, both tertiary levelling and ground 
verification out-turns were accordingly low. To step-up out-turn 
of tertiary levelling in very congested areas the lines were run along 
roads and tracks instead of along the straight lines 30 chains apart 
as done in open country. 

A hindrance to  the triangulation, in the colliery areas, was 
the extensive pall of smoke that hung about on most days obscuring 
the visibility beyond a distance of a mile or so. 

No. 11 PARTY 

Oficer in charge :-Mr. J. Chatterjee, ~ . s c .  

32. General.-The following survey operations were carried 
out by the party :- 

( a ) Ground verification and height control for subsequent 
air survey to produce one-inch departmental mapa 
in Sheet 64 P. 
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( b ) I.C.A.O. eurveys for P a h ,  Jbreugude, Bmnmkpoxe, 
Durn Durn and Tezpur airfields, in Sheeta 64 N, 0, 
72C, 0, 73 B, C, 79 B and 83B. Landing Ch& 
surveye only were done for Tezpur &field end 
Obstruction Chart eurveys only for Cttlcutte ( Durn 
Durn ) airport. 

( c ) Contour survey and ground verification on blue print. 
of air surveyed outline, on 32-inch male, of U p p  
Mahiinadi Dam area in Sheet 64 H. 

( d ) Air survey for four-inch irrigation mapping for Hirb- 
kud Dam in Sheets 64 0 ,  P and 73 C, and for Gandak 
Barrage scheme in Bhmts 63 N, 72 B, C and G. 
Both these jobs were in continuation of the work 
already in hand, the former being completed. 

33. Technical Methods.-1" Departmental surveye in Sheet 
64 P.-Ground heights to a density of four per square mile were 
obtained by normal plane-tabling methods and their positiona were 
pricked on vertical air photographs on two-inch scale. For conve- 
nience, the plane-table sections were plotted on two-inch scale. 
Stations and points of previous triangulation were also pricked on 
the photographs. The heights of the triangulation pointa were 
cheoked with a theodolite by observation from the triangulation 
stations before using these for deducing new heights by plane-tabling. 
Separate height traces were not kept because the plane-table sectiona 
served the purpose. Usual name lists were kept. Ground verifi- 
cation of details, such as roads and tracka with classification, 
mosques, temples, telegraph lines, milestones with numerals, 
vegetation, various types of boundaries, post and telegraph officea, 
inspection bungalows, police stations, wells, bridgea, etc., was done 
on colour traces of the photographs. The colour traces were made 
of the size of the plane-table sections, with photo limite marked. 

Airjield surveys.-Landing, Approach and Obstruction Chart 
surveys were carried out in accordance with the specifications laid 
down by the Int,ernntional Civil Aviation Organization. As minor 
details are not shown and other details ere generalized on quarter- 
inch maps, verification survey for Approach Charts wm done first on 
one-inch sheets, instead of on quarter-inch sheets, for convenience 
in making fixings by interpolation and for obtaining greater aoowacy 
in measuring distances to  hazards to be heighted ; and the verified 
details were then transferred on to quarter-inch maps. 

For determining the highest point of a runway, a line of levelling 
was first run along the centre of the runway and the positions of the 
staves were marked on the runway surface. The exact location wtla 
then obtained by observations to a staff manoeuvered in the approxi- 
mate location of this point. At Durn Durn aerodrome, where i t  waa 
not possible to run a level line along the centre of the runway due to 
the high frequency of landing and taking off of aircrafts, initial spot 
heights on the runway were obtained by reeding "ebreaat heights" 
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to points a t  intervals of about four chains along the centre line of the 
runway, from a level lino run parallel to and a t  a distance of about 
four chains from it. 

The plane-table survey for Obstruction Charts a t  Durn Durn 
airfield was done on 1 : 18,000 blue prints obtained by enlarging 
1/50,000 Landing Chart surveys of the same area carried out in the 
previous field season. Air photographs of the area on scale 1 : 12,000 
were also available and were very useful for checking the plane- 
tabling and for inserting details on the section betweon nearby 
points intersected on the plane-table section and identified on the 
photograph. 

