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SURVEY OF INDIA 

TECHNICAL REPORT 
1952 

From 1st April 1951 
To 31st March 1952 

I. INTRODUCTION AND SUMMARY 

I. Annual Reports.-The publication of the two Annual 
Reports of the Survey of India namely, the General Report and 
the Geodetic Report was su~perlded in 1916 for the duration of 
the war. The ~~esumption of publication of these reports was made 
from the year 1947 in two separate volumes namely :- 

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

The General Report is a brief narrative covering all work of' 
the tlepartillerlt and is intended for the informstion of the Govern- 
rnent of India and non-tecllnical ~~eaders. 

The Technical Report which has superseded the Geodetic 
Report not only deals in detail with the geodetic and geopllysical 
activities of the department, but also covers technicalities of survey 
worls, drawing and map reproduction not included in the scope of 
the Geodetic lteport. 

The present Report like others covers tllc period of tilt. financial 
year, i.e., from 1st April 1961 to  31st March 1952. 

The Technical Report is arranged as follows :- 

Part I contains Table C giving a detailed statement of areas, 
out-turns and cost rates of surveys. I t  also contains technical 
notes on topographical and other surveys, descriptions of the 
country surveyed, notes as to weather, communications, availability 
of food and on other subjects likely to be of interest to  surveyors. 

Part I I  deals with map drawing and reproduction and allied 
matters. 

Part 111 deals with geodetic and geophysical operations with 
special reference to the tecllnical 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 some of the 
information will continue to  be prepared in t-ypescript for depart- 
mental use. 



PART I.-TOPOGRAPHICAL AND OTHER SURVEYS 

11. ABSTRACT OF TOPOGRAPHICAL WORK 

2. I n  the annual General Report of the Survey of India, the 
abstract of topographical work is explained by throe 'Ikblee A, 
B and C. 

Table A shows the area of survey completed on various scales 
since 1005 as well as the approximate balance wllic'll I ' C ~ I I I ; L ~ I ~ S  to 
conlplete the contoured topographicitl survey of Iilclia. 

Table B shows the swvey of the area revised during the period 
under review. 

Table C shows in detail the figures for areas surveyed, out- 
turns and cost rates of surveys, compilation and mapping by the 
various survey parties of the Department. 

Tables A and B are published in the General Report ; but 
Table C forms part of this Report. 

I n  Table C, although every endeavour has been made to  cal- 
culate the cost rates accurately, i t  is estrernely difiicult to nllocnt,c 
overhead charges accurately to  the various clitsses of w-ork. The 
cost rates shown in the Table C must, therefore, be considered to  
he approximate. The net cost represents the expenditure 'actually 
incurred on the work plus Party overhead charges, but excl~lclc!s 
expenditure incurred on nloving tire party to  thc fielti ant1 depart- 
mental overhead charges. The overall cost is the net cost plus the 
cost incurred on nloving the party to the field and departmental 
overhead charges. The information contained in this Table is 
intended to  be useful t o  those familiar with survey organization, in 
estimating costs in subsequent years. 

The costs shown for mapping and computation are those 
incurred in the party, etc., offices only, except where otherwise 
stated. Publication charges, if required, may he 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 this Report. The progress of modern ( i.e., since 1906 ) 
topographical surveys made by the Department and of compilations 
made from our own or other material i-, illustrated in Index A .  
The surveys in hand, during the period under report, in connection 
with the various irrigation ancl developrrient projects are shown in 
Index C .  



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

Party and description of oomtry 

No. I Party.- 

Area Clam of work 
( including scale and V.I. ) 

/ Gobind S e a r  ( Bhikra Reservoir ) 
1 Survey-Scale 4 inches t o  I mile 
I contours at 20 feet vertical inter- 

val. 

eq. m. ! sq. m . 1  Rs. 
I I 

Out-turn 
per man 

per month 

Parlly hilly and parlly undulating ground, Supplementary tr~angulation . . I 

2.0 I 3 .0  1 111.5 
covered with foreet.9, cvUivated dong river- 
be& with  catt tared trees I 

Plane-tabling . . . . 24.0 ; 1 .7  '71.9 

Cost Rate per 
sq. mile ( or mile ) 

RRMABXS 

Rs. NORTHERN CIRCLE 

I *Net *Overall 
I 

I Fair-mapping . . . . 4 4 . 5 ;  1 . 1  211.5  2S8.0 Fair mapping in hand. 
I 

I ! Scale 6 inches t o  I mile, contours 
1 

I 

I at 20 feet V.I. I I 
1 

I 

Pl lam Obstruction Chart-Scale ' 
I r/rz,ooo I I 

I 
Aren fairly wngeatd and wunlry uduluting Supplcinentary tr~ar~yulation . . , 6.n 10 ' 105.0 

I 1 152.1 Fair mapping of the chart ie being 
and broken done in KO. 1 Drawing Offioe. 

I I 
hrcl l ing . . . . 20.0 30.0 16.2 

1 linear , Linear 1 per linear 
I miles : miles I mile 

i 

26.3 
per linear 

mile 

I'or 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 , Rapid rerizlon survey . . 3 . 0 ,  2 . 1  2 5 4 . 3 /  353.2 

/ Scale I inch to  I mile 
, 

I 1 

/ sq. m. 

/ Verification survey . . 1 83.0 1 60.7 i 11.8 ' 16,3 
I 

I I I 1 

Party end deecription of oonntry 

i i 
eq. m. / Re. I Rs. / NORTHERN CIRCLE.- 

I 
Tractor Going Plans-Scale 4 1 
inches to  I mile I i 

I 1 *Net 1 *Overall 

Out-turn 

per month 
per man i Claaa of work 

( including scale end V.I. ) I 

No. I Party.-Contd. I I 1 I 1 ! 1 Scale 16 inches to  1 mile Contd. - 

70% open area, mostly full of Ram and scat- 
tered t r w ,  frequently cultivated and occa- 
sionally having open forests, 20% und&ting 
and 10% hilly area with open forests 

Cost Rate per 
eq. mile ( or mile ) I 

R ~ a h a a ~ s  
I 

Finalization of plane-tables for 
direct publication 

Rapid revision s e e y  for depart- 
mental mappi*-Scale 4 inches 
t o  I mile 

Plane-tabling . . . . 

Pun& Reservoir Survey-Scale 
4 inches t o  I mile, contours a t  10 
and 20 feet V.I. 

92.0 j Rapid revision survey to C.T.O. 
I specification. 

i 70%?pen forest and undulating area with Supplementary triangulation . . 15.0 1 7 . 6  / 
1 

I ! 490.2 
cultzvation and v i l l ~ e s .  30% hilly and . - 
forested area, with hi& gras.9 1 I i 

For explanation of ' net' and ' overall ' rates see page 2. 
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TABLE C.-Areas, out-turns and cost rates of Surveys, Computations and Mapping 

I I 1 Cost Rate per 

I 1 out-turn 1 sq. mde ( or mile 

I 

Party and deecription of country 
Class of work 1 a 1 per man I ( including scale and, V.I. ) I per month 

I I I 

No. 2 Party.- 

. 

Undulating area under cultivation with scat- 
tered villages, about 4 miles apart and 
broken ground along streams and rivers 

No. 3 Party.- 

Cultivated plains with numerous water 
channels, scattered trees, mango groves and 
tanks 

Fht  cantry with a few mounds, innumerable 
$field bunds, scattered treeq, wells and ezca- 
anted water channels 

I 
Charnbal Hydel and Irrigation ' I Project-Scale 4 inches t o  I mile, , 

contours at one foot vertical , 
interval I 

I 

Triangulation 

i 
Levelling . 1,130.7 ( 48.1 

linear linear 1 miles 1 miles 

Ground verification of detail and 
post-pointing on photographs 

I 

I Ganga Barrage Project-4-inch 
scale with I-foot contours I 

Fair mapping and computations . . 1 430 . . 

South Bihir Irrigation Projects- I 
+inch scale with r foot contours j 

Triangulation . . 

34.5 
per linear 

mile 

R S  NORTHERN CIRCLE.- 

Contd. 
I 

- 
i 

11.3 1 
1 

48.6 1 
per linear i 

mile I 
! 

3 0 - 5  1 
! 

+ For explanation of ' net' and ' overall ' rates eee page 2. 



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

I ~ 
1 Cla& u, w u L a  / Area 1 per man and deecri~tion of I ( including scale and V.1. ) , j per month 
I ~ I 

Cost Rate per 
sq. mile ( or mile ) 

*Net *Overall 
1 

No. 3 Party.-Concld. 

No. 4 Party.- 

-- 

Traversing . . 

sq. m. sq. m. 

. . 91.5 45.0 
linear . linear 
miles miles 

Rs. Rs. ORTHERN CIRCLE.- 
43.96 63 - 1 Contd. - 

per linear per linear 
mile mile 

Double tertiary lercll~ng . . 150 37.2 46.78 82 . 6  
linear linear per linear per linear 
1111les ni~lrs  m ~ l e  mile 

Tert~ary levelling . . . 2,1110 52.9 , 17.90 , 31 .6  
l~near  linenr per linear ' per !Inear 
1111les miles ~nlle 1 m ~ l e  

Stor~e laying . . 22 5 88 13.63 24.1 
.;tones stones 4 per stone per 

i Ground verification , . . 17 .07 30.1 7 10 50.4 i 
Plane-tabling - - . . I?. 12.0 I ra.51 133.2 

Gandak Barrage Scheme-Scale I 
I q inches t o  I mile and contours i 

a t  I footV.1. 
I Flu4 c d i v d t d  plains with numerow potulq, Traversing . 148.5 , 26.0.i 

mango gardem, aeaeral perennial alreamv linear linear 
and marahy areas m~les rnile~ 

52 .!46 93 -6  
per linear per linear , 

ni~le ruile 

Secondary Ir\ rlllng . . 97.37 55.12 ' 5 7 . 7 0  102.0 
l ~ n e ~ r  l~neilr per llnear per linear 
rn~lrs 1111les r ~ ~ ~ l r  m ~ l e  

For explenetion of ' net ' and ' overall ' rate8 rn p a p  2. 



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

I Cost Rate per ' 
Claas of work I Out-turn sq. mile ( or mile ) 

Party end desoription of country ( including male and V.I. ) Area / per man 
I per month 

! I *Net *Overall 
I I 

No. 4 Party.-Concld. I 

I ' Double tertiary levelling 

sq. m. sq. m. 

229.801 45.96 
linear linear 
miles miles 

I i NORTHERN CIRCLE.- 

Rs. RE. I 
Contd. - 

47.11 83 3 1 
per linear per linear 

nnle m ~ l e  I 
I I I 
, Tertiary lerelling . . . . ; 3,866.70 1 7 1 15.05 ' 46.6 i 

linear I linear per linear ' per linear / 
; miles I miles 1 mile mile j 

1 
Ground ver~fication of 4-lnch alr 1 2,240 260.47 1 

' photograpl,~ 
I I 

3 . W )  5 . 3  / Half the work carried out on 
I bicycle and the other half on foot. 
I 

Rapid ground reriPratlon of I -Inch / 157 1 27706 ; 4 33 7.7 1 Work c a n e d  out on foot. 1 sheets 1 
I 1 1 

I 

I i 
: Fair mapping . . ' 8 .1  1 39.32 i 56 - 4  1 

. .  I 77S5 I i 

1 Colnputations ( Traverse ) . . 14a 5 ; 63.6 12.67 1 1 linear linear I per l~near  per ilnear 
miles miles mile 

I 
21.6 i nule 

I I 
I i I 

14,192.871 146.80 
1 linear linear 
i miles miles 

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

3.00 1 5 . 2  1 
per linear I per h e a r  

mile I mile I 
I 



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

I I I 
I Cost Rate  per 

Party snd  desoription of country 
011t-turn sq. mile ( or mile ) 

Class of \vorlr Arcs per marl j 
( including scale and V.T. ) ner month 

I 

No. 13 Party.- eq. In. 

