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SURVEY OF INDIA 

TECHNICAL REPORT 
1948-49 

From 15th Augwt 1947 
To jrst March 1949 

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 suspended in 1942 for the duration of the 
war. The resumption of publication of these reports was made 
from the year 1947 in two separate volumes namely. 

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

The General Report, is a brief narrative coverinq a11 work of 
the department and is intended for the information of the Govern- 
ment of India and non-technical readers. 

The Technical Report which has superseded the Geodetic 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

The Technical Report for 1947 covered the period from 1st 
October 1946 to 14th August 1947, after which date India was 
partitioned. The present report covers the period from 16th 
August 1947 to 31st March 1949 and is the first report relating 
only to the Union of India. Future reports will cover approxi- 
mately the period of the financial year which begins on 1st April 
and ends on 31st March. 

The Technical Report is arranged as follows :- 

Part I contains Table C ( previously published in the General 
Report ) giving a detailed statement of areas, out-turns and cost- 
rates of surveys. It also contains technical notes on topographical 
and other surveys, descriptions of country surveyed, notes as to 
weather, communication, availability of food and on other subjects 
likely to be of interest to surveyors. It may also have appendices 
describing new technical methods and equipment. 



2 TECHNICAL REPORT [ PARTS I & 11, 1948-49 

Part 11 deals with the technicalities of map drawing and 
reproduction and allied matters. 

Part 111 deals with geodetic and geophysical operations with 
apecial reference to  the technical aspects of the work, and to an 
analysis of the results. This part is being published as a separate 
volume this year. 

The report is self-contained with indexes, oharts, samples of' 
finished work, photographs, illustrations, etc. 

A Supplement to the Technical Report containing some of the 
information previously published in the Technical Supplement to 
the General Report will continue to be prepared in typescript for 
departmental use. 



PART I.-TOPOGRAPHICAL AND OTHER SURVEYS 

11. ABSTRACT OF TOPOGRAPHICAL WORK 

2 .  In issues of the annual General Report of the Snrvey 
of India publiahetl before the World War 11, the abstract of 
topographical work was explained by three Tablee namely, Tables 
A, B and C. 

Table A showed the area of survey completed on variouh 
scales since 1905 as well as the approximate balance which remained 
to complete the contoured topographical survey of India. 

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

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

Tables A and B will continue to be publislied in the General 
Report although they were omitted in the General Report, 1947. 

Table C is, now published in the Technical Report. 
In Table C, although every endeavour has been made to cal- 

culate the cogt-rates accurately, it is extremely dificult to allocate 
overhead charges fairly to the various cltisses of work. The cost- 
rates shown in the Table C must, therefore, be considered to be 
approximate. The net cost represents the expenditure act~ially 
incurred on the work plus Party overhead cliarpes, but excludes 
expenditure incurred on moving the party to the field and Llepart - 
mental overhead charges. The overall cost is the net cost plus the 
cost incurred on moving the party to the field. The informati011 
contained in this Table is intended to  be useful to those familiar 
with survey organization, in estimating costs in subsequent years. 

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

Indexes A and C published in the General Keport aLso appear 
a t  the end of the Technical Report. The progress of modern 
( i.e., since 1905 ) topographical surveys made by the department 
and of compilations made from our own or other material is illus- 
trated in Index A. The surveys in hand in connection with the 
various irrigation and development projects are shown in Index PC. 



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

Party and description of country 

No. I Party.- 

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

New Delhi Development Survey 
RE. I Rs. I NORTHERN CIRCLE 

Area 

2. Ground verification and con- 
tour8 a t  5-foot internal8 

I month 

40% area undulating, 60% wee flaL built- 
up or wvered with fruit gardene 

20% area on the north aide h a y ,  80% arso 
jlat with g r a d d  slope to& south and 
crossed by sandy beds of dry #tm&m 

*Nett * O v a l l  I 
' CostRateper 

( Scale 100 feet to 1 inch, contours 
a t  5-foot interval ) 

1. Air survey . . . . 

3. Levelling . . . . 

Out-turn 
per men 

East Punjab Capital Site Survey 

oq.mile(ormile) 

( Scale 4 inches to 1 mile, contoura 
a t  6-foot interval in flat area end 
25-foot in hilly area ) 

1. Air survey and incorporation of 
verification corrections end 
fPir mapping 

2. Original ground survey . . 

1 118 1 11.45 82.8 106.2 1 
( linear ( linear 

milee) milea ) 

Job inoomplets, inaxporntion of 
verifieetion comeations and fair 
mapping in hand. 

Tnmgd&ion of 26.4 nq. miles was 
done in 1945. 

For explanetion of 'nett' m d  'overall' r a m  page 3. 



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

Party and dewription of country C h  of work 
( including scale and V. I. ) 

6. Height omhl . . . . 
6. Triangulatuion . . . . 
Complete job . . . . 

No. I Party.-Contd. 

City area, largely buiU-up . . 

4. Travereing . . , . 

: KZnpur ( Cawnpore ) Development 

I S-ey 

I ( Scale 10 inch@ to 1 mfle, without 
contoura ) 

1. Post-pointing of trijunction 
pillsra for control 

eq. m. 

292 
( linear 

miles ) 

97 

46 

464 

eq. m. 

39.33 
( linear 
miles ) 

14.85 

46.00 

3.5 

Re. 

38-7 

71.7  

21.3 

180.5 

Re. 

50.0 

92.4 

27.3 

243-2 

NORTHERN CIRCLE.- 

I 1 Complete job . . . . I 60.3 1 ' 0.66 j m.4 / 576.8 1 

1 I 
I I I 

City arm, mdula6dng at p k ~  . . ( Scale 16 inches t6 1 mile, with 10- I 
foot contoure ) 

I I I , 

Contd 

I 

For explanrtion of ' nett' m d  a overall ' rntm *re pgc  3. 



I , I 
I 

I I / sq. m. sq. m. 1 R s . 1  
I 

No.l.1 Party.-Contd. I I I I , Contd 
Rs. ! NORTHERN CIRCLE.- 

I 

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

I 

I I Cost Rate per 
I 

Claas of work 1 out- tom1 s q . m i ~ ( o r m i ~ 3 )  1 

1 1. Traversing . . 
I 

Party and desoription of oountr~  I ( inoluding cLnd V. 1. ) ' h a  I per man 
I 1 per month 

- 
63 ! 30.00 1 40.2 60-9 i Job incomplete, incorporation of 

I I verification correction and fau I milea ) j miles ) mapping in hand. 

R m a ~ g s  
I -i 

; 2. Ground verification and con- I 9 1 .1  I 1226.7 1633.9 ' 
I to-g I I 

i *Nett *Over& I 
I I I 

i 
j 3. Levelling 

j 
1 

Survey of Agra Central 
I i I 

I I 
I i I 

I City a r a ,  morlly built-up gmrnd uneven with ( W e  32 inchea to 1 mile and con- I i I 

muuruls generally 20 to 50 feet hiqh at placea tours at  5-foot interval ) I I 
I I 

I / 1. Air survey . . . . 

I 
I 2. Traversing . . . . 

I 

, 3. Levelling . . . . 

2.1 1 0.2 , 1316.2 1645.2 Job incomplete, incorporation of 
I I veri6aation ammetion and fair 
I 
I I mapping in hand. 

I I 

* For explanation of 'nett ' and 'overall ' rates see page 3. 
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TABLE C.-Areas, out-turns and cost rates of Surveys, Computations and Mapping 

I i 1 I Cost Rate Der 

P&y and description of country 

I I - 
I 

I 1. Triangulation . . . . 11.0 10.0 1 341.0 435.2 

I -- -- I 
I I , eq. m. 

No. I Party.-Contd. 

I 

I 2. Height control . . . . 11.0 1 4-93 1 241.2 312.5 , 
I 

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

I I I - -  
I 

Rs. I 
sq. m. ; RE. , NORTHERN CIRCLE.- 

Contd. 

1 3. Air eurvey and drawing . . 11.0 1 0-86 ! 242.0 302.5 

, Complete job . . 8U.2 1060.2 
1 

I 
1 

I I 

Area 

Hi@ area with fairly detwe jungle . . 