Upper Mahinudi Dam survey.-Contours a t  5-feet vertical 
interval were surveyed on blue prints of the air surveyed outline, 
with the help of clino-poles. At the same time ground verification 
of details that could not properly be identified on the photographs 
a t  the time of air survey, was done, and any srnall errors in tho air 
survey were corrected on the ground. 

34. Recess Mapping.-Gandak Barrage mapping was done 
by, firstly chalking on photo-mosaics under stereoscopic fusion 
those details only which were not clear on the photographs to the 
naked eye, and then by tracing all the details on koda-trace section8 
from the photo-mosaics. Names and other information were 
taken from one-inch maps of the area. Generalized contouring at 
1-foot vertical intervals was done by interpolation with the help 
of levelled spot heights, the positions of which were pricked'on 
the photographs during the previous field season. The photo- 
mosaics had been " controlled " with the help of reliable points, 
appearing on the one-inch maps of the area, and identifiable on the 
photographs. Trigonometrical and traverse control points, the 
positions of which were identified on the photographs during the 
field, were also used in the preparation of the photo-mosaics. 

No. 12 PARTY 

Oficer in charge :-Mr. J. C. Berry. 

35. General.-The party was employed on air surveys on 
various scales as follows :- 

( a ) Sheet No. 79 A/2.-Air survey revision of detail only. 
The survey was for the purpose of revising the 
departmental 1-inch Sheet 79 A/2 and was carried out 
on 2-inch kodalines, enlargements of the existing 
1-inch sheet. The air photographs were on the 
2-inch scale. There were 4 sections and on comple- 
tion of the survey of the detail, the sections were 
passed on to No. 5 Party who carried out the ground 
verification and contouring, and would complete the 
fair mapping as well. 
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( b ) Bihtir Mica Belt ; Sheete Noe. 7.2 L/2 a d  6.-The 
survey was carried out on 1/35,000 scale from enlarge- 
ments of air photographs taken on the 1 .8  inchee scale. 
Each 1-inch sheet was divided into 6 sections, eeoh 
section forming a 1/25,000 sheet. The detail was re- 
vised on kodalirle enlargernente of the exieting 1-inch 
sheets, but contours were surveyed de novo a t  25 feet 
vertical interval on existing height control, euyple- 
mented by height control fixed by No. 11 Party in 
1948-49. This party also carried out the ground 
verification of names, commu~~ications, etc., in the 
same year. 

Although the survey is of a rigorous quelity with 
~ymbols, footnotes and headings conforming to 
departmental rules, these eheets do not forln pert of 
the standard 1/25,000 departmental series. 

The survey is being done for the Ueological Survey of 
India and the whole job has not yet been completed. 

( c ) Upper Mahinadi Reservoir ; Sheets ATos. 64 H / 6 ,  7 and 
11.-Complete air survey on 4-inch scale, with 
contours a t  1 0-feet vertical interval was required. 
The area of the survey is approximately 80 square 
miles with the 1230-foot contour as the limiting line. 
The survey is based on the planimetric and height 
control fixed by No. 11 Party in 1949-50. 

The work is being carried out for the Central Water- 
power, Irrigation and Navigation Colilnlission and the 
whole job has not yet been completed. 

( d ) Upper Maiuinadi Dam ; Sheet *Yo. 6'4 Hl6.-Air survey 
on 32-inch scale, was required by the Chairman, 
Central Waterpower, Irrigatior and Navigation Com- 
mission. The area of survey was 5.2 square miles 
and was divided into 15 sections. On completion 
of the detail survey, the sectiolls were passed 
on to No. 11 Party who carried out the ground 
verification and con touring and would complete fair- 
mapping as well. The survey of detail was based on the 
planimetric control fixed by No. 11 Party in 1949-50. 