1 B h i k r a  Dam Project-Scale q 
: inches t o  I mile, contours at I 
I foot V.I. 

Opcn.,/lnt.  culli~.nlrd plnin.9 thirkl!, pop,,ln/rrl ' 'I'c.rti:lry 11:vcllinp 10  L'.i.;~c.rr ( i l l  
--- 
. > I  .) 

e.t.rcl)t for nren ,fullin7 in  .Vrrkodnr Tnh.ril .Julll~ndur Rloc.li ) 
tnhich i.9 .wft nnd .xundr/ 

; ('orllpllt,ationr . . . . I . .  

NORTHERN CIRCLE.- 
sq. m. Us. Rs. 

Contd. - 

i 'Fraversir~g n.11r1 lbt\i\.;~vr? ~ P C ~ ; I I ~ C ~ I -  1 .I\:f\ , 51 . S  :)I). I li7 ,.; I ~ s c l a t l r s  lirnitctl work ~\~)nc. ill 
! l t~ t i r~n  ( in Arr11)51:1 Rlo(.k ) 14 i ~ n l r  ~ r e n .  

t('nrric.cl out n s  I I  pnrt of *Ilr\ry 
work fnr T3hPlir11 l ' r ~ ~ j c ~ l  IiBr tllc' 
wc~nc l  > tvtr. 

I 

h r  c\plnnntion of ' nrt ' nr~rl ' ~~vr-nlll ' rat<-q e r e  p q e  2.  



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

S 

I 
Cost Rate per I 

Party and description of couutry 

~- 

No. 13 Party.-Concld. 

Patches of fa i r l !~   den.^ ;PI reel jtc,~glc Jtlll oj  
dhhk and hnbtil. 

Out-turn sq. mile ( or h l e  ) 
Class of work Area per man 

( including scale and V.I. ) . -. - 
~ e r  month I 

Forest Surveys-Scale 6 inches to I 

I mile, contours at 5 feet V.I. ~ 

I I I 

sq. m. sq. m. RS. I Rs. NORTHERN CIRCLE.- 
Concld. 

Traversing alo~ig Reher\ rd  Fore.;t 20.7 32.7 33 .6  1 44.6 
boundar~es ! linear lmear per linear per llnear 

mile mile , 

Original ground surve- 



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

I No. 5 Party.- ! Original Survey-I-inch d e  ' 
; with contours at 50 feet V.1. 
I 

Phl ,  open cultivated plains interspersed with ! Traversing 
I 

. . 
scaffered t r w ,  mango grovee, swamps and .. I 
numerow tanka I 

! I 
Rapid tertiary levelling . / 

I Ground verification i;lcluding mn- 
I touring. 

I I Supplementary ground verification 
I 

I , Air aurvey, outline onlv . . 
I 
! Revision Survey-I-inch scale , 

j with contours at 50 feet V.I. 

Open cullivakd phins with numerow h w m  j Corroction eurrc-y ( from air photo- 
and village a r m  overgrown with t r m  and ; graphe ) of outllne only 
wnhining numerow t a n b  

Falr  napping I 
I I 

, Dihlng Reservoir-4-inch scale 
with contours at 50 feet V.I. 

Heavily ww&d n k p  hilh . . Air .survey of ol~tline only 

I I Cost Rate per 
sq. mile I or mlle ) 

ku I :::: ~ -- - 1 per month 
, *Xet *O~snrl l  , 

I 

I sq. m. i sq. m. Re. ~ e .  EASTERN CIRCLE 
I 

I 
106.3 1 49.1 93-2 149.2 High cost due to the employment 
linear 1 linear I per linear per linear of Gazetted Officers, under train- 
miles miles lnile mile Inp. on the job. 

308.8 7" 4 14.9 40.6 
linear linear per linear , per l i n a r  
miles milm mile I mile 

831 , 1 7 . 0  -. - ~ 3 .  ; 30.8 ('ost higher than nr~plnnl aurvry 
due ta hea?~\-y onr r r r t~on~.  

I Fair mapping . . . . 2 . i . 0 ,  9 . 7  51 . t i  6 7 . 1  

For explanation of ' net ' and ' overall ' rates eee page 4. 



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

Cust Itate per 
Out-tnm sy. mile ( or mlle ) 

Class of work 
I'srtp and descriptior~ of country ( including scale and V.[. ) Area per man I . - 

per month 1 
*Net I *O\erall ' 

q. III. iq. nl. I:<. ILS. EASTERN CIRCLE.- 
Kopili Flood Control Scheme- 
+inch scale, contours at I foot - Contd. 
V.I. 

Low-lyiny p l n i r ~ s  inter.vpers~d ruit l~ .qu.ccinpv F , ~ i r  111app111g . . 
and high gmss 

Manls Project 

L)or~hle tc.rti;tr>- levelling 

Tea Estates-16-inch scale with- 
out contours 

3 . 4  41.1 91 .U 
I lne:~r per linear per linear 
tr~iler; ~ r ~ i l e  111 :Ic 

1 ~ 1  gurrlrns ttr;tl~ open Jrrt ror~tltr,t/ r~d , Air sIlr\-ry of ol~t,line onl,~. . .i(I.O 2.H 174.7 - .).),; - . ,% 

30% &nn.~l! /  tc,o,~:!cd l r c d  
F'tir 111;tppit1< . . . . i O . O  0 . 9  ,j I ( 1 . .-I i :  1iiyi1 cost t111c t o  ;~~~c . i l l :~ ry  w o r k .  

ch.<..  t:rkin; out nrp:ts, rtc. 
Tripura Cadastral Survey- / 

16-inch scale without contours , 
I 

Low woodcd Itil/.v, crr(tictcl~d plir itts rr~arl ' 'I'ri:tn,nulati~~n . . . . 
villages, o u r r g r o r ~ . , ~  tr.;lh frees I 

I I rr.1 \.ersi,i: . . . . 
1inc;tr l i t i t * . ~ t ,  per linctr I per linr:~r ; 
tnilrs I !  I milt. ; ~ni l c  H i ~ l l  cost due to t l ~ e  a:r lifiir~: of ) .;tor!--, etc.. t o  t l ~ c  ;Ire;,. 

i ~ l a n c - t ~ ~ ) ~ i n g  . . . . I .(i (1 .41  4 3..ih;.4 J 
For explanation of ' net ' and ' orerall ' rates see p a p  2 .  
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TABLE C.-Areas, out-turns and cost rates of Surveys, Computations and Mapping 
I 

No. I I Party.-Contd. i 

- 

Party end deecription of countq 

I -inch Topographical Survey with 
contours at 50 feet V.I. 

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

Jungk covered hills and river bed 

Partly jungk covered hills and partly undulot- 
ing cultivated plaim 

GuUivated p b i m  and junqk covered hills ?we 
and there 

2-inch air survey and tracing from 
2-inch reductions of HirLkud 
Dam sheets for compiling 1-inch 
sheets 64 P/9, 13, 14. 

I I 

I 

sq. m. / sq. m. Re. I Re. I EASTERN CIRCLE.- 
1 I Contd. 

I - 
! I 

I 1 Out-turn 

Area I 
per man 

per month 

I 
22 28-6 / tExcludes 260.1 sq. miles of corn 

I pilation &om 2-inch d u c t i o n s  
1 of Hirikud Dam sheets. 

Cost Rate per I ! 
sq. mile ( or mile) 

, I 
-- I RE- 

1 
*Net 1 *Overall / 

I 

Orissa Cadastral Sumeys-Ground 
work for subsequent 16-inch air 
survey 

Triangulation . . . . 

Traversing . . . . 

Upper Mahinadi Darn-jz-inch 
scale with contours at 5 feet V.I. 

Fair mapping . . . . 

124-6 1 28-9  
linear linear 
miles I miles 

I 

110 1 167.2 

78 i 1415.3 
per linear 1 per linear 

mile I m ~ l e  

1 
I 
I 

4.76 0.35 
I 

I 

I 

1,283 1,667.9 , 

I 

1 Computations ( Traverse ) 

1 

Computations ( Triangulation ) . . 
I 

124.6 / .. 
linear i 

miles i 

! I 
188 1 . .  11 .3  ! 

I I 
1 9 .1  I 

per linear 1 ps linear I I mile I mile i 
I 1 

+ For explanation of 'net' d 'overall' ratee see page 2. .. 



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

1 I 1 Cost Rate per' 

Clam of work 
I Out-turn 1 q. mile ( or mib ) 

Party and description of country ) ( including scale and V.I. ) / I per man 

I I per month ' 
I 

I 
i I 

1 * f i t  *Oeeran 

! 

No. I I Party.---Concld. I 

No. 12 Party.- 

' sq. m. sq. m. Fks.. Re. =STERN CIRCLE.- 

1 Concld. 
I 1 

Detailed ground rerlfication includ- 52.1 2.3 
ing plot marking on 16-inch photos I 

I 
I 

BihHr Mica Belt Survey-1/25,000 I 
scale withcontours at 25 feet V.I. 1 

Billy.  unddntinq ground, with open and Air survey . . . . 202 ' 4.2 I 71.4 
fairly &me jungle I 

Fair mapping . . . . 2 0 ? [  6 .2  64.7 

893 1,228.6 Ou&tan could have been much 
higber with better co-operation 
from the villagers a-hose lands 
were surveyed. -UFO, t.bl~: type 
of work WBS berng attcrnpkxl for 
the first time by the  Survey of 
India personnel . 

Upper Mahinadi Reservoir j 
Survey-)-inch scale with con- , 
tours at 10 feet V.I. 

Undvlaling ground n t h  open and jnirly Air survey . . . . I  1'71 3.8 99 128.7 
h e  jungle and cultivatwn T& figuron mfer to  the whole 

k'arr mapprng . . . . 121 4 .4  ' 76.5 

I No. 18 ( Boundary Survey ) I I 

Party.- East-West Bengal Boundary I 
Sumey on 8-inch scale I 

I 
I 

Open cuLtiwtp*l phinq  . . . . Ground vcrlfication . . . . I 313 j 10.0 69.3 110-2 

I Plane-tnhlr traversin~ . . 189 ; 57.3 34.4 3'2.2 I 
For erplenation of net ' and ' overall ' mtca ~s page 2. 
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TABLE C.-Areas, out-turns and cost rates of Surveys, Computations and Mapping 
1 I I 

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

I I 1 

No. 8 PARTY .-Concld. eq. m. 1 sq. m. Ra h. SOUTHERN CIRCLE.- 
1 j Pej-Ulhk Extension-4-inch scale Contd. - 

Party and description of country 

Open undulating plaine, jlnnked by wooded I $Supplementary triangulation and 93 35.3 , 23.3 33 .!I Only planirnc.tnc ccn~t.rol wes e s k d  
A& I computations I for. 

I *Carrid out during tlw vnar 

Pej-Ulhh, KS1 and Kundalika I 
Valleys-4-inch scale with con- 

, tours at 5 feet V.I. 

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

' $Outline air eurve . . . . 1 4 i  4 . 7  4.i .6 .i9.3 $('nnied orit (luring the yea1 
I , / I 1960-61. 

I I I 

$Ground verlficat~on and con- / 4 i  j 1 . 6  / 173.8 2 1 $Carried out riaring the  gee1 
touring I 1960-61. 

Cost Rate per 1 Out-tom ( q. d e ( o r  d) 

Open tndulating plaina, tnferapersed with 
qpen jungle 

I / Fair mapping . . . . I 

4i I 2 . 0  ' 117.1 I 152.2 , 
I I 

Area 

I 

$Supplementary triangulation and 1507 1 17.1  34.0 ' 4 7150 eq. milee was done to rwmr 
computations 47 eq. rn~les of the Project area. 

I $Carried out during thv year 

I Combined project . 
I 

. . 47 1 0 . R  I 4 4 5 . 1  625.4 
1 

per man -- - 

per month I 

1 
I 

195061. 

I I 1 
I Topographical Survey- ' ! 
I I 

BLup, v o d e d  h i h  and narrow oalleya with I-lnch verlfictrtron nurvey for corn- 370 , 194.7 , 4.96 ' 6.9 I 
caasbl phim rnunicat~on~ linear imnear per linear palinem ( 

mllen mllen mile mile 1 
I I I I 

For explanation of ' net ' md ' overall ' raten me page 2. 