Out-turn sq. mile ( or kile ) 
per man ' REMLBKS 

per month I 
1 'Sett I *OveraU , 

1 

Hilly arcu with open jmglc . . 

Bargi Reservoir Survey 

( Scale 4 inches to 1 mile, contours 
I a t  20-foot interval in hilly area, 
I and 10-foot intervrtl in flat area ) 
I 
I 
I Height control . . . . 
i 
I 
1 Bargi Dam Site Survey 
I 

( Scale 32 inches to 1 mile, contour 
a t  5-foot interval ) 

/ 1. Height control . . . . 

' 2. Planimetric control i . . 

13-04 116.3 168.6 ' Job incomplete, air eurvep in hand. 
I 

I 

For explanetion of 'net t '  m d  'overdl '  ram eee page 3. 



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

I 1 C l ~ s  of work 
Party and deecription of country I ( including acale and V. I. ) 

I 

No. I Party.-Contd. 1 h h n i  River Project Surveys- 
, Applique Slip 

Mounla im area with open jungle . . 1 ( Scale 4 inchea to 1 mile and con- 
tours a t  20-foot interval ) 

! 1. Air survey for appliquh alip . . 

sq. m. 

I KonHr Dam Survey, 
i Valley Project D-* I I 

HiUy undulating country rot.~red vith &me I ( Scale 32 inches to 1 mile and con- 
and open jungle I tour8 a t  10-foot vertioal interval ) 

I 

Out-turn ( 
per man /. 

per month ! 

Coat Rate per 
sq. mile ( or mile ) 

R .  / . ' NORTHERN CIRCLE.- 
Contd. - 

! I. ~r a u r s q  . . I I 4.7 / 0.13 
.. I 

1 148.2 1 1436.1' ' Control w w  p v i d d  by IS~*t.c.l.n 
I ' Circle. 

I KonHr Pipe Lime Survey, Dhodar 
I Valley Project 

I 
Hilly unddzting corrrclry roverrti ~r .* tk  r1rn.u~ ( Scale 6 inches to  1 mile and con- 
and oprn junglp ! toure a t  10-foot interval ) 

1. Air survey . . . . 

i KonPr Reservoir, D-* valley I I Project I 
Hil ly  mndzclatinq cm'ntry c a r r e l  with  d r n ~ r  ( 3 , ca I e 6 inchea to 1 mile and con. 
and open jrnglc tours st 10-foot interrral ) 

377.5 C m h l  wan provided hy E e d e r ~ ~  
Cirole. 

I 1 I .  Air survey . . I 1-70 
I 17.0 1 238'0 1 

298.3 1 Control wsk provided by h t e r ~ ~  
i Ctrrlr. 

For rxplnnst,~on n i  nr t t  ' nnd ' overall ' ratem stw ~ g e  8. 



TABLE C.-Areas, out-turns and cost 

No. I Party.-Concld. I 

I 

Party and description of country 

I Patisla Surveys 
I 

Class of work 

Fairly built-up area surrottnded by high 7till.s ( Scale 16 inches to 1 mile with con- 
covered with pine trees, ek .  tours at 20-foot interval ) 

( including scale and V. 1. ) 

1 .  Triangulation and height con- 
1 trol. 

+ For explanation of ' nett 

ates of Surveys, Computations and Mapping 

Area 

sq. m. 

Out-turn 
per man 

per month 

Cost Rate per 
sq. mile ( or mile ) 

- . . . - - , REUARKS 
I 

I 
*Nett 1 +Overall 1 

I I 

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

Job incomplete, air survey in hand. 

I I 
and ' overall ' rates see page t- 



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

I I Cost Rate w r  I 
I 
I I 

Class of work Party and de~cription of oomtry ( including sule and v. 1.1 
I 

i I 
I sq. rn. 

Bhakra Dam Project 
I 

90% j o t ,  open cultivated plains with about 1 4-inch scale with 1 ft. V. I .  
covered by thorny jungle and 

Out- turn ,  sq .mi le (ork i le )  
per man 1 _ - - -_ - - - 7 - - - . ~  - -  

per month / *Nett *Overall 

sq. m. 1 RY. R8. 

i / Triangulation . . . . 535.0 1 105.0 ~ 6 .2  j 5.7 j 
I 

Traverse and 3,000-acre rectangu- 3043.0 
lation 

100-acre tectanguhtioh . . 3413.0 

I I Levelling. tertiary, compmation . . 3531 17.0 j 84.8 1 106.0 ' 
I I 

Mapping of contourrr a t  1 ft. interval 18 19 7 .5  1 42.7 1 53.4 
on 4-inch out-line 

I I 

Complete job for years under report 141 R . 1 t499-9 1 t624.9 
I 1 

I 

NORTHERN CIRCLE.- 
Contd. - 

?Averages ulrlude a l ~ o  expenditure 
incurred on fieldwork only in an 
area of about 2.200 sq. miles during 
field mason 194849. Mapping 
work in the above a m  a-RR not 
etarted d o r i n ~  the  p r ind  under 
report. 

For expl~nation of 'nett ' and ' overall ' r a t a  soo pago 3. 



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

I I 1 Cost Rate ~ e r  I ! 

No. 20 (Cantt.) Party.- 

Do. Do. 

. j 16-inch Levelling and computation i 6208 i 4601 

i acres i 
i acres 

Lightly buill-up and undulating 8-inch, 5 feet V. I. Original survey 1675 1 985.3 i I 

909.7 Ca&nmc& ( plains ) 3596 of Tambaram, 1 16-inch 'l'rnrerse and computation 1 5935 
Aundh and Old Artillery Range Allahibdd,  
very open. R6mgarh, average congestion 
and open in parts 

I 

Cantonmen& ( P h i m  ), budt-up arm fairly 
heavily congested 

N i a a r y  Lands (Plains ), mostly oprn area  

Cantonmenls ( Plains ), built-up and partly 16-inch, 5 feet V. I. Revision uurvey 

16-kch. 5 feet, V. I. O r i e a l  a-eg 1 3629 1 1.24-9 

Cantonments ( Plaina ), congested built-up 
area 

I I 
' NORTHERN CIRCLE.- 

RS. , RS. Contd. 
I I - 

1.7 I 1.8 1 Rlmgarh, Tambaram, Aundh, Old 
1 
I Artillery Range AllahabM. 

I 
1 

16-inch. 5 feet 1.. 1. Original s w e y  

1860 

16-inch, 5 feet V. I. Fair mapping. . ! 4647 1 . . 
I 

Military camps and airjelds ( Plains and 
10% h i b  ) 40% average colagestwn, 40% 
slight congestion, 20% open 

0.9 ' RSmgarh, Tambaram, Aundh and 
I FtSnchi Camp. 
i 

4.0 , Dehu Road Extension. 

2664 262.9 
I 

i 306.3 
wooded * 

Cantonments ( plains ), 90% very congested. 64-inch Original survey . . I  407 
i 

10% average congestion I 
I 

16-inch, 5 feet V. I. Fair tracings . . / 35475 1 . 
I 
I 

i 

8.4 Meerut, Ambila and Jubbulpore 
: Cantonments. I 

11.6 

7.6 i Rlnchi Camp, Rlmgarh, Tam- 
! baram Cantonment and Aundh. I 

5.3  1 5 - 5  , Jubbulpore Cantonment. 
1 I 

64.7 66.8 Agra and Meerut Cantonments 

i -- I 
1 . 4  1.4 / Agra Cantonment, Airfield Depot 

I Agra d Jubbulpore Arsenal. I 
0.3 0 .3  , Dudhkun* A d ,  Babina Cemp. 

Gummudipuadi, Hakimpet Air- 
I 1 field, Yelehanka krfield Keti 

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

1 I 1 I ( Cost Rate per 1 
I Party and description of countrg 

acre 
Class of work 1 R ~ a r a a ~ s  

( including scale and V. I. ) 
1 *Nett I *Overall I 

No. 20 ( Cantt. ) Party.-Contd. 
I acrea 1 acres ' RB. Rs. ' NORTHERN CIRCLE.- 
i Contd. 