36. Personnel.-The average strength of the party was 
2 Gazetted Officers and 35 other personnel including 4 clerks. 

37. Areas Surveyed.-The total area surveyed was 492 square 
miles on 2-inch, 4-inch, 32-inch and 1/35,000 scales. 

38. Technical Methods.-( a ! For the Upper MahBnadi Dam 
and Reservoir surveys, combination of air photographs was carried 
out by the Slotted Template method. For the revision surveys 
in B i h k  Mica Belt and in Sheet 79 A/2, no combination was done, 
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but principal points of photographs were re~ected direct on to the 
sections with the help of prominent exi~ting detail which were 
identified on the photographs. This method gave satisfactory 
reeulta. 

( b ) Revision survey was carried out on kodaline and koda- 
traoe enlargement; of existing 1-inch sheets. The kodalines were 
printed 4 black and the koda-trace in purple. The survey was 
carried out on the koda-trace prints in which all details identified on 
the photographs were inked up in proper symbols and colours. 
The kodaline prints were then examined against the koda-trace and 
the existing detail which agreed fairly well was accepted and that 
which disagreed was erased. The new and corrected detail was then 
traced on to the kodalines and drawn with photopaque, which 
medium was found to be most shtable for drawing on film. 

( c ) The revision survey of Sheet No. 79 A/2 was selected to 
test whether i t  was more satisfactory, from the point of view of 
survey aa well es eoonomy, to carry out air survey before the ground 
verificetion, or vice versa. The second method was tried out on 
another 1-inch sheet by No. 5 Party during the last field season 
a d  for the results No. 5 Party's report on page 32 may be seen. 
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DIRECTOR:- - Mr. H. M. Critchell, to 28-6-60. 
{Mr. U .N.  6ahu. r.sa.. M.I.S. (Ind. ), bum 1Y-660. 

DY, DIRECTOR: - M r .  P . A .  Thornus, M.I.S. ( 1 1 1 d .  ), A.B.I.C.B., to 11-11-50. 

39. Summary.-At the end of the period under report, the 
following survey parties were under the udnlinistrative control of 
the Director, Southern Circle :- 

No. 6 Party. 
No. 8 Party. 
No. 10 Party. 
No. 17 Party. 

Besides the above, the Headquarters Section under the direct 
technical control of the Director, Southern Circle also carried out 
some survey tasks, reference to which is made only in the General 
Report of thia year. 

No. 6 PARTY 

Mr. P.A. 'l!hornna, r.I.8. ( hid. ), n.n.l.c.s, to 12-10-1050. 
OfiW* ~ ~ : - { b f r .  ?vi. k Nair, B . L .  1 . M . l . S .  ( Ind.  ), from 13-10-1950. 

40. General.-The party was employed in the field on Ukai 
Reservoir survey for the Central Waterpower, Irrigation and Navi- 
gation Commission, New Delhi, and airfield surveys for preparation 
of I.C.A.O. Charts. In the recess, air survey of the Dharoi 
Reservoir area and fair mapping of the Dharoi Dam site and of 
certain departmental 1-inch sheets, surveyed during previous eea- 
sons, were taken up. 

Brief notes on the methods adopted for the above surveye 
are given below. 

41. Ukai Reservoir Survey.-Air-cum-ground method was 
adopted for the survey of the Ukai Reservoir in Sheet 46 G. Enlarge- 
ments on 4-inch scale of 2-inch photographs of this area were 
obtained and air survey waa carried out by the Slotted Template 
method on framework provided by triangulation carried out during 
1948-49. Verification of detail on the ground and contouring at 
10-feet vertical intervals in open areas and a t  20-feet intervals in 
wooded areas were done by usual ground methods on blue prints 
obtained from air survey sections. Additional planimetric and 
height control points, as required, were fixed by supplementary 
triangulation, traversing and levelling during survey. The clinopole, 
a valuable adjunct to traversing in jungle areas and surveying con- 
tours, was extensively used. All details, were oompletely inked up 
on field survey seotiom. 
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In the jungle covered foot-hills of TBpti Valley interpretation 
and identification of detail on photographs was diffioult. This was 
reflected in errors and shifts in the position of details discovered 
during ground verification. This called for a more rigorous checking 
of air-surveyed detail on the ground. The presenco of high grass in 
parts of the jungle area retarded the progress of work considerably. 