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

! I I Cost Rate per I , 1 
' Out-turn 

C b s  of work 
Party and desoription of country 1 ( including scale and 17.1. ) per men 

per month 

sq. mile ( or mile ) 

+Net 
I / *Overall 

No. 10 Party.- 

U n d a i n g  ground, partly open and p r d y  
make infected dry scrub and high grasa 

I I 

I sq. m. sq. m. ' Rs. Rs. 

1 Bangalore Airport and Surround- 
1 ing-112,500 scale with contours 
1 at I foot V.I. 

Stone and peg laying . . . . 

Tertiary levelling . . . . 

Traversing . . . . 

Original nurvey . . . . 

I / Tertiary levelling . . . . 

I 
NO. 17 Party.- Santa C n u  Aerodrome Obstruc- 

/ tion Chart-r/rz,ooo 

1,535 
acres 

43.2 
linear 
miles 

25.9 
linear 
ruiles 

1,535 
acres 

Open phin country, tightly built u p  . . 45 

4 
linear 

1 miles 

4 
linear 
miles 

Triangulation and compuhtion . . 

Traversing . . . . 

1.001 
acres 

43.2 
linear 
miles 

31 - 1 
linear 
miles 

84 
acres 

! 1.4  
I per acre 

13.4 
1 per Linear 
1 mile 
I 

35.8 
j per linear 

I mile 

per acre 

18 

40 
linear 
miles 

40 
linear 
miles 

128.6 

9.0 
per linear 

mile 

8.0 
per linear 

mile 

1.8  
per acre 

17.4 
per linear 

mile 

46.5 
I per linear 

mile 

10. l I per acre 

l S 2 . 8  

11.7 
per linear 

mile 

10.4 
per linear 

mlle 

SOUTHERN CIRCLE.- 
Contd. - 

I I I 1 I 

For explanation of ' net ' and ' overall ' rates aw page 2. 



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

No. I 7 Party.-Concld. 

Party and dsscription of oomtry 

%. SOUTHERN CIRCLE.- 

1,313-8 Concld. - 

1 Cost Rate per 

I 

8q. m. sq. m. 

Dotail survey of ohstructions . . 5.0 2 . 5  

Combined field work . . . . 5 . O  1.3 1 2126.0 
I 

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

&. 

9.55.0 

SharZvati Project Survey R c w -  
voir Area-4 inches to I mile scale , 
with zo feet contours 

per month I 
'Net *- 

HiUy arm with deme jungle . . . . I Triangulation and cnmpuhtion . . 600.0 i i . 5  1 33.8 1 43.9 
I 

kvelling ( double tertia,ry ) . . 1 tv2 20.4 i 4.5-1 
i n  , linear / p~Z:;~ear 
miles  mile^ 

.SH.G 
per linear 

mile 

I Heipl~ting end plmto verification . . 162 3.9  I 3OS.Y  I 401.4 
, I 

/ Conihinal fidrl work . . . . I G X . . i  ' .. I 
I 

Station and Dam Site-16 inches 
to I mile scale with 10 feet con- i 1 

I 
612-s 714 sq. m ~ l m  wan d o n e t a  eerre ' 3 nq. milen of the Project rme. 

I Pnrnhined field ro rk  . . . . 3 
I 
1 I I I 

*For explanation of ' net ' and ' overall ' nta ree p g e  2. 



111. TECHNICAL NOTES, NORTHERN CIRCLE 

hlr. H. JI. Crltchell, to 4-1 1-51. 
Colonel Glrmbhir Singh, N.I.H. ( Ind. ), i'r,)m 5-1 1-51 

DY. DIRECTOR :- 

'Lt.-Col. J .  S. Pnlntnl, E11ginrer.r to 19-ti-51. 
Mr. 11. hl.  Crltclivll, from 14-625 I ttu 5-7-51 ( In trd~lltlon t o  111- 

ciutles us l)lrc.ct~~r, Nor t l~rrn  Clrrlt- ). 
Lt.-Col. J. 8. Pulrit:+l, Englncrr~,  from 6-7-61 to  20-10-51. 
Mr. H. h1. Ckitchell, frbm 21-1&51 to  4-11-51 ( in adtlitiun to  Iiin 

duties a0 Director, Northern Circle ). 
Colonc.1 Gamt)hir Shgll ,  M.I.Y. ( Ind. ), from 5-11-51 to  21-11 -51 

( in crtldition to his dutics as I)irc.ct~~r, Nt)r.tlic*rn Circ'lc ). 
Lt.-Col. J. S. Paintal, Engincc~r., from 22-1 1-31 t11 35-12-61 
Mr. C. T. Hurley, N . I . ~ .  ( 111t1. ), f r o u  26-12-5 I .  

3. Summary.--During the period under report, the following 
survey units were under tlie administrative control of the Director, 
Northern Circle :- 

No. 1 Party. 
No. 2 Party. 
No. 3 Parby. 
No. 4 Party. 
No. 13 Party. 
No. 2 Drawing Office. 

No. I PARTY 

O s c e r  i n  chargr. :- Shri P. S. Shlnghal, ox., A.M.I.E., t o  13-10-51. 
Mr. J. C. Ross, A.R.I.c.s., from 14-10-51. 

4. General.-The party was employed almost wholly on 
paid-for surveys for various clevelopment schemes sponsored by the 
Central and State Governments. The methods adopted, together 
with scales and specifications for the different surveys, not already 
described in the preceding General and Technical Reports are 
briefly described below. 

5. Technical Methods-( i ) PClalr~ ( Llelhi ) Aerodrome Ob- 
struction Chart.-The preparation of this chart was the first of its 
kind, and hence, of an experimental nature. 

( a ) Framework.-This was carried out by triangulation. 
Prominent obstructions and other high objects, to be used as control 
for the 1112,000 plane-table section, were selected and fixed as 
intersected points. I n  addition, a number of navigational aids such 
as High Frequency, Very High Frequency and Mediuin Frequency 
beacons and the ends of runways were fixed by three-ray intersections 
or by traversing. 

Accuracy aimed at  being 114,000, a base was measured with 
Hunter Short Base equipment and azimuth was observed from 
Polaris. 
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The gcographioal co-ordinates and height of the Aerodrome 
Reference Point were obtained by connecting it to  the triangulated 
framework. 

( b ) Plane-tabling.-A I /  12,000 plane-table section, extending 
to  a r a d i u ~  of about 24 miles from the i~tersection of the tlerodromt. 
runways, was conlpleted. 

1 ' 
The 16-inch C!antonment surrey covering the Runway area w a  

aleo revised. 4 

One-inch verific.ittion i ~ n d  ~.ovi~ion survey of arenb lying beyoor1 
tho limits of the Obstruction C'hart was also carried out. Heighttr wore 
observed t o  high objecto, likely to  form obstructiotw, and revision, or 
insertion, of important detail such cts r o d s  and localitiee w u  
carried out. 

( c ) 1,evelliny.-Levelling had to be done in two stages. Closed 
tertiary level lines were first run to fix the heights of 

( i ) the ends of runways 

( ii ) the intersectiv~ls of runways 

( iii ) profile points on runways 

( iv ) the intersections of the centre line ( produced ) of the 
runways with f'reciuently used roads or railways which 
were within 3,000 feet of the ends of the runways. 

Some temporary but identifiable bench-marku were a160 
established during the course of the levelling. 

Later, when the 1/ 12,000 plane-table survey war completed, 
levelling by closed circuits was done t o  obstructions in the Runway 
area and in part of the Approach area. The top heights of such 
obstructions were obtained by actual ~neasure~nent of the top of the 
object above ground level. Closing errors of 0 . 2  feet in field 
levelling and 0 . 7 6  to 2 feet in levelling for obstructions could be 
obtained without any difficulty. 

( d ) Obstruction Guide.-An Obstruction Guide was prepared 
on tracing cloth showing all obstructions according to definitions 
given in the specification. To determine which objects would 
qualify for being classed as obstructions in the Approach areas the 
tangent of the vertical angle to the top of a probable obstruction 
from a point 200 feet from each end of the r u ~ ~ w a y s  was calculated by 
dividing tlie relative height of the obstruction by its distance from 
the point. The idea of the guide was to show the nature ( tree, or 
pole, or building, etc. ) and the extent of the obstructiolis. The 
positions and heights of only selected obstructions were marked 
on t#he plane-table section and height trace, but the Obstruction 
Guide showed all obstructions. 

( ii ) Tractor Going Plans.-L)uriug tlie suruiner of 1961, a t  the 
request of the Chairman, Central Tractor Organization ( Ministry 
of Agriculture ), specimen surveys to  certt~in special opecificatio~ls 
were done on the 3-inch and 4-inch scales in Bhopiil State. On 



completio~i, these specimen surveys were esa~nined and i t  was 
found that the 4-inch scale would bo more suitable for aurveyN for the 
purpose required. 

( n ) Frame~oork.-Sirlce it  was decided that rapid revision 
survey without contours e or grey enlargements of'the largest 
scale topographical luup lo area, would be adequate, frttlliework 
was not considered ne . l'lane-table fixings wero made 
from the existing detail. ctual practice, however., the accurl~cy 
of the detail frequently fe ing to the considorable enlargement, 
especially where tho basic exi g map was on the half-inch scale. 
Quite often, also, no tlependabl or recognizable detail was available, 
with the result that fixings fir , had  to be ~ i ~ a d e  on the nlitp itself T, with the help of triangul;~ted *lnts aild clotail c2pptt;~i'ing thereon, 
and then transferred to the  plnrie-titble section, before survey could 
be commenced. I n  ally CitSe, i t  wits ~ s u a l l y  found necessary for 
adjoining plane-tablers to  adopt the sanle bi~sis of control, to avoid 
appreciable disagreement nnd complications along colnrnoli edges. 

( b ) Plane-tabling.-In addition to revising rapidly tho existing 
detail in areas which were not completely jungle-clad or hilly, the 
plane-tabler also had to  pick up the following, which were felt 
either to  be obstacles to  tractoriziLtion or would help in plarlning a 
progranlnle for tractorization :- 

( i ) Small streams, with relative heights and width of beds 
a t  frequent intervals along their courses. 

( ii ) Width of narrow bridges. 
( iii ) Village trij unction pillars. 
( iv ) Forni-lines a t  an npprosinlil.te vertical interval of 20 

feet in Bhopiil State only. 
- ( v ) Density of vegetation in four groups-i.e., under 50, 

50 to 100, 101 to  160 and over 150 trees and bushes 
per acre. 

( vi ) Nonlenclnture of vegetation, i.e., the type of tree and 
bush. 

(vi i)  Percentages of different types of vegetation. 
( viii ) Cultivation limits. 
( i x  ) Kuns growth ( most importctnt from the C.T.O. point 

of view ). 
( x ) Fallow land, recent or old. 
( xi ) Pot holes. 
( xii ) Waste land. 
( xiii ) Stony, etc., wastes. 

( c ) Fair-~nu]~ping.-As the plans were urgently required it was 
decided that fair drawing would only delay publication and the 
quickest way to produce the plans would be by completing the 
plane-table sections themselves for all accessory work, lettering, 
etc. To achieve this, however, with some degree of uniformity, 
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every endeavour W ~ H  nmde t o  co-ordinate the drawing of plene- 
tablers in the field. Hand-pririting by the Plane-tablern could not 
easily be so co-ordinrtted, and, ae typing would have been a lengthy 
process, a separate ~ect.ion of tlraftsnlen wm specially maintained to  do 
the hand-printing. The plano-tablers were not perrlutted to hand- 
print anything on thoir sections, but were required to enter all in- 
formation on a field trace which, in addition to being a guide to  the 
drafbmen for the hand-printing, aho bccanls the tolour guide to  
facilitate reproduction. 

The plans were printed with detail, form-lines and hand- 
printing in black, a yellow wash for cultivation and a light green 
wash for orchards and areas with a density of over 50 trees and 
bushes per acre. 

No. 2 PARTY 

Ofirrr i n  rlrrtrgr :-Major D. N. Sher~ne, Engineern. 

6. General.-The party carried out ground verification, 
levelling and triangulation for the Chambal Hydel and Irrigation 
Project covering parts of Rlrja~thIn and Madhya RhRrat in sheets 
45 0 and 54 C. 