A.O.P. Flight-open area, B h r  Airfield 
lighlly built-up 

A.O.P. Flight-open area, Bidar airfield- 
lightly built-up 

Agra Airfield 

I 
24-inch Traverse for 1 foot con- I 1241 979 1 0.5 I 0 . 6  A.O.P. Flight Deoldi and Bidar 
touring and computation ( Original 

i 
AIF, HyderlbM State. 

survey ) 

64-inch Traverse for 5 feet contour- ' 250 83.3 23.0 27.4 Ferozeporr Cantonment BBzL 
i n  and computation ( O r i g h l  1 1 ( E.P. ). 
survey ) I I 

I I 

24-inch Levelling for 1 foot con- / 1241 496.4 1 
touring and computation ( Original I 

survey ) ! 

0.9 1.7  ' A.O.P. Fhght Deokli and Bidar 
A/F, HyderibPd State. 

16-inch Levelling for 1 foot and 1 3030 1190.4 0 . 5  , 0 .8  
5 feet contours and computation I 
( Original survey ) 

Red Port, SImkur Baati O.D. iVo. 3 Wing 
G k z G b d d ,  W.T. Stution hrgaon, Feroze- 
pore Cantt., Jalahalli R.A.F. Camp Gun- 
nery School, H.Q. R.I.A.P., I.E.M.E. 
Traaning Tracks, I.E.M.E. Training S c h l  

16-inch Levelling for 5 feet con- / 18550 
tours and computation ( Original / 
survey ) 

. . 

5200.9 1 0 1 0.2 1 Red F o r h ~ h a k a r  h t i  Ordnance 
I , Depot D e b  No. 3 Wmg GhHz6- 
I bM, W.T. Station Gurgaon, 

Ferozepore Cantt., Jala hallr 
I ' R.A.F. Camp, H.Q. R.I.A.F., ' I.E.M.E. Trainiing Tracks and 

I.E.M.E. Training School Banga- 
lore, Gunnery School Waltau. 

16-inch Levellmg for 1 foot and 5 , 2915 1181.8 1 . 0  0.6 Agra Airfield, Pr iont j  I and I I area. 
feet contours and computation I 

I 

For explanation of 'nett '  and 'overall' rates see page 3. 

I 
( Revision survey ) 1 



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

I i I i 1 Cost Rate per 
1 

I Class of work 
I 

Party and dwcription of country 
( i o c i u c i  sade  and v. 1. ) i i 

Out-turn 
per man 

per month 

acre 

*nett i *OVBPBU I 
No. 20 ( Cantt. ) Party.-Contd. 1 acres 

Konnur Sit* . . I 

I 8 -~nch Levelling for 5 feet con- ) 2600 
tows and computation ( Origiad I 

I survey) 
I i 

Rs. i Re. NORTHERN CIRCLE.- 
Contd. 

I ! - 
0.1 ( Kannur Airfield site mmr Bangalore 

Amb~Io Sador BGzir-Extenason8 congested Original plane-tabling a t  64 inohes / 156.6 / 27 6 11.5 63.5 / Congested B B E ~ ~  a-. 
Biz& Area to  a mile scale with 5 feet contours ( I I 

I 

I 
I 

A.0.P. F l @ w ~ n  arm ; Bidar Airfi~ld . . / Original plene-hbling a t  24 inches 1 230 
I t o  a mile s a l e  with 1 foot contour I 
I I 

Agra airjield enuirmmenl--open czclliva~wn 
with ee&ttered ham&, Red Fort-built-up 
area W.T. Gta.tiolc--lightly built-up arm, 
Ddhi Cantt., Military Lima built-up Canit., 
JalahaUi R.I.A.F. Camp--open area, Gun- 
nery School-open area, H.Q. R.I.A.F.- 
open area. I.E.M.E. Training Tracke- 
open area, Lohegaon AirytdaLopen 
undulating area. I.E.M.E. Training School 
Centre-upen area Lohqaon Airfield 

Original plane-tabling 16 inches to  14078 : 253.1 / 
a mile scale with 6 feat contoon 1 

l 
and revision a t  16 inches to 1 mile , I 
@ a l e  with 6 feet contours I 

I 1 
I 

I 

2 .3  , 2 . 7  A.O.P. Bhght h l i h  md hdar  
I M e l d ,  HyderCib5.d for planing 

i 1 purposes. Survey continues. 

2 .7  3 . 4  &m Airfield Environ~ ( Priority I1 
I area ) Red Port Delhi ; iVirelem 

! : Transmitting Station, G w g m  ; 
, Delhi Cantl;., Military h e n  ; 

I ' Jelsballi R.T.A.F. Camp ; Gunnery 
Schod. W a b i r ;  H.Q. R.I.A.F. 
Bangalore ; I.E.M.E. Training 

! ( Tracks. Bangalore ; Lohegaon Air- 
: field, Poona; I.E.M.E. 'haniq 

1 ' Shoo1 Centre, Bangalore. 

I Agtn Airjield 70:A built-up and 3076 open I Revision plane-tabling a t  I6 inchm / 2155 263.5 1 , , . .  j Agra Airfield. Priority I m. 
j to  a mile with 1 foot contour i I I 

b h q a a  A i r W ,  open and unddalinu Original plane-tabling a t  16 inches 2732 
-dry.. KalaikulGdn Airfield o y n  and , to R mile ncale with I foot contour , 
undulatcng country I I 

I 
1.6 1 Lohegaon dir6ekl. PWM, &hi- / kunds Airfield, Kharegpur. Ria- 

( ritg I erea. 
I I I I i I I 

For explnnetinn of ' not,t ' and ' overall ' mten nea p g e  3. 



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

1 I 
1 Cost Rate per 

No. 20 (Cantt. ) Party.--Contd. 
I 

P&y md demoription of oountry 

I K a n ~ r  arm rodU bwhcs . . 1 Orig~nal plane-tabling with 6 feet 
I 

623.5 1 
I contours a t  8 inches to 1 mile 1 1 scale I 
I I 

Cholovaram A i r - e n  area . . 

I Class of work Out-tnm 

( including scale and V. I. ) I 
i 

I 
Revision plane-tabling with 6 feet 

) contours a t  8 inches t o  1 mile 
320 / lg20.0 I 

t scale 
I 

Cantonment ( Plaine ), congested and semi- , 16-inch scale 5 feet contours Fair 18743 ' . . 
co7qeeted builc4.p wead mapping 

I 

I I 
I 

a m  

Part of congested Cantonment , . 

R ~ u * a a s  

I 

1 
. . ) 16-inch scale 5 feet contouring in I 290 . . I tracing 1 I 

*Nett I mherau  

But%-up site on undulaOing w u ~ y  . . 1 8-inch scale 5 feet contours in tracing j 12270 . . 

I Conguted B624ir a r m  iuidr Canlamed . . / 64-inch male with 5 feet contoura 1 125 / 
( Fair mapping 1 

Re. ! Rs. 

i 

i NORTHERN CIRCLE.- : 
Contd. - 

i Kmmur site for proposed Airfield 
( Bangdore ). 

' Chohvarem Airfield ( Madma ) ; 
I Work discontinued. 

Meerut Cantt., Ambila Cantt., Old 
Artillcry Range AllahHbHd ; R l m -  
garh Camp ; Jubbulpore Arsenal ; 
Agra AXeld Depot ; ARra Cantt. ; 
Ordnance Factory Kllnmaria ; 
Hapur Remouut Depot ; Alipore 
Transit Camp ; Jubbulpore Cantt. ; 
Jubbulpore Jlil~tsry Llnes. 

P.O.L. Stores, Delhi Cantt. 

Dehu Road site E x t e h o n  Survey. 

36.5 86.5 R.A.B.I. and B.C. Biizim. lfeerut 
Cantt. I 

Ai+.ld a open mdukting ploiu partly 
built-up 

*For explanation of ' nett ' and ' overall ' r a t e 8  see page 3. 