42. Airfield Surveys.-Specifications for sunray of Landing and 
Approach Charts have been sulnnittrized in the previous Technical 
Report. Methods adopted for the various airfield survey8 carried 
out during the current season only are noted below :- 

Landing Charts of I'orbandar and Juniigarh ( Keshod ) Airfields 
in Sheets 41 G and K respectively were completed during the year. 

Taking advantage of the air-photo cover available for the 
Porbandar airfield area the air-cum-ground method was used 
to survey the Landing Chart. Ylani~~iotric and height control 
points were first provided by triangulation and the heights above 
M. S. L. of the Aerodrome Reference Point on which all heights on 
these- charts are based, was fixed by tertiary levelling from the 
nearest High Precision Level lines. 1)etail was compiled by radial 
line method on the above framework and ground verification of 
detail and contouring carried out by ground survey methods. 
Heights of obstructions and hazards were fixed by theodolite obser- 
vations as they had to be correct within 3 feet. 

There being no modern survey nor air-photo cover for Junlgarh 
( Keshod ) Airfield area, detail and contours for the Landing Chart 
were surveyed by rigorous ground methods. l+-inch enlargement of 
existing 1-inch map of pre-1905 survey was supplied to the Plane- 
tabler and the details on this were accepted after adjustment and 
checking on the ground. 

Approach Charts.-Black prints of the existing $-inch Sheets 41 
G and K ( compiled fronl pre-1903 surveys ) mere mosaiced for the 
required areas of the Approach Chal-ts. These were in the first 
instance corrected against oflice copies and against air photography 
where available and then verified and corrected on the ground for 
omissions, inaccuracies in existing survey and for gross over genera- 
liztions of main features like roads, railways and rivers. Posi- 
tions and elevations of i~nportant obstructions and hazards were 
accepted from existing maps where they were triangulated heights. 
New heights were fixed by theodolite observations. 

43. Air Survey of Dharoi Reservoir.-The air survey was 
carried out by the principal point radial line method in Sheet 45 D. 

44. Description of Country.-Most of the country covered by 
the Ukai Reservoir was the wooded valley of the TBpti River 
which cuts a deep course among the foot-hills of the Satpura Range 
on the north and passes through nameless low hills on the south. 
The area was surveyed almost entirely by plane-table traverses. 
The rest of the area is open, cultivated and slightly undulating 
plaine where plane-table fixings were possible. 
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No. 8 PARTY 

bl. Hawley, A.B.I.c.~. ,  to  31-10-50. 
W. K~luppu,  n.A., A.M.I,S. ( Ind. ). from 

45. General.-The party was employed on the following 
surveys, mapping and framework of extra-departmental projecte 
and departmental jobs :- 

( a ) Tungabhadra Project. 
( 6 ) Navja-Yophli Tunnel of Koyna Project. 
( c ) Airfield surveye of Trivttndrurn Airfield. 
( d ) 1-inch modern survey. 
( e ) 1-inch verifioation survey. 

46. Technical Methods.-The methods adopted for itema ( a ) 
and ( c ) above have been described in tho previous Technical 
Reports. The methods used for the remaining itema are given 
below :- 

Navja-Pophli Tunnel.-The air survey of an area of 11 square 
miles, on 4-inch scale with contours a t  10-foot vertical interval, was 
required by the Bombay Government to bore a tunnel through a hill, 
2,965 feet high and drop the \vratters of the K o p a  Reservoir through 
turbines from Navja, of height 2,000 feet, to the proposed hydro- 
electric power-house a t  Pophli of height 500 feet. 