7._. Technical Methods.-Maps on 4 inches to .  1 mile scale with 
generalized contours a t  one foot vertical interval were required. 

( a ) Triang1~1ution.-The following fipecifications were laid 
down for field work :- 

( i ) The average triangular error was not to exceed 6 
seconds and the maximum triangular error not to  
exceed 12 seconds. 

( ii ) The number of zero8 required for 1iorizont.al angles was 
three. 

( iii ) The discrepancy between the value of any common side 
as obtained from G.T. values and that measured by 
Hunter Short Base was not to exceed 1 in 5000. Base 
measurement to  be done a t  approximately 30 mile 
intervals to  provide the above check. 

( iv ) An astronomical azimuth observation was required with 
every Base measurement. 

( b ) Levelling.-Closed circuits of secondary levelling were run 
along the perimeter of the area under survey. Tertiary levelli~ig 
lines a t  approximately half-mile intervals were run between aecon- 
dary bench-marks. 

The closing error in any line of tertiary levelling was restricted 
to 0.1 1/M feet where M indicates the length of the line in miles. 

8. Description of the Country.-The country is generally 
slightly undulating, interspersed with streams and ravines. Com- 
n~unications were fairly good. 
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No. 3 PARTY 
* 

Oficer I I I  r h r g e  :-- Mr. T. M. C. Alexander, to 15-10-51. 
Major C. JL. Snhni, Engineere, lioln 10-10 -5 1 

9.  General. -The party was employed on extra-departmental 
surveys for the South BihEir Irrigtttion I'rojectu required by the 
Government of BihBr . 

10. ~echAica1 Methods.-The Government of BihLr required 
this survey for the planning of irrigation ohamels. Maps on 4 inches 
to  1 mile soale were required showing all topographical features, 
contours a t  one foot interval nnd bench-marlts i~pproxirnately 4 mile 
apart. 

Maps were compiled from air photographs on the 2 inches to  1 
mile scale. Contours wore interpolated with tho help of spot heights 
obtained by tertiary levelling. 

( a ) Planimetric cont1.01.-Triangulation and precise trl~vorse 
were carried out, starting and closing on Geodetic Triangulation 
stations to  provide planimetric control for the air survey combina- 
tion. All stations and intersected points were pricked through on 
the 2-inch photographs of the area. 

( b ) Height control.- 
( i ) Tertiary level lines were run approximately 40 chains 

apart, starting from and closing on secondary or 
double tertiary bench-marks and these levelled heights 
were pricked accurately by levellers on the photos. 
Thus a mesh of levelled heights for interpolation of 
1 -foot contours was provided. 

( ii ) Tertiary bench-marks were cut about 4 mile apart, on 
wells, culverts, bridges, milestones, bases of trees, 
P. W .D. pillars and embedded stones. 

( c ) Ground veri$cation.-All detail which could not be clearly 
indentified on the air photographs, even under fusion, was verified 
on the ground anti special coluur traces prepared. Cli~iometric 
reedings were observed to isolated hills from levelled bench-marks 
and their heights computed later for entry on the fair sheets. 

( d ) Combination plot.-Projection was done in Grid terms and 
a combination plot prepared by the normal radial line method. 
Air survey sections were compiled a t  the photo scale of 2 inches to 
1 mile and later enlarged for publication on the scale of 4 inches to 
1 mile. 

11. Description of Country.-The area was open and gently 
undulating except in the vicinity of the hills in the south. Villages 
were approximately 14 miles apart and most of the trees were in or 
around t,he villages with a few trees in the fields. The main crop 
grown is rice which is usually cut in November/December. Wherever 
water for irrigation is available the fields are heavily irrigated till 
mid-November. Rabi crops are scanty. A number of small 
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non-perennial stream8 exist in the area. In the dry season moat of 
tho  unmetallod r d e  are deeply rutted and rnotorable only with 
difficulty, whuruae eome of the ordinary cart-tracke offor more corn- 
Sortable motoring. 

I 2. Miscellaneous -The healt h of personnel remained good. 
Paludrillc was regularly supplied w rt safeguard against malaria. 
Tho climate was good and healthy for work till the end of January 
1962, after which occasional showers and storms hampered tho 
progresb of work. The temperature alao rose considerably and 
caused "shimmer" early in the day, thereby making observations 
difficult. High winds prevailed after February 1952. 

No. 4 PARTY 

OJicer in charge :-Mr. L. J. Bagnall. n . 8 ~ .  

13. General.-The party continued work on the 4-inch irri- 
gation Hllrvey in the Priority I1 area of the Gandak Barrage Scheme 
in Sl~cc% 7 2  K. 

14. Technical Methods.-The technical methods employed 
for areas for which air cover was available have been fully described 
in para 15 of the Technical Report 1951. Certain areas, however, 
were not covered by air photography, and the method adopted of 
levelling-cum-plane-table traverfie was as follows :- 

Relevant portions of the I-inch topographical sheets covering 
the area, were enlarged to %-inch scale and blue print plane-table 
sections supplied. Levelling was btarted from a bench-mark, the 
position of which was identified or resected on tlie plane-table 
section. A ray to the next bench-niark was drawn on the plane- 
table section, and its position plotted by means of stadia distances. 
No chaining was carried out. The t1-n\.ersrs were adjnst,cd a t  inter- 
vals of 3 mile to  1 mile on to detail that could be identified on the 
plane-table section. 

I n  recess, outline originals were prepared by direct tracing of 
detail from photo-mosaics prepared on the 4-inch scale ( approx. ). 
Contours were interpolated from the mesh of levelled heights. 
Later it  was decided to drop this method of direct tracing fro111 
photo-mosaics, and air survey compilations on 2-inch scale were 
made. The 2-inch air survey sections were fair drawn for enlarge- 
ment and publication on the 4-inch scale. 

15. Description of Country.-The area surveyed consists of 
flat cultivated plains with numerous ponds, mango orchards and 
several perennial streams and marshy areas. There are many 
unmetalled roads throughout the area. The few metalled roads 
that do exist are, in most cases, under repair. Numerous local post 
offices are spread throughout the area. There are severd die- 
pensaries in the interior, but they sometimes lack even ordinary 
medical equipment. 

1 
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16. Climate.-Frequent sand etorlns wore experienced during 
April and May 1951. The weather during this period was very hot,, 
and out-turn slowed down slightly. Frorn the ~niddlo of November 
1951 to  the middle of Marc11 1952 conditions were quite ploc~sant. 

17. Miscellaneous.-Considering t h i ~ t  the fiold Reallon wai~ 
cnrried on through the hot months of April i ~ ~ l ( l  M ; L ~  1051, the health 
of the party wt~s,  in general, quite good. 1';~luririne wits rogol;vly 
taken by all nic.tnl,era i L 8  a satigiiard against Mnlariit. 

No. 13 PARTY 

OJirrr in ch~lrp,:- 
ALajnr 0. 1'. Annnd, A.M.I .S .  ( Ind. ). Engineera, to 2 1-10-5 1 .  
Shri P. S. Shinghal, a.E., A.M.I.E. ,  froru 22-10-51. 

18. General.-The party continued to be employed chiefly 
on irrigation and settlement slurvey work in connection with tho 
Bhskra Dam Project for the Punjab Government. I n  addition to 
this principal task the following surveys were also completed during 
the period under report :- 

( a ) 6-inch survey for 4-inch maps of Reserved Forests in 
sheets 53 C nnd G. 

( b  ) 14-inch verification survey in three 1-inch sheets in 
degree sheets 53 B and F. 

19. Technical Methods.-( i ) BhGkra Project Work.-The 
method of work has been described on pages 26, 27 and 28 of the 
Technical Report 1947. Rectangulation was done to 100-acre 
rectangles only, but levelling was broken down to 25-acre rectanglee. 

( ii ) 6-inch survey of Reserved Forests.-This survey was done 
by ordinary plane-table traverse methods, using as control the forest 
bounda.ry pillars that had been fixed by running theodolite tra- 
verses of 1 in 2,000 accuracy. 5-foot contours were surveyed by 
clino-pole. 

( iii ) 14-inch verification survey.-Tllis was completed by 
ordinary plane-table methods on grey prints of the outline of the 
standard 1-inch sheet. An overdrawn mesh of the 100-acre rec- 
tangulation corner stones, wherever available, was used as the 
principal control for plane-table fixings. The field sections were 
inked up completely on the ground in appropriate colours. 

20. Description of Country.-The area rectangulated and 
levelled during the period under report is all flat plain, mostly 
cultivated, with numerous villages. I n  KarnBl district there are 
extensive patches of dh6k jungle and low tl~orny bushes, whereas in 
the north-east portions of AmbBla district the traverse camp met 
with stretches of broken and undulating ground at  the foot of the 
SiwBliks. Much of this cut-up country is unsuitable for 100-acre 
rectangulation and subsequent contouring at  1-foot vertical interval. 
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The Reserved Forest areas in Karniil district conaieted of 
patches of fairly denee mixed jungle oomprbing dhcZk and babtil trees 
which required a fair amount of clearing in order to run plane-table 
travereee. 

21. Miscellaneous.-The accuracy of traverse work in the 
B h a k ~ u  area, this year, was below the required rstandard. The meson 
is traceable to  the trianguhted framework being somewhat out of 
sympathy with the exterior 3,000-acre corner etonee of the pre- 
vious year. This in turn resultecl in the accuracy of 100-acre 
sub-ruutangulation droppi~ig as low as 1 in 700 against the accuracy 
of 1 in 1,000 aimed at. 

A oompa,rative study of out-turn shows that the overall monthly 
out-turn on Bfikra eurvey work has been improving fairly steadily 
and that, given fair opportunities, the forecast averages for 11952-53 
could be as tabulated below :- 

Type of work involved 

( Field Work ) 
( i ) 3,000-acre rectangulntion . . 

( ii ) 100-acre rectangulntion . . 
( iii ) Tertiary levelling net . . 

( Hece.88 Work ) 
( iv ) Compilation and Mapping 

E xpected average 
out-turn per rnnn 

per lnor~tl~ 

- 

Sq. milea 

66.5 

12.5  

21.0 

7 .6  

Range of 
poseible I Locality 

Huctuation , 

I 

% 

PEPSU and the 
PUNJAB. 

. . 



IV. TECHNICAL NOTES, EASTERN CIRCLE 

DIRECTOR :-Culonel kL. 'I'. 1,. Rugc.rs, M.A.  ( Cnntclb. ) P.R.I.c.Y., M . I . N .  ( Irid. ). 

-/ Shrl M. hl. Cnnapnthy, n.a., tu 144-51 and froln 21-5-51 to 
14-1-52. DY' Mr. J. U. Berry, from 16-4-51 tu 20-5-51 ( currelit clutlrs ). 

1Lt.-Cul. J.  S .  Puhtal. El~glriears, from 1 5 1  -52. 

22. Summary.-This report deals with the tsohnicd work . . 
carried out by the followir~g parties :-- 

No. 5 l'i~l-Ly. 
No. 9 l'arty. 
No. 11 Yi~rty. 
No. 12 Party. 
No. 18 ( Boundary Survey ) l'urty. 

There was no new change in the methods adopted for 1-inch 
departmental and large scale Project Survc?ys. For 16-inch 
cadastral surveys, however, a new method was evolved, which is 
described separately in the reports of the units uotluerrlecl. 

No. 5 PARTY 

O#cer i n  rhrcrge :- S11rl K. C. Gosaln, LA., M.I.S. ( Ind. ), to 26-11-61. 
Mr. H. H. Phillips, n.sc., A.M.I.S. ( Incl. ), from 27-1 1-51. 

23. General.-The original field programme of the party was 
meant to cover only extra-departmental jobs such as 

( i ) the surveying of the d a ~ n  site and reservoir areas of 
the Maniis Project, planned by the Central Water 
and Power Commission, and 

( ii ) Cadastral surveys in the Kamalpur sub-division of 
Tripura State. 

After the fixing of a t,rictngulntion station in Bhutiin and the 
establishing of bench-marks a t  the probable dam sites, further survey 
work for the Man& Project was suspended and, instead, field work 
for departmental 1-inch surveys in sheet 78 D was carried out. 