16-inch scale with 5 feet contours 1 9886 1 . 0 .5  0 - 5  So.  2 G.T.S. Tambaram; S .W.A.  
Special mapping 

i 
Airfield, Aundh ; U.E.D. J lanaur~ ; 
Hak~rnpet h f i e l d  ; Begampet Air- 
firld. 
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TABLE C.-Areas, out-turns and cost rates of Surveys, Computations and Mapping 

I i I I Cost Rate per I 

No. 5 Party.- 

Party and description of country 

( Field Seuaon 194748 and re- 1948 ) . . Barihakshetra I 
I 1 I I I I 

Steep, heavily cuooded hille . . ( 4-inch scale with 20-foot V. I. ) I I I I 

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

Triangulation and height control / 20 / 6 - 6  ( m . 0  I 215.5 H e i g h t  mntrol carried o u t p a "  
( by theodolite ) I I paem with triangulation. 

I 

Out-turn I sq. mile ( or mile ) 
a I per man i REMAFum I per month / I *Nett I *Overall I 

Triangulation . . . . I 6 1 10 I 133.6 / 143.7 I High cost ia due to great delay in 
etorea reaching the field. 

Hilly, area with dense jungle . . . . 

I Height control ( by clinometer ) . . 1 8011 84.0 1 38.5 / 40.6 1 
i I 

Bihir Mica Belt 

( 1/25,000 scale with 25-foot V. I. ) 

Triangulation . . .*- 

I Jamshedpur Town Extension I I I 

I I I ! 
Undulating with 8irl jungle and cultivated Ground survey ( 16-inch wale 4.5 1 0 . 2 6 /  3215-8 3851.1 H i g h e w t . t d u e t o ~ t d e l a y h  
plains with 10-foot V .  I. ) I I ! stores reaching the field. 

I I 

I 

Fair Mapping ( scale 99-foot to 0.17 1 1491.3 1 1491.3 1 
1-inch with 5-foot V. I. ) I 

I I I 

I 
! 

Undulnling with moll hillodr and cultiva- I ( 4-inch scale with lo-foot V. I. ) I i 1 i 
twn I i 1 I I 

* For explanation of ' nett' and 'overall' rates sco page 3. 

25.5 1 i 
25.8  1 24.2  ' 

i 
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I Kosi Darn Extension I I 

I 
I I 

I I I 

RgaaasES 

Undulating ground with fairly &me jungle 1 ( 6-inch scale with 10-foot V. I. ) 

Undrtlnting country . . 

h a  

I I cost tlste per 
Out-turn ; sq. m~le ( or mlle ) 
per man I 

21 
and eome cultivation 

Steep, fairly heavily wooded mountainous 
slopes 

I ( 4-inch scale with 10 and 20-foot I I Y. I.) I 

I I I 
sq. m. i sq. m. 1 RI. Rs. I EASTERN CIRCLE.- 

I I _IC.____,-.Y~II- 
i Contd. 7 

1 I i 
I 

I I 1 

Party snd description of country 

No. 5 Party.-Contd. 

per month 
1 *Nett 

I 
I i I 

6.6 i 157.4 / 169.5 ' 
I I 

I 

Height control ( by clinometer ) . . 

I 

Triangulation . . . . 317 1 , 3 0 . 9 1  45.0 48.8 ' 

I Height control ( by clinometer ) . . I 141 I 61.3 9.9 10-6 I 

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

KonPr Pipe Line Extension 

+Overall 

( 32-inch scale with 20-foot V. I. ) I i 

I Tikarpka Reservoir I I I 

Triangulation . . . . 

I Height control ( by cl~nolneter ) . . 

Plain with scattered hills -nd jrlngles . . I ( 4-inch scale with 10 and 20-foot 
I ' V. I. 1 I 

1.5 0.48 3379.3 , 3536.4 i High coat is due to great delay in 
etoree reaching the field. 

, 1.5 0-24 1690.0 1768.0 
I / NarPj Reservoir 1 1 

I 



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

I 

I Cost Rate w r  

i 
, Out-turn sq. mile ( or mile ) 

Class of work Party and description of country --- - R ~ I U  ( includ~ng scale and V. I. ) 
1 
I i 1 *xet t  I *Overall ; 

No. 5 Party.-Contd. 
1 sq. ma 1 sq. me 1 h. I as. j EASTERN CIRCLE.- 

! Contd. 

2 4  8 - 5 :  448.1 Triangulation . . 521.1 1 High cost is due to greet delay in 
I 

I I s t o r e  reaching the field. 
I 

, Urn Tru Reservoir 1 I i 
I 

Hills with dense jungle . . , ( 6-inch scale with 20-foot V. I. ) , I I 
I 
I 

I I 

I 
Triangulation . . . . 1 13 1 1.8 ' 1 367.0 391.4 1 

I i Height control ( by clinometer ) . . 1 13 / 9.8 i 183.0 195.0 1 
I I 

I 
( Field .\'emon 194849 ) Calcutta Electrification Scheme I I 

! I j 
Plain and at some placea walerloggtd . . i ( Route survey of Transmission 

Linm ) 

Traversing ( without heights ) . . 

Digha Town Planning 

Snnd hiZb G t h  open p a t c h  oJ ctrltivnlwn. . ( Iti-inch .scale with 5-foot 1'. I. ) 

99 
( linear 

milea ) 

78 
( l i n e ~ r  

milea ) 

24.8 
( lin-r 

miles ) 

20.0 
( linear 

miles ) 

50.3 
( per linear 

mile ) 

37.0 
( per linear 

mile ) 

50.3 
( per linear 

mile ) 

37.0 
( per linear 

mile ) 

Movement to and from field wss 
done in Govt. transport ; hence no 
incre~se for " o r e r d "  ooet -tea 

For explanetion of ' nett ' and ovens11 ' rates - page 3. 





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

I I 
I I I Cost Rate per 

Class of work I Out-turn I sq. mile ( or mile ) 
Party and deecription of country R ~ B K S  

( including scale and V. I. ) per month ' 
I *Nett i *OV-II , 

I I i I I 

1 a q . m . 1  RS. Rs. 
No. 5 Party.-Concld. : 1 EASTERN CIRCLE.- 

1 / i Contd. 
I 

Tertiary eimultaneous double level- 245 ' 11.2 1 0 0 . 2 '  1 0 4 . 0 1  
/ ( linear ( linear ( per linear ( per linear I 
I mile8 ) , miles ) mile ) mile) i 

I I 
I 

10.8 1 133.0 
i I Tertiary single levelling with ) 1277 138.0 Poor out-turn due to work being 

abreast height8 I ( linear ( linear I ( per linear ( per linear , carried out by trainem. 
1 miles) I miles ) ; mile ) mile ) 

I Tea Estates in West Ben@ 
I I 

Tea gar&n with and c u ~ i v a f i o ~ ~ .  . . ( ( 16-inch scale with no contowing ) i I 
I 

I Tra~erse  ( without heights ) . . 68.3 ' 16.8 116.3 137.4 ' High m s t  rs due to slow p-9~ of 
( linear 1 ( linear 1 ( per linear ( per linear the inexperienced officers. 

I miles) ; mllee) 1 mile) mile) 

I 1 Detail veri6cation on photographs 17.4 i 20.1 1 \ 
82.4 1 95.3 I 

I I 

I I 

I I 
I 

I 
I I I 

I 
I i I 

I I 1 I 
I 

I ! i 
For explanation of 'nett '  and overdl ' raton nen pnge 3 .  



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

I 1 I 
I I 1 Cost Rate uer 

I 

Party end description of country 
Claw of work 

( including scale and V. I. ) 

No. g Party.- 
sq. m. 

Kosi Irrigation 

Field Searron 194748 and recess 1948 I I 

Area 

Generally &t ground traversed by many 
water channe., interapereed with patches of 
jungle and high graas. Cultivated area  
interspersed ihth numerow, scatlered trees, 
mango grovee, tanks and groups of small 
village sites ( l o h  ) 

Out-turn per man 

( 4-inch scale with 1-foot V. I. ) 

Traverse . . . . 

sq. mile ( or mile ) 
I 

- 1  

Secondary levelling . . . . 

per month I 1 *Nett *Overall i 

Double tertiary levelling . . 

Photo-marking ( including com- 
bination ) 

h e - l a y i n g  . . . . 
Tertiarg levell&g . . . . 