The method uscd for provitling the planirnetric and height 
control of this tunnel area is the same as was adopted for the Penndr 
Dam, described in the previous Technical Report. 

1-inch modern survey.-Before commencing the survey in Sheet 
47 G ,  the old topo. triangulation data of 1882-85 and 1903-05 
together with their re-determined heights of 1946-47 were ecruti- 
nized to determine whether they were in terms of G.T. triangulation 
and were sufficiently accurate for 1-inch modern survey and whether 
fresh minor triangulation was necessary. 

The scrutiny revealed that the old values of G.T. stations had 
been accepted for the old computations carried out ir) rectangular 
terms and consequently the origin of the computations required a 
mean correction of plus 1" 69 in latitudo and minus 2' 27". 02 in 
longitude, to bring it in terms of the modern values of the G.T. 
stations given in the G.T. pamphlet of Sheet 47 G. 

To determine the standard of accuracy of the old topo. triangu- 
lation, the co-ordinates of its stations in Sheet 47 G were re-computed 
by the Ray Trace system in spherical terms, based on the modern 
values of the G.T. stations, running a main series of well-conditioned 
triangles from one G.T. station to another falling in the area. 
Based on the co-ordinates of the main series thus derived, the 
co-ordinates of the remaining stations of the old triangulation were 
re-computed. The re-computed spherical co-ordinates were then 
converted to the rectangular terms uaing the corrected origin, 
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mentioned in the above sub-para. The maximum discrepancy 
between these re-co~nputed rectangular co-ordinates arlcl their 
corresponding values in the old computation volumes, either in 
easting or northing, was found to be only 1 8 links or 12 fect, which 
was not plottable on the 1 -inch scale. The average discropallcy was 
7 links or 5 feet. The co-ordinates of the old topo. triangulation 
were, therefore, accepted its being accurate enough for the l-inch 
modern surveys. 

The graticulcs of the existing maps from pre-1905 surveys were 
first corrected and zinc-mounted blue prints of these maps were used 
for the l-inch modern survey by the normal plane-tabling methods. 

1-inch veri$cation su~vey.-The corrections to details on Sheet 
No. 58 B/10 received from extra-departmental sources, were verified 
on the ground by the normal methods. 

As the country in Sheet 58 B/10 colisisted mostly of open plains, 
the plane-tabler and one khalasi of his squad were provided with 
bicycles to carry the full plane-tabling equipment for the verification 
work. The use of bicycles helped the plane-tabler to cover a 
larger area in a shorter time, obrinting the necessity of moving his 
camp frequently, which he would otherwise have clone almost 
daily, and proved very economical on the whole. 

47. Miscellaneous.-Owing to the economy imposed during 
the year and consequent shortage of regular khalasis, the field work 
had to  be carried out almost entirely with the imported and locally 
recruited mazdoors, paid from contingencies. The shbrtage of 
trained khalasis proved a great handicap in the field for the efficient 
execution of field work and it was found essential that in future 
there should be a t  least 1 to 2 trained regular khalasis in each squad 
of a plane-tabler and 2 to 4 regular khalasis in each squad of a trian- 
gulator, leveller or camp officer. 

The refusal of the Bombay Government to supply supple- 
mentary rations, on the scale provided for manual labourers by the 
Government of India, to the personnel of the party working in 
Bombay State told adversely on the efficiency of the Class I V  
servants, who had a strenuous work to  perform in the hills of the 
Western Ghiits. 

No. 10 PARTY 

Mr. B. N. Murthy, B.SC., to 31-10-50. 
Oficer in chrge :-{Mr. F. M. Haw, e,, A*,. I.,,., ,, 1-11-50. 