In  addition, a t  party headquarters, the air survey and mapping 
of tea estates in Assam for Messrs. Jardine Henderson Ltd., Calcutta 
were continued. 

24. Technical Methods.-( i ) MUGS Project Surveys.-The 
Central Water and Power Commission, required :- 

( a ) 4-inch scale maps with 50-foot contours up to the height 
of 1,050 feet above Mean Sea-Level, 

( b ) 32-inch scale maps with 20-foot contours covering the 
probable dam sites, and 
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( c ) the fixing of bench-marks, one at Mothlrguri, in India, 
and one a t  mch of tho three probable dam aites, up 
t'he MnnRs gorge in Bhutin. 

The planinletl-ic: control for ( u ) and ( b ) above wes necessarily 
required, but only preliminary work for the fixing of a t,riangulation 
station, nearer the nrciL, inside Bliut&n, could be done prior to the 
programme for Mitn5s Project surveys being droppod. For deter- 
mining the geographicid 1)ositioii of this t,riangr~latiorl station 8 

Hunter Short B ~ L s ~  oolr~wctioll to NTRLKHOI, .~  11.8. it1111 to SIBANS~LA 
1l.s. ( as n chccli ), ; t l l ( l  i ~ l r  :tstro~loniical it~itr~utll were observed. 

For ( c ) above, to begin with, check levelling by two levellers 
wae carried out between two kl~o\vn bench-nlitrkrs. Then, starting 
from one of the bench-marks rnade iilong the check levelling line, 
the two  levellers uitrried out tsimult~neoua double tertiary levelling 
connecting the C'entral Water and Power ('ommission bench-mark 
a t  Mothiirguri, end thence carried the levelling up the ManG gorge, 
in BhutBn, establishing bench-marks s t  each of the three probable 
dam sites. In all 4'2 -14 linear miles of levelling was done. The 
levellers set up instrume~lts alongside cncli other and observed to 
the same pair of  stave^, rending simul taneousl y. 

( ii ) Gndasfral  survey.^ in Tripurn 8late.-The Tripura State 
government required 16-inch scale cadastral maps of the settled 
areas in Knmalpiir sub-division, and for this purpose it  was decided 
that the best method would be to do air survey by Multiplex. 

The g~.ound ol)emtions consistetl of :- 

( a ) fixing of the planilnetric framework to  control the air 
aurvey, 

( b ) fixing of the plani~netric positions of the village tri- 
jnnctions, and 

( c ) nltuking of (letail r~c~uiretl  for cadustrnl maps, on the 
air photographs, such as village boundaries and the 
limits of individual holdings and p1ot.s. 

For ( a ) above, minor triangulation was carried out based on 
the G.T. basg ATARMURA H.S.-BATCHIA H.S., Hunter Short Baae 
extensions and astronomicsl azimuths were obsel-ved czs checks. 
Thb series of triangulation provided a fitirly close network of trig. 
stations and points scrtttered all over the valley, from or to which 
some theodolite traverse lines were lun thereby providing an 
adequate number of control points for the multiplex air survey. 
Village trijunction pillars were also connected. Astronomical 
azimuths controlled the traverses. 

For ( b ) above, n rapid recolmnissance of the village boundaries 
and trijunctions was tlonc. The locations of these were marked on t,he 
available 8-inch scale photo-mosaics to  assist the triangulittors/trcr- 
versers. This rapid reconnaissance had the advantage of giving 
one an early idea of the extent of the villages and the approximate 
amount of field work required to be done. 



For ( c ) above, the original interltiu~l was that  the state govern- 
ment would provide a suficient liurnber of Amins  wlio, t~fter being 
trained by the Survey of India field staff to reid ancl interpret details 
on air photographs, woulcl help in marking up on alternate 16-inch 
scale air-photo. enlargenlents the linlits of individunl holdings and 
plots. This process is conllnonly known its ' Kh,iintip,u~i '. Survey 
field staff would also nlrtrk up on t,he renli~irliiig air-plioto. enlarge- 
inents the same liniits of irliliviclui~l holdings ancl plots alitl, in 
addition, village limits aiid trijunctions and other itelus of detail 
normally shown on cadastral maps. This niarked set of alternate 
air-photo. enlargements would bc used for the final compilation of 
the cadastral maps. The lnet,llod plitnnecl, llowever, coliltl not be 
carried out its tlie stnte governnlent fiiiletl to provicIc1 tile A ~ t ~ i r ~ s  itnd, 
therefore, to nvoid ~ l ~ l i t y s  ill co~nplrt iiig the fieltl operittions, the 
survey staff proceeded to ciLrry out their own task as well as part 
of tlie ' IL'hiinGpuri ' work, of compiling the list of plot claimants. 

Two srllall areas for which there was no photo. cover werc 
conlpleted by plane-t,able survey iilethods on 16-inch scale. 

( iii  ) I-inch Original Surveys.-In sheet 78 D the existing 
1-inch maps were eithcr surveyetl prior to 1905 or compiled from 
cadastritl andfor  thc7nu inttps of the Bcngal Lalid Records Uepart- 
ment, 19 14-29. Thcse 1-inch maps containetl no contours nor spot 
heights to indicate the general level of the country and the detail 
shown was very sketchy. Original nir survey was, therefore, 
necessary from 2-inch scale air photographs by the principal-point- 
radiiil-line method. The ground work required was :- 

( a ) planimetric control for the iiir survey, 

( 6 ) spot heights in the are;% and the marking of the contours 
on the photographs and 

( c ) ground verification of detail, collection of liiimes, road 
classifications, etc. 

For ( a ) above, due to the ground being flat open plains the 
planimetric control was provided by theodolite tr'tverse. llistances 
were lneasllred with standardized crinoline t ;~pes and checked for 
gross error by re-measurement with 86-foot c1liiins.- Planimetric 
control points that were easily itientifi :~ble on the air photographs 
and lying generally in the lateral overlaps were pricked on the 
photographs a t  approximately 8-mile intervals. 

For ( 6 ) above, previously selectecl positions for spot heights 
in each 1-inch sheet were connected by tertiary levelling circuits, 
and the precise height points ( staff positions ) were pricked on the 
air photogriiphs. 

The 1,eveller computed his line as he went and marked the 
positions on the air photographs where the 50-foot contour crossed 
the line. The photographs were then passed on to Plane-tablers 
who, by means of a clinometer and clinopole surveyed the contours 
on them. 
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For ( c ) above, normal departmental practice was followed. 
In  the area covered by the Indo-PlikiotAn boundary sheets, 

done by No. 18 ( Boundary Survey ) Party, in 1950-51, supplement- 
ary ground veriticatioli for relative heights, surveyed trees and culti- 
vation limits, liot previously shown on theee boundary sheet($, was 
done with tlie intention of wing these maps in future co~npilations 
of the 1-inch sheets. 

( iv ) Air Survey and stmyyirq of Tea Estatw.-Mes~rs. J a r h e  
Hellderson Ltd., Ci~lcutta recluired 16-inch scale maps ( outline 
only ) of certiti~l of' tl~eir teit estates ill Asaa~n. Fur this purpose 
16-inch elllargelne~lts of 8-inch vertical air photographs were used 
for incorporating information picked up by ground veriticstiori 
during the field season of 1950-5 1. 

Originally, the mapping consisted of the drawing of the out,hle 
origin;~l o ~ i  Kotlatrace and the preparation of a separate nanie 
original on drawing paper, but later it writs foui~d more econonlical 
and simpler to conibine the two originals into one by hand-printing 
names on the Kodatriwe out.line original. 

25. Notes on Out-turn.- 
( i ) I n  the Manas area, up the gorge from Mothlrguri the 

levelling operations were done under difficult condi- 
tions due, mainly, to the density of the forest growth 
extending to the water's edge in ~ilost places, and to 
the lack of Nuitable ground for settting up instruments 
because of the precipitous nature of the gorge slopes. 

( ii ) In the Kalnalpur sub-division of Tripura State some 
delays in the tra~lsportation of stores and carrip 
equipment during moves of camps occurred due tjo 
the non co-operative attitude of some of the local 
people. In the later half of the season, when ' K h Z n Z -  
puri ' operations ljegan the situation, however, 
improved. 

No. 9 PARTY 

26. General.-The following jobs were carried out by the 
Party :- 

( i ) Air survey conlpilation and ~napping of an arm of 
752 -9 square nliles, fitlling in sheet So.  73 1 in the 
districts MBnblifinl and Hazlriblgh in Bihiir on tlie 
scale of 6 inches to a mile for t'he Diimodar Valley 
Corporation. 

( ii ) Ground control and ground verification for 4-inch Kosi 
Irrigation surveys in Purnea and Bhiigalpur  district,^ 
of Bihiir ft~lli~lg ill sheet Nos. 72 N and 0, to 111oet tlie 
requirements of Chitral IVater and Power Conimission. 



27. Technical Methods-( i ) Upper 1)Grrrodur C'ulle!] LS~~rveys.- 
The usual principal-point-radii~l-line ~llethod was t~doptecl for air 
survey cornpilatioil which wi~s basecl on l~llt~riliietric colitrol of 0110 

point in every 3-4 miles density, fixed by triulgulutio~i ill the field 
season, 1960-51. Contouring ~ L L  10 feet vertical intervt~l was 
carried out on photogritphs, e~ilerged to 6-i~lcli scale, using' height 
control fixed by levelling iu the previous seasoli. Fair drawing was 
done on ICotlatri~ce, outli~le ill black and contours in wliite. 

( i i  ) Kosi 1t.riyution Suruey8.--( u ) The previous nletllod of 
Laying stoiiev 30 chains apart with sir survey coruphtion from 
&inch photo. eillnrge~nents wi~s inodifiecl as in sub-pnn~ ( b ) below, 
for the followilig reasons :- 

( i ) Existing 1-inch surveys of tllc iLrecL were of' recent tluto 
and agreed very well with the photogn~phs. 

( ii ) Ylaili~netric ;~ccuri~uy of 1-inch nlaps was acceptable to 
the indentor for the irrigation illaps. 

( iii ) Cost of survey was to be reduced. 
( b ) Neio tnetlbod of Surveys.- 

( i ) Ground verific:~tion was carried out on 3 hiches to 1 
nlile scale contact prints for subsequent revision 
of detail on ?-inch cnlargenlents of 1-iucli maps. 

( ii ) Stone Ik~ying a t  30 chains apart w i ~ s  replaced by the 
provision of semi-permanent bench-marks about 30 
chains apart, on naturid and urtificiid seini-penna- 
nent objects like paliku wells, culverts or tree roots 
Spot heights i ~ t  npproxinlately 10-chain interval 
along tertiary lei elling lines were providetl to control 
1-foot contouriilg . 

( iii ) Single tert'iary levelliug was controlled by double 
tertiary levelling which, in turn, W ~ L S  based on 
secondary and/or precision levelling in the area. 
Tertiary level lines approximately 10 miles in length 
were run norttl~-so~~tll  iJS the ground was generally 
sloping in this direction, thus facilitating interpola- 
tion of contours. 

All spot heights ~ ~ n d  bench-mark positions were identi- 
fied on the ground and pricked in oil %inch air 
photographs ( contact prints ) by the levellers. 

( iv ) The degrec of accuracy i~irned a t  was .008 feet per mile 
for double tertiary levelling and 4 5  feet per illile for 
single tertiary levelling, which was easily achieved. 

28. Notes on Out-turn.-( u ) The Party out-turn for levelling 
could not be ~nuch inlproved for the following reasons :- 

( i ) Lack of good transport fiicilities in the area. 
( ii ) Some computers under training were put on the job 

and some of their lines had to be revised. 
( b ) The out-turn for grourid veritication was satisfactory 

being over 2 square miles per working day. 
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No. 11 PARTY 

29. General.-The followi~lg nurvey operatiom were oarried 
out by the party :- 

( a ) Air survey on 2-inch ncitle for the rnejor gltrt of the area 
of I-inch sheets 64 1'19, 13, 14 with a view to the 
eventual production of these three sheets on 1-inch 
sc;~lc.. 'I'he portiotls of these sheet's which were not 
air eurveyed, were compiled from 2-inch retiuction of 
4-inch Hirlkud I>am irrigation sheets. 