85.0 
( linear 

milea ) 

194.1 
( linear 
miles ) 

151.1 
( linear 
miles ) 

419.0 

419.0 

2771.8 
( linear 
milea ) 

I I 

I ! 
22.0 1 138.0 

( linear / ( per linear ( per linear 
miles ) I i 

I I 

1 84. m. 
I 
I 
I 

I 

1 60-0 
( linear 1 milea) 

1 
10.6 

I ( linear I miles) 

1 95.0 

I 
i 17.6 

; 37.7 
I ( linear 
1 Jlllles 

i 

Rs. Ra. I EASTERN CIRCLE.- 
I 

i I - Contd. 

52.3 

mile ) 

91.4 125-6 
( per linear ( per linear 

mile ) mile) 

32.5 ! 43.2 
(per linear 1 (per linear 

mile ) mile ) 

I I High cost compared with secondary 
levelling chiefly due to the former / following a cross country route. 

I Low oat-turn due to difficulty in 
tmnsporting storea and per- 
sonnel across the Kosi and due 
to change ip programme in 
March 1948 by the Central 
Waterpower, Irrigation and 
Navigatiou Commission. 

+ For explanation of ' nett ' and ' overall ' rates see page 3. 
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TABLE C.-Areas, out-turns and cost rates of Surveys, Computations and Mapping 

I I I 1 Cost Rate Der 
MA-a -r -.---I- i / out-turn I sq.-mile ( or mile ) - 

KEM ABKY Party and desoription of country 

i 
i 

No. 9 Party.-Contd. I 

blur) Ul  I V U l &  

( including ecale and V. I. ) I Ama 1 zymzh 1 i 

I 1 I EASTERN CIRCLE.- 
sq. m. ; sq. m. RS. Rs. , Contd. 

1 

Kosi Irrigation 
I 

/ Secondary levelling . . . . 

Cfenerally* ground traversed by many water 
channels, interspersed with p a t c h  of jungle. 
Cultivated areaa interspersed with numerous 
scattered trees. mango groves, tanks and ' grovpr~ of emall village sita ( tolm ) 

1 Double tertiary levelling . . 

( 4-inch ecale with 1-foot V. I. ) 

Traverse . . . . 
I 

329.3 1 17.9 72.0 1 89.1 
(linear (+ear ( p e ~ t y  1 ( PU linear ' 

milm ) mlles ) , 
I 

: mile ) I 

119.8 
( linear 

milea ) 

179.8 
( linear 

milea ) 

45.0 1 66-5 ' 70.0 1 
( linear r linear ( per linear I 
milea ) ' m e  ) mile 

23.2 ! 89.6 110.9 
( linear / ( per linear ( per linear , 

miles ) mile) 1 mile ) 

i Photo-marking ( including rom- / 746.0 1 163.4 1 30.1 37.3 : I bination ) I i 
1 ! 

I 
Stone-laying 

1 Tertiary levelling . . 
I 
i 
I 

4428 - 0 
( linear 
miles) 

, 
15.5 90.6 

, J and Xavigation Comm~9s1on 

I Outline sir survey . . . 1 264.6 i 19.8 21.0 1 26.1 , 
I I i 

For explanation of ' nett ' and ' overall ' rates me page 3. 
I 



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

I i 1 I I Cost Rate per 

Class of work 
! 1 Out-turn sq. mile ( or mile ) 1 

Party and description of country I HEY -US 
( including scale and V. I. ) I Are" per man - 

I I per month 
* Kett * Overall 

I I 

No. 9 Party.-Concld. 1 
I 

I Ganga Barrage Scheme 

I j Oq. 1 Bq. n. Rs. I R@. I EASTERN CIRCLE.- 
Contd - 

Cultivated plain. with nurneroua water Triangulation . . . IiR.0 , 62.R 31.1 39 . .i 
channels, amttered heea. m n g o  groves and ( I 

tanks. Low barren hi& and trmta of i 
mur.qh!l ground. Area for trinnglllcztion I 

conslsla of jungle covered hiEI.9 1 
I 

Traverse . . . . 200.7 I 35.8  i0.5 87.5 
( linear ( linear , ( per linear 1 ( per linear 
miles) miles ) mile ) 1 mile ) , 

1 

Double t e r t i a r ~  It~~elling . . , 199.4 44 .4  79.3  98.2 
( linear ( linear , ( per linsar , ( per linenr ' 
mllea) milea) mile) I mile) 

I I 

' Kosi Reservoir ! 

I 

Tertiary levelling . 1650 ' 39.6 40 .3  49.9 , 
( linear I ( Immr ( per linear , ( per linear 1 

I 

Fairly open and moderalely htgh hilh wrfh ( 1100-foot contour, ground demar- : 125.0 1 9.8 141-7 174.8 1 
of cullivalwn a d  jungle cation ) ( linear , ( linear 1 ( per 1- i ( p r  linear , 

j rnllc~ ) milea ) rmle ) mlle ) 

mlies ) 8 mdes ) 
I 

I 

Fctr rxplnn~tion of ' nrtt  ' nnd ' ovrraI1 ' rntm RCP r)flg@ 3 

mile ) mile) I 

Ground ver&cat~on . . . .  476.6 17.6 ; 139.6 
I 



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

I 1 I Cost Rate per 
I Out-turn sq. mile ( or &ile ) 

Class of work 
Party and descr~ption of country p e r m a n  

( including scale and V. I. ) per month 
*Nett *Overall 

No. I I Party.- I 1 m. aq. m. 
RS.  Re. ' EASTERN CIRCLE.- 

I cxd .  - 
Field Seaem 194748  and receaa 1948 ; Hir5kud ( Mahanadi ) Irrigation I I 

I i / stone-laying . . . . 912.9 8-95 45.52 65.69 , Out-turn I& low as about one-thlrd 
I of the total area was covered a ~ t h  
I I 
I I dense forest. 

The ground consist8 of undulating counlry 
with open cultivated a r m  &rating with 
open acrub and scattered trea on high 
ground. Near the hilla the ground ia 
covered with &rise forest 

Secondary levelling . . 

Double tertiary levelling 

( 4-inch scale with 5-foot V. I. ) I I 

Triangulation . . I  140 ' 149 ' 77.83 93.16 I 

I ( 1inea.r ! ( linear i ( per linear j ( per linear 1 Out-tum edreme,y ur I miles) mdes mile 1 , mile ) i I some oftbe lbea h t h  wconhm 

i 

I t e r t i a r ~  had t i  & ( 164.2 1 5 . 4 7 '  
I ( linear I ( linear 1 ( 
1 mi les) ' miles) 

I ' Computation . . 912.9 , 13-83 11.11 I 16.54 I .. I 

I Fair mapping . . . . I  912.9 1 2 . 4 9 '  110.04 129-90 

Photo-marking ( including com- 
bination ) 

Outline air aurvey . . . . 1 912.9 1 19-02 j 55.57 1 68.06 
I 

912-9 16.91 19.59 35.99 

I 

For explanation of ' nett ' and ' overall ' rates aee page 3. 
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TABLE C.-Areas, out-turns and cost rates o f  Surveys, Computations and Mapping 

1 Cost Rate p e r  

Party and description of country 
Class of work Out-turn sq. mile ( or mile ) 

( including scale and V. I.  ) Arcn ' per man - 
I Der month 

No. I I Party.-Concld. 

' Hirikud Dam Site 
! 

I sq. rn. sq. rn. I Rs. RS. EASTERN CIRCLE.- 

I Contd. - 
UndtcMing open qrolrd rclith rorky river bpd ( ( 1/1,000 ~ c a l e  with f-foot V. 1. ) 

I Triangulation . . . . 5 6.5 0.44 I 30.57 43 . 7 i  
I 

Hrteht control hy levellinc 49.6 12 -4  18.1 9 . 4  
I ( linear : ( linear ( per lmear ( per linear 

miles ) , mile2 ) mile ) mile ) 

, 
Pt~r ~ Y ~ I .  lintinn of ' nett ' end ' overall ' ratm 1)ngo 3. 



No. 12 Party.- 

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

sq. m. sq. m. RI. 1 s .  EASTERN CIRCLE.- 
Sivok ( Tista ) Bridge 

Contd. 