48. General.-This party was engaged mainly on training 
which continued throughout the whole year. In  addition to the 
normal training programme, the following surveys were also 
carried out :- 

( a ) Airfield surveys for the International Civil Aviation 
Organisation. 

( b ) l-inch scale modern surveys. 
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49. Training. -A batch of 85 trainees completed the training 
courne nt the elid of' October 1950. Of these, 73 were traneferred to 
other i~nite for producti\.t~ work arid the balance were employed in 
this unit on producti\.o 1-iilch male nlodern eurveye. A freeh 
batch of 34 trainees from other circles and units joined this party a t  
the co~linlerloelnent of the field seaeon 1950-51 and commenced 
training accorcling to the standard ~yllabus laid down. Thia 
eyllabus has already been set down in the Technical Report, Parts 
I &lid 11, 1948-49. 

50. Airfield Surveys.-The programme for both the i-inch 
ecale surrey of the Approach Chart and the 1/50,000 male survey of 
the Landing Chart of the Bezwsda Airfield in Sheet 65 1) waa carried 
out according to the specifications laid down for t.his type of survey 
which have already been deecribed in the previous Technical 
Report. 

51. I-inch Modern Survey.-From a careful examination of 
the old triangulation records of the area for survey in 47 H i t  waa 
found that there wee an adequate number of stations and points. 
It was felt doubtful, however, whether the accuracy of t h i ~  old data 
carried out in seaaons 1884-86 could be relied upon. In  the intereata 
of economy and to prevent duplication of work it was decided, 
under instructions frorn the Director, to test this old work to deter- 
mine whether it wits in terms of the G.T. triangulation and were 
sufficiently accurate for 1-inch modern eurvey or whether fresh 
minor triangulation was necessary. 

The scrutiny and the method to determine the rstantlard of 
accuracy of the old topo. trianpulatio~l is deecribed in para 16 of 
No. 8 Party's current report. The scrutiny revealed that the 
origin of computation required a mean correction of p l w  1"-72 in 
latitude and minus 2' 27"- 13 in longitude to bring it in terms of 
the rnodern values of the  (X.T. stations given in G.T. pamphlet of 
Sheet 47 H. 

The comparisorl revealed that the old computations after 
conversion to modern values would come well within the accuracy 
acceptable for 1-inch topographical surveys. It waw, therefore, 
decided that no fresh planimetric observations were necessary. 

The heights of the olti topo. triangulation were re-computed in 
terms of the G.T. stations and adjusted in accordance with instruc- 
tions in Appendix IV of T.H.B. Chapter 111. The adjueted heights 
of topo. triangulation were used for the 1-inch modern survey, 
except for the intersected tree points, whose top heights were 
reobserved. 

The method of survey was as for norrnltl 1-inch scale plane- 
tabling on blue prints. 

52. Description of Country.-The area surveyed consists of 
two distinct types : the low undulating and intrictlte belt from the 
comt to the foot-hills of the Western Gh5ts and the Western Ghits 
themselves. The hilh were mostly bare but on 8- of the 8lopes 
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end in the valleye a great deal of vegetation wne enoounterod. 
The high lantls were fail-ly well cultivated. 1Ceputed to be 
malariouw, the whole area was, however, found to be practically free 
of ~novquitou and only a very few cases of other types of i l l~ les~  were 
reported. 

No. 17 PARTY 

0f icc .r  in  cliurye : - - M r .  B. N. Murthy, n.so. 

53. General.-The party was enlployed on tho following 
surveys:- 

( u ) 1-inch tnodern survey of Sheets 46 (416, 10 and 46H/5,6. 
( 6 ) Airfield survegs of Baroda and Bhaunagar airfields in 

Sheets 46 F and 46 C respectively. 
( c ) Framework for the control of air surveys for future 

surveys in 46 F/SW. 