( b ) Survey, on 1/25,000 blue print enlarge~nents of 1-inch 
sheets, of reserved forest boundarim in part of RBnchi 
district), in ~ h e e t s  73 A and 73 13. 

( c ) Ground control and photo. verification for subsequent 
air survey by Multtiplex equipment ( by Messrs. Air 
Survey Co. of India Ltd. ) for 16-inch cadastral 
maps of Athgarh in Orissa. 

30. Technical Methods.-I. Air Survey ,for Production of 
1-inch Sheets.-The air survey was done on %inch scale. Two 
Icodatrace sections were prepared for each 1-inch sheet, one for the 
north half and the ot'her for the south half. Combination waa 
carried out by tho S l ~ t t ~ d - t e m p l a t e  method. St':ttions and points of 
the existing rninor triangulation, the photographic positions of which 
were pricked in the prcviou~ field searon, were used for planimetric 
control. Height control ant1 ground verification of the photographs 
were also done during the previous field season and was utilized for 
this air survey. 

II. 1/25,000 Blue Print Survey of Forest Boundarie8.-Ground 
survey was curried out  or^ 1/25,000 e~llnrgements of the 1-inch 
sheets cancel-netl. T l ~ e  existing detail on the 1-inch maps was used 
for fixings by interpolation. Such fixings were used as the starting 
and closing points of plane-table traverses run for fixing the reserved 
forest boundaries and pillars. The local forest department provided 
16-inch sketch maps showing the boundaries and the pillars. They 
also provided forest guards to mark these on the ground. Gross 
errors in existing detail and cont,ours on the blue prints, when 
found astride the forest boundaries, were corrected in tohe field. 

III. 16-inch 01-issa Cadastral Survey.-( a ) A new air-cum- 
ground survey method was tried out. In  this method, framework 
and ground verification were carried out, by the Survey of India 
personnel and air survey and fair mapping were to be done under 
contract by Rlessrs. Air Survey Co. of India Ltd., on Multiplex 
machines. It was expected that the advantage of this method over 
the usual ground survey rnethod followed by the State Survey 
Department, hitherto, would be that  the 'Khgniipuri' operations by 
the Settlement staff could be carried out on the photographspri passu 
with the ground verification work by the Survey of India personnel. 
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( b ) In  t,he new ~nethotl, the fieltl operations colisietecl of :- 

( i ) Recon~li~issi~~ice iultl builtiillg of tho ~ t ~ ~ ~ t i o ~ i e  for tri- 
angnl. A t" 1011. 

( ii ) Observations from and to theso stations. 

( iii ) Reconnaissance to find village trijunct.ions, and the 
Guilclilig of white-washetl cainls k ~ t  these positions. 

( iv ) Kecoruiaissi~nce aiicl 11i;~rking on i ~ i r  photographs of 
village boundaries. 

( \. ) Theodolite observntions were c;u.riecl out from the 
triangulation statio11s with ih view to fixing, tbs inter- 
sected points, ila n~;tny of the village brijmlction 
cairns as possibltb. 'L'he reniaining village t,rijunctio11 
~osi t ions ;tntl &Is,) wme e s t r ~ ~  planinletric control 
points were fixecl by tlIleoclolite trltversc. 

( vi ) Groulid \resitiontion cnrrietl out village by village arid 
the plot linlits ~ni~rke t l  up on the 16-inch photographs 
by the Sur\rey of Indin personnel. These same plot 
limits i\-cre also market1 up on the overlnpping 
ucljaccnt photograpl~s i s s ~ ~ e d  to ' Ant ins ' of the State 
Settle111ent Depart ~nent  . 

( vii ) ' h'lGnZpu~*i ' operations, by the ' A I ~ L ~ ~ L S  ' of the Settle- 
ment llepartrnent, including the writ,ing of plot 
lln rribers on the 16-inch 1) hotogmphs . 

( c ) The det,itilecl methotls of the ?&hove operations are des- 
cribed below :- 

( i ) 'l'he aerial photogrt~plly wi~s carriecl out when the 
harvesting was over so that all the field buncls 
appeared on the photographs. Reconnaissance ob- 
~ervrtt~ions for t,riangul:~tion were completed before 
photography. The iutersectecl points consisting 
111ostly of villagc triju~lction pillars, which were not 
clernarct~ted on the ground initially, were reconnoit'red 
ancl fixed subsequently by triangulation or traverse, 
i~f t  er the area was photogrnphecl. 

( ii ) 'I'he vi l l~~ge trijunction positions were reconnoitred with 
the help of the villagers ant1 the 'Amins' of the Settle- 
mcnt Departmel~t who consultetl old revenue records 
tbnd 16-inch sketch maps of t,he villages. Mounds of 
earth were built over these t l-i j~~nction positions and 
were white-washed for identification from distlnnt 
hill stations by the t~iangulators. 

'l'hose village trijunctions, which could not be observed 
as triangulation intersected points, wpre connected 
by theodolite traverse from fixed intersected points. 
Whenever a, triangulation intersected point, which was 
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wed w~ the ebrtiug or clotii~rg pint of' traverse, wes 
fixed from two etatiolls only, the horizontal angle 
at the intersected point botween the two triangula- 
tion stations was observed aud the intermcted point 
recomputed to ensure its reliability as the starting 
or oloeing yohit of the traverw. The horizontal 
angle between the ~rext  traveroo station and one 
of tlie hill etetiom wltcl ttlwbys observed a t  the atart- 
ing or closi~rg poilit8 ( whicll were slwaye triallguls- 
tioli i~~tersectetl 1)oillts ) of' il tl.'~\~erse line. This was 
clone to obtain starting and clooing azil~iuths for the 
tra\~eree without reoorting to a s t r o ~ ~ l r i c i ~ l  obeerva- 
tion, unlese the number of c r t n t i o ~ ~  in a line exceeded 
2 O ,  when a Polarb iuillluth o b e ~ r v ~ t i o n  WM made a t  
one of the in t e r~ud ie t e  s t a t i o r ~ .  

( iii ) I11 adclitio11 to the village trijunctioii positions, certain 
additioilal colitrol points, rcquired for hlultiplex 
plotting, as bidicated by the Air Survey (A. of India 
Ltd., were also fixed by theodolite tra\rershlg. 

( iv ) The photo. po~itions of all those traverse atatiolw 
which could be readily identified on the photographrs, 
were pricked in. 

( 1- ) The Lirnit of erSror allowed for triangulation was I in 
10,oO~. 'l'hc limit of error alloivetl for tribvercre wa.9 

in accordance with pant G of the Handbook of Topo- 
graphy, C'h:tpter IV .  

vi ) The limits of villages and those of intLi\riduel plots 
were marked on 16-inch photogluplis as pointed out 
on the ground by the Settlement 'A2uimD in con- 
sultation with the owners of tlie plots and the rouglr 
\-illage slietcll ]naps ilnrl otlrer oltl recortls izvitilablo 
with them. 

Whenever any point forming a belid itlong a plot lili~it, 
wits ~ i o t  clearly identifiable on the ph~t~ograph,  it,s 
position was obtainetl by grcbuntl measureilients from 
other clearly identifiable sharp points. These 
me;tsurenient,s \yere recorded on the biick of the 
pllotographs. Such nleasure~nent's were al~nost 
invarii%bly necessiwy where a 11umber uf plots fell in 
a small area. MTllere bhe congestion was too iiluch 
to i~llow for legible recordiug of ~llei~sured distunccs, 
enlargenlents 011 32-inch scale of the cougested por- 
tion were prepitred either by plane-tabling 011 blank 
pieces of dl'il~'i1lg psper or \+it11 the help of propor- 
tional coiilpesses. Ihplicate copies of such enlarge- 
ments were supplietl to the 'Amins' for recording the 
nuiilbers for t.l.rc plots itt the time of ' I<ht~nFipuri' 
operattioils. 



( vii ) I t  was cor~idered that durilig the tiltie a11 ' A N L ~ I L '  could 
co~uplete the 'Kfimipuri '  opert~tio~le ill village, a 
Survey of India ground-veritier could cornplete 
detailed nlarking of plot liniits in four such villitgetl. 
Therefore, four ' Atnim' were ullottetl to onc: ground- 
veritier for rllarkirig and checking of the plot lirnitv 
on the photographs carried o l ~ t  by the fonner. The 
ground-verifier checked the work of' ei~ch 'Atthin' 
under his charge, in turn. 

( viii ) Two sets of photographs, with plot liniits of a village 
marked thereon, were nlaintained--one set, with the 
ground-verifier and the other with the 'Anbin'. 
After the ground-verifier a ~ u l  t,he ' Atuin' had gone 
over the grouritl together, both the sets were com- 
pared and the set with the 'Amin'  brought into 
ugreernent with that  of the groullci-verifier. The 
' Amin' then started tlie ' Kh6mipur.i ' operations 
with the help of the set of nlarked up photographs 
with him. 

31. Notes on Out-turn.-(a ) The out-turn of the reserved 
forest boundary survey wltv not up to e.upect,;tt,ions on account of 
the following reasons :- 

( i ) I n  nlany places bounclaries were not cleared before- 
hand. 

( ii ) 16-inch sketch maps showing the forest bouildary 
alignment were not readily n\-i~ilnble with the forest 
guards acconlpanyi~~g the l'li~ne-tltblerv. 

( iii ) Some of the forest guards accoinpanying the Plane- 
tablers were inexperienced in their duties. 

( b ) The out-turn of the ondz~strnl survey operations in Orissa 
suffered a great deal due to lack of proper co-operation from the 
villagers. This was to sonle extent owing to the fact that  the usual 
routine notices from the Stat,e government to the villagers informing 
about the settlement survey operations had not been issued. 

The out-turn was further adversely affected because the ' Amins ' 
often made mistakes in showing on the ground, the proper positions 
of the village t.rijunction pillars and the limits of villages it11d plots. 
Thus, about 50% of the cairns a t  village trijunction positions, 
which had been fixed and observed, h id  later to be refixed and 
re-observed. 

For future operations of this type, it is advisable for t,he local 
settlement personnel to erect pukka trijunction pillars a t  proper 
positions, before the Survey of Inclia, personnel take the field. A 
lot of time and liloney would thus be saved. 
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No. 12 PARTY 

Mr. J .  C. Brrry, to 10-4-51 and from 23-5-51 to 2t10-51. 
Shrl G .  H. L)w, M.A. .  A.R.I.c.s., from 11-4-51 tu 22-5-51 ( cur- 

1 rent tlutlue ). Ofices in chorye :- Shri J .  C. Slkka, r.r., frum 10-11-61 to 27-11-51. 
Shri K. C. Goaslo, B.A., ar .1 .s .  ( Ind. ), from 35-1&51 to 9-11-51 

1 andfrom28-11-51. 

32. General.-The party continued to be employed on air 
eurvey on various scales for the Ilepnrtment aa well as for the 
other depart~nents of the Uoverr~rnent of India. 

33. Technical Methods-( i ) Upper M a h i i d i  Reeervoir ; 
Sheet Nos. 64 H / 6 ,  7 and 11.-Complete air survey on 4-inch scale 
with 10 feet contouring was carried out by graphical methods. 

( ii ) B i h r  Mica Belt ; Sheet Noa. 72 L/2 und 6.-There haa 
been no' change in the methods employed for t h  work, from that 
reported in para 35( b ) of tlie Technical Report, 1951. 

No. 18 ( BOUNDARY SURVEY ) PARTY 
( Reduced to the status of a Detachment with effect from the 

12th October 1951 ) 

Ofices in  chrrge :- ajar 8. K. S. Mudaliar B.A. ,  A . s l . r . ~ . ,  Engrs., up to 11-10-51. 
Shri I. C. Deb, ~ . s c . ,  from 12-10-51 ( cts lricharge Drtachmrnt ). 

34. General.-The detachment was employed on ground 
verification, the preparation of guides and correction of proofs of 
the East-West Bengal Boundary Survey maps, which were being 
compiled by Messrs. Air Survey Co. Ltd., London. 

35. Technical Methods.-The ground verification w a ~  carried 
out by running plane-table traverse lines along prominent detail 
based on last year's traverse stations. Distances were rnensured 
by crinoline chain and detail correct within 10 yards was accepted. 
This check showed that the Multiplex plotting carried out by 
Messrs. Air Survey Co. Ltd., London, was generally accurate. 