1 1 1 I 

I 

Fair mapping . . 60-0 1 60.0 ' 
i 

I &st Hate per 
Class of work I / Out-turn ' sq. mile ( or mile ) 

Party and description of country I ( including acale and V. I. ) I Area I per man _ _ _ _ - -  - - - I  Re~rmus 

I i i per month I I +Nett 1 *Overall 

Hilly ground, ,t.it/~ ffnirlly den-94 j u y l ~  and 
cultivation 

I DeolbHri Reservoir 

HiUy, unduluting ground, with oprn jungle. . ( 6-inch scale with 10-foot V. I. ) 

Pluirre, with jungle varying fram apwm to 
fairly dense, and cultivation 

( 6-inch scale with 10-foot V. I. ) 

Air survey of planimctry . . 

Ground verijication of contours . . 

Complete air sume.r . . . . 

Fair mapping of ground verified 
contours 

2 .4  

( 16-inch scale with 5-foot V.  I.  ) 

Air survey of planimetry . . 

4 . 8  

Fair mapping of ground surveyed 
contonrs 

168.8 169.8 / Indifferent photl)graph\ : r ~ ~ ~ t n l n  
I rapidly sun-eyed. 

37.5 

Includes transfer of air surveyed 
contours t*~ plane-table .sections 
for verification in the fidd. 

37.5 , 

114.2 i 114.2 ' A p p r e c ~ ~ l ~ l e  chlticulty rtxper~~nced 

i , in fittmg thew cont1111ry to the 
I air snrreyerl planimetry. 

I I I 

For explanation of 'net t '  and 'overall' mtcy srcb 3. 
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TABLE C.-Areas, out-turns and cost rates of Survey;, Computations and Mapping 
I 

I Cost Rate per 

C h s  of work Out-turn sq. mile ( or mile ) 
Party and dwcription of country Area per man _ - 

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

1 I 
*Nett *Overall 

I I - - -- .. . . - -. --- - - 

I , sq. m. sq. m. Rs. RS. EASTERN CIRCLE.- 
No. 12 Party.-Contd. I 

Kosi Catchment Cortfd. I - 
Mantuin vaUeys cc~ith open vegetation . . ( 1 inch scale with 100-foot V.I. ) 

Complete air surrey . . . . 65.9 3.9 54.7  3 4 . 7  Partly form-lined. Much time 
spent in identifying detail a t  this 

1 
scale and in sorting out names. 
Cost rate very high for this wale. 

I 

Um Tru Reservoir I 
I 

Heavily forested hiU-sides . . . . ( 6-inch scale with 20-foot V.I. ) I 
I 

Complete air survey . . . . 1 10.8 0 . 5  507.i 507.7 Considerable time w aated ~n ]dent]- 
f?inp control on photographs. 

Geilkhola ( Tista High ) Dam I 
I 

Henzqily wooded, steep, gorge . . . . I ( 32-inch scale with 10-foot V.I. ) ' 
I 
8 Fair mapping of outline and con- 1 0 . 8  U I 1567.2 1.567.2 \-ei-y hcnvy contonnng. 
1 tours 
I I 
I Ib River ( RZmpur ) Coal-field / 
1 ( 1/25.000 wale with 10-foot V.I. ) 
1 
' Fair mapping . . . . 32-0 5 , .i 3 8 . b  38.8 
1 

*For explanation of ' nett ' and ' 01 erdll  ' rates see page 3. 



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

Class of work I Out-turn 
Party and description of country / ( including scale and V. I. ) Area I per man 1 per month 

- - - -- - - - -. -. I -. I -- - . - - - 

i 
No. 12 Party.-Concld. , sq. m. sq. m. I 

Ib River ( Jamga) Coal-field 

Undulating ground i ( 1/25,000 scale with 10-foot V. I. ) 
I 

i Fair mapping . . . . 30.0 6 . 7  

Bokko Coalfield 

HiUy g r d ,  with rnedium jungle . . ( 4-inch s a l e  with 50-foot V. I. ) 

I Plane-table survey of gaps in air 7 . 4  ' 4.4 
I photo~aphy I 

I 
Cost Rate per 

sq. mile ( or mile ) 
- - -- HEMARHS 

I 

RS. RS . EASTERN CIRCLE.- 

Concld. 

I i 
For explanation of ' nett ' and ' overell ' rbtm ees 3. 



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

I i 
I 

Cost Rate per 

Headquarter Section.- 

Class of worlc 
Party and description of country I , including scale and V. 1. 

I 

sq. m. sq. m. Rs. 
Poringalkuthu Reservoir, Cochin 

, Out-turn sq. mile ( or mile ) i 

Area , per man - - -   MARKS 
1 per month 

*Nett Overall 

Rs. 

Densely wooded steep volleys 4-inch, 30 feet V. 1. 

Ground control and computations 13 U.13  93J. 8 1018 4 
1. 

Outllne alr survey . . . 15 2 . 8  97 .  0 !Ji.U 

Contour air qurvey . . I -5 .i. 1 62 4 t i?. 4 

Fair drawing I .i i ti 23 .6  2 3 .  6 

KHlinadi Reservoir 

( Contoured Mosaics ) 

Densely wooded steep valleys, interspersed +inch, 20 feet V. I .  
with jat-lopped hills, undzc2alin.g ground a d  
pat:bs  of open cultivated nreae 

Height control and computations.. 207 ti1 ..i 18.9 -- .).) . 
I 

Contour~ng . . 207 ! ) . t i  19.1 19. I 
1 

Moj Reservoir 

Open undulding country . . . . ' 4-inch, 10 feet V.  I. I 

' Ground control and computations. . 12-3 1 2 . 4  205.  8 265.9  

Outline air survey . . . . 12.3 , 2.!43 56.1 3 8 . 1  

SOUTHERN CIRCLE 

I 
* For explanation of 'nett '  nnd 'oversll' raten ~ e e  0.ge 8. 



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

C'lasu of work 
Out-turn sq. mile ( or mile ) 1 Party and description of c o ~ t r y  ( lnclud~ng scale and V. I .  ) I Area per man - - . - --- 

I per month 1 
i *h'ett I *Overall 

Headquarter Section.-Contd. ; 
I 

I Contour ail eurvey 

sq. m. ~ q .  m. RS. n u .  I SOUTHERN CIRCLE.- 
I Contd. 

1 . 0  
- 

12.5 3'9.2 39 .2  

Fair drawing . . . . 12.5 9.87 23.6 23. (j 

Gavipur Extension, Bangalore 

I Open u,ldulding plain8 intereperaed uilh 16-inch, 10 feet V. I. 
elony wast~ land 

Ground control and computatian~ . . 1.7 1.16 51B.7 748.1 

Outline air survey . . 1.7 0.47 869.8 960.6 
1 

Ground verification nnd eontauring 1.7 0.36 1241.2 1300.0 

Pair drawing 1.7 0 .+;? 279.2  2759.2 

SandGr Town 

Congesled tr,um uith open auhrrrhn nnd culti- 16-inch, 10 feet V. I. 
mlcd plain4 

Ground control and computntions. . 1.25 1.87 

011tline nir sirrrey . 1.00 0.28 

Groond verification and contmt~ring 1.00 0.88 780.6 875.3 , I 
Fair drawing 1.00 0.33 340.0 640.0 

1 

Yrrr erplanat~on of ' nett '  ancl ' overall ' ratm me page 9. 

I 
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SEX. 11 ] TOPOGRAPHICAL AND OTHER SURVEYS 4 I 



111. TECHNICAL NOTES, GEODETIC BRANCH 
( NORTHERN CIRCLE FROM 1-1 1-1948 ) 

DIRECTOR :-- 

'Major R. H. Samw, n.m., to 29--7 and from 2-1047 to 21-2-48. 
Col. C. W. Gemmell, from 9 0 H 4 7  t o  1-1047. 
Eilejor Gamlhir Singh, I.A., from 22-248 to 30-848. 
Mr. K. L. L)hawan, u . ~ . ,  ( current dutiee ), from 1-10-48 t o  

21-1148. 
Mr. B. N. Snhs, M.SC., from 23-11-48. 

Major J. S. Paintal, n.1.s.. fium 84-48  to 304-48 .  DY' :-{Mr. K. L. Dbnwm, B.A., from 1 - I U B .  