54. Technical Methods.-The lnethods adopted for the above 
are given below :- 

( a ) I-inch modern survey.-The existing triangulation, 
carried out during 1874 to 1892, was utilized for the 
control. The co-ordinates and heights of a few 
stations of the old triangulation were compared with 
their present values in the latest G.T. pamphlets 
46 G and H and the following mean corrections were 
applied to the old co-ordinates to bring them to 
modern terms : 
Latitude . . rninus 0"- 13 
Longitude . . minus 2' 27" a 03 
Height . . no correction. 

To check the accuracy of the old topo. triangulation, 
where i t  was not based on a G.T. base but started 
from a G.T. station and closed on a G.T. station, the 
co-ordinates of selected stations in well conditioned 
triangles, situated alongside a G.T. base were 
computed by the Ray Trace system. The computed 
values agreed well with the values determined in the 
old triangulation, which were, therefore, accepted as 
being accurate enough for the 1-inch modern surveys. 

The blue prints for survey were obtained in the following 
manner :- 

A chart showing points and stations of the old triangu- 
lation was prepared for each 1-inch sheet. Published 
maps of the old surveys were cut up and mosaiced on 
the plotted points. 

Blue prints on cloth and zinc-mounted drawing paper for 
use as field sections were obtained by photography of 
the mosaice. 
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The eurvey waa carried out by the normal phne-tabling 
method. 

( b ) Airfield eurveye.-These were carried out in accordance 
with the epeciticetions Lid down for the 1.C.A.O. 
charts. Details have beell published in the Technical 
Iteport, Parts I and 11, 1950. 

( c ) Frumework for the control of ctir aurvvys i n  46 PIS Mr.- 
A reoonnaismnce of the area wau carried out to find oot 
if the old stntionu and points of the old triangulation 
existed and could provide slifticiont control. I t  was 
found that very few stntiol~s wuld be 10catt)d and 
identified. Coneequently traverae with heights wtts 
run to provide neceseary control. as no trianpulativn 
was possible owing to flatness of the area. The 
positions of the traver~e sttltionn were resected on the 
photos a t  the time of r~lnning the traverse. 



VI. APPENDIX TO TECHNICAL NOTES 

3TAnON PILLAR 

(f'odmr) 

The masonry construction on which a station was made 
conaists mainly of two parts :- 

( a ) The base which is constructed of bricks set in cement 
and sand mortar, measures 14 inches square and 
7 inches in thickness. It is embedded in sand 2 feet 
below the ground surface. A circle dot mark is cut 
in its centre. 

( 6 ) The pillar which is constructed in the centre of the base, 
is 34 feet high and 10 inches square in section. Its top 
is plastered with 112 inch thick cement and a circle-dot 
mark is engraved vertically over the mark in the base. 



PART 11-MAP PUBLICATION AND OFFICE WORK 
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DIRECTOR :--Colonel I .  11. li. I Y i l a o ~ ~ ,  v.ii.~.c..s., rr.1.n. ( Inti. ). 

DY. DIRECTOR :-Mr. K. L. I)hnu'an, B.A., M.I.S.  ( I I I ~ . ) .  

VII. PRINTING AND REPRODUCTION OF MAPS 

55.  General.-Tl~e period under review has been uneventful in 
so far as the introduction of any ~najor new technique is concerned. 

With the easing of the map stock situatic~ri of departmentel 
sheets, the pre-wtlr policy of printing rnaps in full  coloura has been 
revived. On the reproduction ~ i d e ,  the printing of large aim 
multi-coloured posters for various Government L)epartmenfs 
continued. 

56. Printing.-Experiments are in progreas to renovab time- 
barred and fogged photographic material. The results obtained m 
far have been very hopeful. The succese of the experiment will 
save the department a considerable amount of money. 



INDEX MAPS 

INDEX A.-Modern Topographical Surveys and Compilation. 

INDEX C.-Index showing Project Surveys in hand. 

N.B.-The above two indexes are the eame as Indexee A and C 
whioh appear in the General Report, 1961. 
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