V. TECHNICAL NOTES, SOUTHERN CIRCLE 

Shrl B. N. Sahn, M.SC., M.I.S. ( Ind. ), to 5-11-1951. 
Mr. J. C. Btrrry, from 6-1 1-1951 to  14-1-1952 ( current dutiee). 
Mr. I?. A.  Thomas, A . I ~ . I . ~ : . Y . ,  M.I.S. ( Ind. ), from 15-1-1952. 

DY. DIRECTOR :-Mr. .I. C. Berry, from 1-1 1-1951. 

36. Summary.-During the period under report the following 
units were under the administrative oontrol of the Direotor, Southern 
Circle :- 

No. 6 Party. 
No. 8 Party. 
No. 10 Party. 
No. 17 Party. 
No. 4 Drawing Office. 

Brief reports of the various survey operations carried out by 
the above mentioned field units have been given in the General 
Report 1952. 

The technical methods employed for the various types of surveys 
are given below in the reports of the respective units. 

No. 6 PARTY 

Shri M. R.  Nair, B.A. ,  A.M.I.S. ( Ind. ), to 1-7-51. 

Oficer in charge :- 
Shrl B. N. Saha, ~ . s c . .  M.I.S. ( Ind. ), from 2-731 to 1-8-1961. 
Shri bZ. R.  Nalr, B.A., A.M.I.S. ( Ind. ), from 24-61  to 31-10-51. 

(Major .I. A.  F. I)nlnl. B.A. ( Hons. ), Engineera, from 1-11-51. 

37. General.-The party carried out the following surveys 
during 1951-52 :- 

( a ) Blue-print surveys in sheets 46 GI14 and 16. 
( b ) Air-cum-ground surveys for the UkEi Reservoir 

additional area in sheets 46 G and K. - 

( c ) Fair drawing of KBkadEp5r R,eservoir sheets. 
( d ) Theodolite traversing and triangulation for settlement 

surveys in Kutch. 

38. Technical Methods-( a ) Blue-print Survey.-The normal 
ground survey methods laid down in Chapter V of the Topographical 
Handbook were followed using zinc mounted plane-table sections. 

( b ) Air-cum-ground survey, Ukiii Reservoir. Additional Area.- 
The original survey demand was limited to the 310-foot ( above 
Mean Sea-Level ) contour but was later raised to include the 400-foot 
contour. The survey of the additional area thus demanded waa 
taken up during the field season under report ; the survey and fair 
drawing for the area originally specified were completed earlier. 



SEC. v ] TECHNICAL NOTES, SOUTHERN CIRCLE 39 

Detail was compiled from vertical photographs using Slotted- 
template and graphical plotting methods. Supplementary heighting 
was carried out in the field using black printe of the air eurvey 
compilations. Vertical angles were measured with theodolite and 
dbtanoee were scaled off the black prints 1x1 compute heighta. 
Contouring end ground verification of air-compiled detail were then 
completed on the ground. 

T h h  additional area necessitated a change in the lay-out of 
eheete ( rendering the nheets drawn earlier useles~ ) and fresh draw- 
ing of the wllolc reservoir area will bo undertaken during recese 
1952-53. 

( c ) Pair Drawing of KikadGpBr Reservoir Arm.-The air 
survey compilation including contourilig of about 320 square milea 
of this area was carried out by the Air Survey Company in the 
United Kingdom from ground control provided by this unit. Com- 
pilation of contour and outline originelb: was supplied on mtrafoil, 
strip by strip. The delay in receipt of the compilation, the lack of 
agreement between the cominon edges and ornision of a large 
amount of detail entailed heavy corrections and ground verification 
on photographs which, incidentally, wero different to  those from 
which the originals were compiled both as regar& scale and layout. 
Equally laborious adjustments were required during the fair drawing 
of these sheets in attempting to incorporate these corroctions. 
The fair sheets were proparocl on drawing paper and not on Koda- 
trace. 

( d  ) Topographical Framework for thx Settlement Surveys in 
Kutch.-Thie framework consists essentially of modern travereee 
with main circuits oonnecting C.T. stations broken up further by 
tie-lines and short circuits, except in the northern port.ion where the 
country is suitable for triangulation and Hunt'er Short B m  traverse. 
The ultimate object of this framework is to enable traverses to  be 
run along or close to village boundaries, to fix these boundaries and 
plot them on village plot sheets on a scale of 8 inches to a mile 
to  be supplied to the indentor. The field work for 70 villages was 
completed during field season 1951-52 involving a total of 847 lineer 
miles of traversing and 162 square miles of triangulation. 

39. Description of Country.-( a ) The Ukli Reservoir area 
lies in the densely wooded valley of the TBpti River whose lower 
regions contain patches of cultivation inhabited by the Bhik 
( Adibasis ). 

( b ) The area traversed in Kutch lies in the open treeless plains 
with the tidal flats on the south and the system of low hills in the 
north. 

40. Cost Rates.-As none of the jobs mentioned above has 
yet been completed cost rates have not been included in the 
Table C. 
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No. 8 PARTY 

Ofleer in charye :-Shrl M. \V. Kalnppa, B.A., A.M.I .S.  ( Ind. ). 

41. General.-The party w a ~  employed on the following 
surveys, mapping and framework for extra-departmental project0 
and departmental jobs :- 

( a ) Tungabhadra Project. 
( b ) Pej-UlhBs, ICL1 and Kundalika Valleys of Tail-Watere 

Project. 
( c ) Koyna Reservoir. 
( d ) Navja-Pophli Tunnel of Koyna Project. 
( E ) Bhadra Reservoir. 
(.f  ) Bombay Oil Refineries Project. 
( g ) Miraflores Estate. 
( h ) 1-inch Modern survey. 
( i ) 1-inch verification survey for con~munications. 

42 Technical Methods.-The methods adopted for item ( a ) 
above were described in the Technical Report 1947 ( para 63 ) and 
the methods adopted for items ( b ) to ( d ) in the 1951 Reports. 
The methods used for the remaining five jobs are given below :- 

' ( a ) Bhadra Reservoir.-An air survey map, 50 square miles 
in area, falling in sheet 48 0, on the scale of 8 inches to 1 mile with 
contours at  100 feet vertical interval and showing village boundaries, 
was required by the Irrigation Department of the Mysore Govern- 
ment for capacity calculations, determining the exact area that 
would be submerged by the Reservoir and for getting an idea of 
the compensation to be paid to villagers. 

The area consists of low undulating hills, covered by a dense 
growth of trees, bamboos and undergrowth, interspersed with 
narrow cultivated valleys. Most of the wooded area is State 
Reserved Forest, the external and internal sub-division boundary 
lines of which provided good clearings for running single tertiary 
levelling lines and clinopole height traverses for fixing height control. 

Planimetric control was fixed by supplementary triangulation. 
For intersected points, only such objects as could be clearly identified 
on the photographs were selected. In a few cases, in densely 
wooded area, helios were used at  intersected points for observations 
from triangulation stations. 

A pendant double tertiary levelling line of 94 linear milee was 
run from a G.T. bench-mark at  Hassan t o  the Bhadra Dam Site 
at Lakavalli via Beltir to bring the heights and contours of the 
reservoir survey in terms of spirit-levelling heights. 

The area was systematically covered with heights, about a 
furlong apart, fixed by a combination of single tertiary lines starting 
from and closing on double tertiary level lines, clinometric and 
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clinopole heights thrown to identified pointv on photograph on 
either flank of' the tertiary level  line^, and by barometric height 
tru\rorsen. The last method wm used exten~ively in denwlg wooded 
areas. 

\2'hero identification of' barometric height points on plloto- 
graphs in foreet areas wab difficult, a plane-table traverue, 011 a 
Kodatraw overlay, on the mean scale of the photograylln combined 
with the barolnetric height traverne was run frorn one identified point 
on the photograph to allother. Tlle closing error wne then adjusted 
and the intermediate adjusted traverse s t a t i o ~ ~  were pricked from 
the Kodatrace overlay on to the pl~otograpl~ and the corresponding 
heights were recorded. 

In  one case, where a third identitied poilit wcw availble btwm11 
two identified points of the traverse, the adjusted traverbe station 
pricked on the photographs wae found to  agree within the perrniwible 
error. 

Another method was albo u ~ e d  to identify the pogition of 
barometric height point8 in wooded areas. The height-traverser 
stands a t  an identified point whose height is known, selects a suitable 
point on the photograph whose height he proposes to fix with the 
barometer, orients the photograph in azimuth frorn 3 other identified 
pointe, draws a ray on the photograph in the direction of the new 
point, observes the magnetic bearing from the known height to the 
new point by Ineans of a prismatic col~lpass and coll~putee tho 
distance apart between the 2 points from the mean scale of tho 
photograph. IVith the help of tlie prismatic compass lle then walke 
along the exact bearing and on reaching the distarlce previously 
computed, he records the barometric readings and pricks the point 
on the photograph after checking local detail wherever possible. 
This method wau used for short distances only, involving not more 
than 2 traverse stations or about 200 yzrds away fro111 an identified 
point in an open area. 

Independant checks showed that the heights fixed by a battery 
of one Paulin and two Aneroid barometers were accurate to within 
10 feet, which, considering the nature of t3he terrain, waH satisfactory. 
The results would have been better if all the barometers were of the 
Paulin or the latest type, which could be read to  1 foot. Some 
discordant heights found ciuring t l ~ e  course of the work were promptly 
investigated and discrepancies were traced to certain error8 in the 
calibration data supplied with the barometers, which were rectified 
before using such barometers for further heighting. 

The field observations were made np to u, range of 15 lnilea 
from the base station in distance and 200 feet in height. 

Some of the special precautiolls tal<e~i in using tho barometers 
were :- 

( i ) All the baro~neters were calibrated before the co~u- 
mencement of the field work. 



( ii ) All barolileterrl ill ir battery of' 3 were ci~rried in itlontical 
conditio~ls ill a thickly 1);~tldetl ~4,ootlen box, p:~inhd 
with white lead to  Iit4p riztlii~tion of' heirt. 

( iii ) The box was ilot exposed to direct s~~ll-ligllt. 
( iv ) The box WibS curriod horizont~rlly by a klmlusi in a. sling 

over one shoulder and held firmly under t l ~ c  arm-pit 
while i~loving fro111 one point to i~tlothc~. to  void 
ally jolt to the bnronleters. 

( v ) A magnif'yi~lg glass or the lens of il ~ o ~ l i o t  stereoscope 
was used for reading baronletors more accurately. 

( v i )  The birse observer recortled the ~-eiztli~lgs every PO 
luinutes. The field observers, citnlpil~g nMf;Ly from 
the base station, synohronizctl their wi~tcllt:~ with the 
wittcll of the base station every alternate day and 
corrected the tilllo of previous observations before 
computing their heigll ts. 

Details, including streams in dense \voodacl areas, that were not 
clear on the photographs were verified on the ground and then 
inked up on the photographs. 

( b ) Bontbay Oil Refineries Project.-The survey ant1 prepar i L  t '  1011 

of a nmp of an area, of 6 . 3  square miles in sheet 47 A, on the scale 
12 inches to I mile with contours a t  2 feet vertical interval in the 
plains and 5 feet vertical interval in the hills, wits required by 
Messrs. Burmah Shell Oil Storage and Distributing C'ompany of 
India, Limited. and by Riessrs. Stitiltlard Vacuum Oil Company in 
India for the construction of Oil Refineries. The job was given 
top priority by the Government. 

The area consisted of low ulltlulatillg hills with ~cuttered trees 
and scrub, terraced cu1tiv;ztion nncl tilth foreshore of Trombay 
Island of Bombay. 

Plenimetric control was fixed by supplementary triangulation. 
A pendant double tertiary levelling line of 10 linear miles was run 
from the C.T. bench-mark No. 8/47 A, across the centre up to the 
eastern edge of the area to bring the heights and colltours of the 
eurvey of the Oil Kefirieries in terms of the spirit-levelling heights. 
The stability of the starting G.T. bench-mark was checked by 
connecting it  to 2 adjoining G.T. bench-marks. 