3. Summary.-During the period llnder report, the followirlg 
survey units wore undes the admi~listrcttivc? control of tho Director. 
Geodetic Branch ( Nortllern Circle from 1st November 1948 ). 

No. 1 Party. 
No. 13 Party. 
No. 14 Party ( fi.0111 1-1-48 ). 
No. 15 Party. 
No. 20 ( Cantt. ) Party. 
No. 2 Drawing Office. 
Map Record Office ( up to 29-2-48 ). 
Stores Office, Surveys. 
Printing Office ( up to  31-10-48 ). 
Photo-Zinco Office ( up to 30-11-47 ). 
Survey Training Centre ( from 1-9-47 to 31-5-48 ). 

Brief reports on the various survey operations carried out by 
the above mentioned units have been given in the General Report 
1948-49. As the technical aspect of survey work is to  be described 
in this report, no reference is made here to the activities of parties 
employed on work of ,z purely rout,ine nature. 

No. I PARTY 

Mr. Suresh Prasad, to  19-ll-4i. 
Mr. L. J. Bagnttll, from 20-11-47 to 15-348. Ofieer in charge :- Major J. S. Paintal, R.I.E., from 16-348 to 19-9-48. 
Mr. N. L. Gupts, c.E., from 20-948. 

4. General.-The party was employed wholly on paid-for 
aurveys sponsored by the Central and State Governments for 
various irrigation and urban development schemes. The methods 
adopted for planimetric and height control, and the scales and 
specifications of surveys for the different projects are briefly described 
below. 

5 .  Planimetric Control for Surveys.-The existing triangula- 
tion or traverse data was, after checking on the ground, used if 
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found aoourrcte and adequate for the survey in queetion. If found 
inadequate, i t  was supplemc~nt t-d I)y the following :- 

( a ) triangulation ; 
( 6 ) traverse ; 
( c ) in areas of renerved  forest^ already eurveyed on the 

4-inch wale, co-ordinates of salient points identifiable 
on the photographs were ctccurntely read from the 
forest maps and uaed ; 

or ( d ) accurate plane-table fixingcl and auxiliar,~ pointn from 
existing triangulation data. 

Methods ( c ) and ( d ) saved a coneidcra1)le amount of time and 
enabled the maps to he el~pplied a t  a low cost, withill the epecified 
time and with tho sccnracy necessary for tlie purpose for which 
they were required, viz., the working out of capacities of  reservoir^, 
eto. 

All control poirlt~ were mitrked on the pliotographn in the field. 

6. Height Control for Surveys.--Where possible heights were 
based upon spirit-levelled heights, otlierwitre the heights of the 
existing triangulation were accepted. All height points were 
identified and marked in the field on the photographs, supplied to 
the field staff for this purpose.  height^ of old trigonometrical 
intersected points, such as trees, were first refixed from triangulation 
stations by theodolite. Most of such valuee had changed on account 
of the growth of trees, etc., since the time of previous triangulation, 
and new vallies were used as the basis for fixing further height 
control. 

Heights were observed in the field in tbtb undermentioned 
ways :- 

( i ) By Theodolite .--From the existing trigonometrically 
heighted statiom and points, additional heights were 
fixed, by theodolite, about a mile apart all over the 
area and particularly in the valleys. This ensured 
a reasonable densitmy of accurate heights on which 
further control by clinometric heights was based for 
contouring purposes. 

Theodolites were also used in the following W ~ Y R  to 
provide heights correct to 1 foot :- 

( a ) Vertical angles were observed to identifiable 
detail while distances were obtained from 
field charts or air survey sections or subtense 
bar measurements. 

( 6 ) Tachymetry. 

( c ) The theodolite used as a level to give differetlcee 
in heights of points, the positions of which 
were identified and marked on the photo- 
graphs. 
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( ii ) By Clinometer.--Clinometrio heights computed from 
rays over a mile long or from tangent readingn over 
0 . 2  were not accepted, as they were not considered 
to give heights of sufficient accuracy for survey of 
contours a t  10 to 20 feet vertic.nl intervals. 

( iii ) By Paulir~ Hurometer~.-'Phis nletliotl waH adopted in 
beds of stream8 anci slopes coverecl with dontjs jungle, 
where clinometer or theodolite obsel-vations were not 
possible without t~eavy clearing. 

A set of six baronieters was provided for each observel.. 
A battery of three was kept a t  thc Base Station of 
known height and the other three were carried by 
the observer in thc field. Barometer ttncl therrno- 
meter readings a t  the Base Station were recorded 
every half-hour. Similarly temperature, baronicter 
and time readings were recorcleti by the observer, a t  
places where spot heights were required. Correc- 
tions due to temperature and closing errors, tlistri- 
buted proportionately to time intervals, were applied 
to  obtain the final heights of the places of observation. 
The field traverse included as many points of known 
height as possible. 

7. Density and Accuracy of Control.-The following table 
gives an indication of the density a.nd accuracy of planimetric and 
height control obtained in the field :- 

8. Surveys with Brief Description of Country.-( i ) New 
Delhi Development Survey.-This survey on scale of 100 feet to  1 inch 
with contours a t  5-foot interval was required by the Ministry of 
Works, Mines and Power, Government of India, of two areas, one 
to the north and other to  the south of Delhi, for town development' 
purposes. 

Soale of 
air eurvey 

-. ______ 

4-hch . . 

10-inoh . . 
16-inch . . 
32-inoh 

A description of methods employed and of the country has 
already been published in Technical Report, 1947. 

~~enimetrio oontrol I Height oontrol 
-- -- - - 

Deneity Acourecy 1 Density I Accuracy 
- 

Yards apart ( 1 Yarns apart 

4,000 

1,500 

800 

400 

1 in 3.000 500 6 feet 

1 in 4,000 300 3 feet 

1 in 6,000 I 
I .. 

. . 
I 

1 in 6,000 I 60 I l 
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( ii ) Rclmganga  burr^ Site Surury.-The Chief Enginwr, P.\Y.D., 
Project Circle, Luoknow, required this crurrey on 10 inches to 1 mile 
ucale with (.ontour8 generally at 20-foot inte~val. In flat areas and 
aaddle~ contouring was a t  10-foot intelu\.al. Tlie survey oovexed an 
area of 11 uquare n~iles in Kalagarh forestu, IJistrict Garhwll, and 
was required for fixing a suitable uite on the spillway of the propoeed 
Rsmganga Darn. 

Photography, carried out it1 1945 for the preparation of a 
contoured photo-mosaic of the RBmgatlga reuervoir area, was 
available. Enlargements on 10 inches to 1 mile scale of this photo- 
graphy were l~sed for compilation of the map by the radial line 
method. 

Planimetrio control as well as height control was provided by 
methods tiescribed in paras 5 and 6 ( i ) ( a ) and ( ii ) respectively. 

The area consists of low hills covered with dense reserved 
forest8 with abundance of undergrowth, and wild animal0 abound. 
Hills are moetly composed of soft clay. The heights of trees in the 
area vary from 30 feet to 100 feet with the result that the accuracy 
of contouring was doubtful. 

( iii ) PatiCh State Development Survey.-This aurvey, on a 
scale of 16 inches to 1 mile with contours a t  an interval of 20 feet, 
was required by the Chief Engineer, P.W.D., Patisla State, for 
developing colonies a t  Barog, KandaghBt and Chail. 

Planimetric control was provided by triangulntioli vide para 
5 and height control vide para.s (3 ( i ) ( a ) and ( ii ). 

Air survey by the radial line method, using the above control, 
was in hand. 

All the areas are surrounded by high hills covered with dense 
pine and oak forests interspersed with open gpacefi. 

( iv ) Rewa and Satna Toum Surveys.-The Prime Mi thhr?  
Rewa State, required maps of Rewa and Satna towns on the scale 
of 16 inches .to 1 mile with contours a t  10-foot vertical intervals and 
spot-level heights 400 feet apart for planning town developlnent 
and drainage schemes. In the congested area, however, only 
spot-level heights 400 feet apart along roads were required. 

Level heights a t  intervals of 400 feet were fixed bv running 
tertiary level lines. The following procedure enabled four level 
heights to  be fixed from each setting of level and saved a considerable 
amount of time. 