A number of single tertiary level lines were run, starting and 
closing on the double tertiary level line, to  provide adequate height 
control in the area. Clinopole was used to survey the contours. 

Of the total area, 4 square miles were covered by &inch air 
photography taken in April 1950. 'I'he details of this area were 
compiled from enlargements, on scale of 12 inches to  I mile. The 
verification of detail and contouring wits carried out on the ground 
on blue-prints on 12-inch scale. The plane-table sections were 
completely inked in proper colours. The detail and contours will 
be separately traced from the plane-table sections on to Kodatrace 
fair originals during recess 1952 for the final publication'of the map. 
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The remaining area of 2 - 3  square miles, for which no photo 
cover was available, was urirvcyed by normal ground methods. 

( c ) Nirc~Jlorea El.strtlr.--The survey and preparation of n map 
of an area of I . O  squibre rliile in nheet 58 B, on the ncale of 16 inchea 
to 1 mile with ctontouru n C  20 feet \rerticitl interval, wnn required by 
Messrs. hlathtvion Boannquet nntl C'onlpal~y Limited, for determining 
the total wen as well nu the arean under iliffereilt plantation of the 
Miraflores Estate. 

A plane-table triangu1,~t~ion of' tlrc. itr.e;i baaed on elisting 
triangulation d s t i ~  wits first carried 011t 011 4-illcI1 sc;~le. The new 
points fixed on this plibne-table hectioli wcArc subsequently transferred 
on to a 16-inch plane-table ~ection. .4 maill pliinc-table t raver~e 
with heights along the external boundarj, and tie-lines along the 
internal bonndnries of the Estate was then run on the 16-inch plane- 
table section. With the help of these traverse stationu, the details 
and contours were finally surveved by normal ground methods. 
Clinopole was liberally used for surveying the contours. 

The Estate contained coffee, tea, cardamon1 and orange plan- 
t a t ion~  with a fairly tlense growth of' big tall tretm, usccl as shade for 
coffee and cardamom plants. 

This survey revealed that the total acreage of the Estate, as 
previously surveyed by the local revenue surveyor, was in error by 
as much as 25%. 

( d ) 1-inch Modern Survey.-The survey of sheet 47 GI13 was 
carried out hy normal ground methods, based on the re-computed 
old top0 triangulation data. The method adopted for the re- 
computations of co-ordinates arid heights of this triallgulation was 
described in pare 46 of the Technical Report 195 1. 

( e ) 1-inch Verijcation Surzle!/.-The office copy  correction^ to 
communications in sheet 48 P were verified by normal ground 
methods, for revising the 40-mile Road Map of Intiia. 

This work necessitated very frequent moves by the Plane- 
tabler. He was given a squad of 3 Class I\' ser\lixnts, including a 
camp kha2asi and was permitted to  take only the nlinimum amount 
of equipment and private luggage with him. He ahd one khnlaei 
of his squad were provided with bicycles to facilitate quick move- 
ment from one plane-table fixing to another. 

43. Miscellaneous.-It was originally estimated that the 
wages of local mazdoors in Bhadra Reservoir area would be about 
2 rupees per lnan per day. In  actual practice, the nrazdoors had to  
be paid from 3 to  5 rupees per man per day for clearing jungle in 
the area. The locality was thinly populated and the survey party 
had to depend nlostly on nanzdoors, imported by the local Govern- 
ment from outside the Mysore State. 

The cost of surveys and mapping completed in the year under 
report is given in Table C and the remaining projects will be given 
in the future reports as and when their surveys and mapping are 
completed. 



No. 10 PARTY 

44. General.-The party wc~s engaged thl-oughout the yoar 
on training, clepartmental 2nd eutra-clepi~rtmentd mappirlg and 
one extra-departmental ltlrge scale survey. 

45. Training.--The batch of 34 trainees from other circles 
continued their training in fair clrawirlg, tlleodolite traversing, 
levelling and air surveying clurirlg recess 1951. 1)uring this period 
one trainee resigned and one was dischargetl. The remaining 
32 trainees were given t~ conlplete course in 1-inch scale plane- 
tabling (luring the field season 1051-52. This training followed the 
standard syllabus which has already been set down in Section VI  as 
nn -4ppendiu to  the Technici~l Notes of the Technical Report 1948-49. 

46. Departmental Fair Mapping.-l'hc six departnlental 
sheets under fair mapping in the party were drawn i~ccordi~lg to  
the normal rules laid down in the 1)cpartrnental Handbooks. 

47. Extra-Departmental Surveys.-Tho large sci~le ( l/!?500 ) 
survey carrietl out for theHindust811 Airc~.:~ft Limited was esclr~sively 
for planning purposes. The accuracy of position and height wn9 
in conformity with the standards required. 

48. Technical Methods-Rangalore Airport and Surround- 
ings.-This survey on the scale of' 112500 was required by the 
Hindustgn Aircraft Limited in connection with the construction of 
a new runway. One of the requirements was that  the area for 
survey should be divided into 500 feet squares for the purpose of 
soil test. The corners of 1000 feet squares were to  be marked by 
stones and those for the intermediate 500 feet positions by wooden 
pegs. It was not essential for the stones and pegs to  be laid 
exactly on the 500 feet marks, but their co-ordinates and levelled 
heights were to  be provided, and their positions had to  be shown 
in their exact place on the resultant map. Accordingly these 
stones and pegs were embedded by a plane-tabler by plane-table 
traversing methods controlled by 3 trigonometrical points on the 
east, centre and west of the area. After the stones and pegs were 
embedded, one traverser and two levellers carried out the traversing 
and levelling of each and every stone and peg which formed the frame- 
work for the snbsequent plane-tabling which was carried out in the 
normal departnlental manner. Contours were surveyed st 1-foot 
vertical interval. 

No. 17 PARTY 

49. General.-The party was engaged on the MBhi Project 
and Sharsvati Project Surveys, and on survey for the Obstruction 
Chart of Bombay Santa Cruz Aerodrome. 
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50. Technical Methods-( a ) Su~tcc Cruz Aerodrome Ob- 
struction ,Chart on mule 1,!12,000.-This is n special purvey, carried 
out according to the spocificatio~l laid down by International Civil 
Aviation Organization, for the purpose of showing the runways 
of tlie usrodromt: and tlie obstructio~u above a 100 to 1 glide 
angle from the ends of the runwayo. Apart frou the above no 
topographical fst~tures were required to be shown, but all buildings, 
etc., with heights were shown. For this purpose, tho triangulation 
previously carried out by No. 8 Party for the survey on 1150,000 
ecale of the Aerodronle Landing Chart wad utilised, slid H'M uup- 
plerneritocl by triangulation over an area of 45 square ~niles. 
Traversing and levelling of 4 linear miles were alw, carried out, for 
the provision of planinletric and height control. Individual ob- 
stacles within an area of 5 square miles were located by plane- 
table int.ersections and resection# and by theodolite traversing. 

The area consists of plain and open country, only lightly 
built up. 

( b ) Mdhi Project Commanded Area, on ycale r , f  4 imhw to 1 
mile.-This forms part of the survey of the commanded area of the 
MLhi Canal Projoct, Stage 11, and is being carried out for the Public 
Works Departnient of Bombay State, for designing detailed alignment 
of canals, branches and distributaries in the commanded area. 

The method adopted was air-cum-ground survey as dwcribed 
below :- 

( i ) Air photographs of the ares on 4-inch scale were verified 
on the ground. 

( ii ) The area of survey was divided into a 30-chain grid on 
1-inch maps. The corners of this mesh were tram- 
ferred on to 4-inch pllotographs with the help of 
local detail. During plioto ~erificat~ion, stones, 
marking the corners of the 30-chain mesh, were 
embedded in the ground, using photographs 8s 

guide. Later these stone positions were accurately 
resected on the photographs. 

( iii ) Height control for the area was provided by double 
and single tertiary levelling. 

( iv ) Detail survey will be done by carrying out correctiom 
from the verified photogrnphs on 4-inch enlargements 
on Kodatrace of the esisting one-inch maps. 

( c ) Shar6vati Project : Reservoir Area 4 in.hc.9 to 1 tnile. 
Dam-site and Station-Site Areas IG i.ncki~s to I .nt:ile.-This survey is 
being carried out for the Mysore Electricity Department in connec- 
tion with the Honnemaradu Hydro-electric Project. 

Requirements are as follows :- 

( i ) A map on Cinch scale with 20 feet contour interval of 
the reservoir area, i.e., area covered up to  the 1840-foot 
contour, and the area of Talakale valley subsidiary 



reservoir up to the 1760-foot contour, nnd the aroa 
covering half a ~nilo on either side of' the.proposed 
tunnels co~inecting the two rosorvoir aretw. 

( ii ) Maps on 16-inch scale with 10 feet co~ltour interval 
of tho areas of the pl-oposecl clani-site t~ntl power 
station-site of the hydro-electric projct. 

The survey was curried out by nh-cunl-ground ruethods. 

Plimiluetric and height control for the reservoir ibrea, provided 
by triangulation and levelling, was post-pointed on 4-inch enlarge- 
rnents of nir photos. 

The triangulation ill the area was extel~ded fro111 it U.T. base. 

As no levelling line ran through the area, it tlouble tertiary 
levelling line wm carried from Yellupur G.T.S. Bench-Mark to a 
bench-mark established near tho ciam-site by the Mysore Public 
Works Depart.ment. The total distance of t'hia line was 78 rides. 
All the other level lines were run from this bench-nlark. 

The heights of all t,he trigonometrical stations and points in the 
area were determined in terms of the spirit-level net. 

I n  the area above the existing dam a t  Hirebasagar, the water 
level of the reservoir in terms of Mean Sea-Level as obtained from 
locitl authorities was used for the starting and closing of levelling 
lines. I n  the station-site area, esisting heights were supplemented 
with barometric heights. 

Six Aneroid baro~neters were used. Of these, a battery of three 
was kept a t  a base station of known height rtnd the other three were 
carried by tho observer in the field. Barometer and thermometer 
readings a t  the base station were recorded cvery half hour. 
Similarly temperature, bitrometer and time readings were recorded 
by the observer a t  places where spot heights were required. 

Barometric heighting was adopted where the slopes were 
covered with dense jungle and where clinometer or theodolite 
observations were not possible, without extensive and costly jungle 
clearing. The air photos covering the area were verified on the 
ground a t  the time of providing planimetric and height control. 
The compilation will be done by normal air survey methods. 



PART 11. MAP PUBLICATION A N D  OFFICE WORK 

TECHNICAL NOTES 

('olonel [. H .  H. \\'llnc~~i, M.I.S. ( Ind. ), h 6-5-1951. 
Shri K. L. I)hawan. n.4.. M.I.S. ( Intl. ), from 7-5-51 to 17-5-51 

( currt.nt 11ut11.u ). 
( ~ I I I O I I I ~ I  G;iml)l~ir Sil~gh, M . I . \ .  ( 111d. ), from 16-5-51 t t ~  4-1 1-51. 
Mr. H .  11. Critchcll, from 5-11-51. 

(Shri K.  L. L)I~IIH~IIII, B.A., h 1 . 1 . ~ .  ( I d .  ), t t ~  30-0-51. 
Mr. C. T. Hurlry, M . I . ~ .  ( Illtl. ), from 1-10-51 to 33-12-51. 
Mr. H,  hl .  Crltchcll, from 31-12-31 tc) 27-1-52 ( In Midltlon t 4 )  

his tlutie~ at3 L)irrc:tor, hfap Publication ). 
[Sllrl hi.  If. Canqathy, ..A,. fmm 18--I-52. 

VI. PRINTING 

Experi~kients are in progress to renovate time-barred and 
fogged photographic material. The results obtained so far have 
been very hopeful. The success of the experiment will eeve the 
Department a, considerable amount of money. 



I N D E X  M A P S  

INDEX A.-Modern Topographicd Surveys and Compilation. 

INDEX C.-Index showing Project Surveys in hand. 

N.B.-The above two indexes nre the same as Indexes A and C 
which appear in the General Report 1952. 

0. & R.B.-P.O.J.S. 267-8-8--260 bka. 
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