Firstly level lines were run from the existing bench-marks in 
the form of a reotangle round the area of work, fixing semi-permanent 
bench-marlrs about 1,200 feet apart. Accept,ing the vduos of these 
bench-marks, level lines were run a t  right angles to the sides of the 
reotangle. While running these lines, the leveller observed from 
each setting of the level not only to back and forward levelling 
staves, a t  distances of 200 feet from the level, but eho to other 
lmelling staves a t  400 feet distance from the level at right anglee. 
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Air survey compilation \vas cswied out from 16-inoh enlarge- 
ments of 8-inch photography by t,lie rsdid  line nlutllod. 
prints of the outlino soctions were t'sken to the field ant1 detail 
waa verified on the ground ant1 coiltoll~-illg a t  10 feet was com- 
pleted by using the clinopolo metliotl. 

The area was most,ly built Ill). 

Incorporation of verificat,ioll corrections ~ t ~ i ( l  contours was in 
hand. 

( v ) Agra Centrul Railway Stcctiot~ Sur~t.~~.-Tlle survey was 
on the scale of 32 inches to 1 iuilc, u-ith coiltours s t  S-foot verticnl 
intervals in open area anti with levolletl lleipl~ts tnt 200 feet apart 
in the built up area. It urns rocl\~iretl by tlie ('l~iet' 13nginec.1*, O.T.P. 
Railway for planning the construction of orlo ('entral Station in 
Agra common to the B.R. & C.C., the (:.I.]'. tt~l(l the E.I. Rail- 
ways. 

Control was provided by traverse. 'I'lle air sr~rvey conlpilatio~~ 
from 32-inch enlargements of the 1 4-inch pllotography waq 
carried out by the radial line rnnthod. Cire~. prints of the outline 
sections were taken to the field for verification of thc tletnils and 
survey of contol~rs a t  5-foot inter\~als. Cont,ours were surveyed b j  
the clinopole method. Level height,~ were provided by runninp 
tertiary level lines. 

Incorporation of verification corrections and colit,ours is in 
hand. 

The area for survey is partly built up and partly flat cultivated 
plain with a number of scattered mounds. 

( vi ) One-inch Correction Szcrveg.-Four l-inch sheets 63 Hi l ,  
2, 6, 6, covering Delhi City and its suburbs were corrected on the 
ground, as they were considera1)ly out-of-date. Office copy correc- 
tions, communications and new colonies wliich lisd sprung up 
during the war, were vorified and insertetl on the ground with 
respect to recognizablo detail on the I-inch sheets. Cultivation 
limits and other minor detail was not rigorously checked. The 
surveyor was provided with a 15-cwt. tlwck and this enabled him to 
complete the correction survey of 995 square miles, within 2 months. 

( vii ) Cattle Breeding Research Station, Jztbbu1pore.-The survey 
on 4-inch scale for an area of 5 square miles with contours a t  5-foot 
vertical intervals was done a t  the request of the Ministry of Agricul- 
ture, Government of Illclis. The survey was carried out, by ground 
methods using existing trigonomet,~ical data. 

( viii ) East Punjnb Capital Site Survey.-The Government of 
the East Punjab required the survey on 4-inch scale with contours 
a t  5-foot vertical intervals in the flat area and %-foot in the hilly 
area, of an area of 413 square miles, situated 8 miles west of Chandi- 
garb Railway Station in Amhala district. Tlle area was selected 
by the East Punjab Government for its capital. The work was 
initiated a t  the close of the field season 1947-48 and was allotted 
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t'op priority I)!. tho Go\-nrnment of' Illdin,, so that fieldwork had ta 
be (lone right throug.11 t,llc? sllnlmel. and raim of k94U. This adversely 
affected tllo health 01' tho ~)orsonnel employed. 

Planimetric control for the wllole area and height contra1 for 
the hilly area only w a ~  carried out in accordance with the methode 
described above in 1)~.ra9 6 and 6 (ii ) respectively. Thewhole area 
w u ~  ph~t~ographed on the scale of 4 inchee to 1 mile and air nurvey 
oompilation was carried out 011 this scnlo by the radial line method. 
Grey prints of tho outline soctions were sent to the field for rerificn- 
ti011 of detail and survey of contou1.s a t  &foot interval in the flat area 
was carried out by the clinopole method. Contouring in hilly arem 
was carried out from the air photographs, using the network of 
height co~ltrol supplied by the field units. Names were collected 
in the field nnd these with heights and headings, etc., were pasted 
on the outline originals after incorportltion of'verificatio~l correctiom. 
Separate contour originals were prepared on kodatrace. 

As soon as the survey of this was over, an additional demand 
for a survey of 51 square miles in extension of the East Punjab 
Capital Site Survey was received from the E a ~ t  Punjab Government. 
This extension arca was only partly covered by air photography. 
The area without photographic cover had to  be surveyed by ground 
mebhodt;. l'he whole worlr was completed by the end of January 
1949. 

The northern portion of the area is hilly, tho rest being level, 
gradually slo1)ing to the south. It is crossed by several dry nrZh 
known as " Cl~o" about half a mile wide. During the rains these 
flood causing damage to villages nenr t,heir banks. 

( ix ) Bargk Dam Survey.--This survey for an area of 1 - 2  square 
miles on the scale of 32 inches to 1 mile with contours a t  5-foot vot-ti- 
cal intervab together with the Bargi Reservoir Survey mentioned 
below, was required by the Central Waterpower, Irrigation and 
Navigation Commis~ion for planning a dam site on tohe hTarbRda 
River near Bargi. 

Planimetric control was fixed by triangulation based upon 
Hunter Short Base measurements and azimuth observations and 
connected to a G.T. Stfation. Points were fixed every mile apart 
with a probable accuracy of 1 foot in position. Heights for con- 
touring correct to a foot were fixed every 50 yards apart, by tachy- 
metry and levelling. All points were identified and marked on 
photographs. Air survey was in hand. One bench-mark was cons- 
tructed in the Dan1 Site area nncl its height fixed by levelling from 
a G.T. Bench-mark. This was to serve as a daburn for the engineem 
to run their own levelling later. 

( x ) Bargi Reservoir Sttroey.-Phot,ography was taken on the 
2-inch and enlarged to the 4-inch scale. It was used for air survey 
a t  this scale with contours at. 20-foot vert,ical interva.1~ up to the 
1,340 feet contour, end a t  10-foot intervals betaween 1,340 to 1,370 
feet. No contours were required above 1,370 feet. The 
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surveyed for the reservoir is 173 squw-(3 ~niles, extending over a 
length of 70 miles from Bargi to IVI'IBntllit. 

Planimetric ant1 height cont,rol was 1)rovidecl by ~nethodcl 
a l r e d y  described in paras 5 ( a ) u~ld  ( d ) ; ttritl (j ( i ), ( ii ) untl 
( iii ) respectively. The slotted template methoti wns uged for 
combination of photographs. Work was in tlentl. 

The area is hilly, coveretl with fairly dense jungle and han 
reserved forests of the Madhya Pradejh (:o\~ernnient on both 
sides of the river. 'l'licre is nhundance of wild game. The area i~ 
mderious. 

9. Other Surveys. -The followi~lg taslts were conipletetl by 
air survey. Iletailed reports oo t hcnl have :~lrend y nl~peared in 
the Technical Report, 1947 :- 

( i ) Caumpor~ l ' o i ~ w  Sviu~vry.--50.3 square miles of air. 
survey of outline only on scale of 1 tj i~lcl~es to 1 mile 
were completccl for the President, C'i~wnpore Develop- 
ment Board. No contor~rs \rere required by the 
indentor. 

( ii ) KonCr Pipe L i n ~  and Reservoir.. - Air survey on scale 
6 inches to 1 mile with contorlrs a t  10-foot vertical 
intervals ; areas were I6 and 17 square miles res- 
pectively. 

( iii ) KomZr Dam Site.-Air survey 011 scale 32 inches t80 
1 mile with contolirs a t  10-foot interval, area 4.5 
square miles. 

( iv ) Extension Area of the dshn,i River Project.-This area 
was compiled from 10-inch photogmphs, using the 
control carried out for 16-inch Patisla State survey 
and was printed off as an applique slip to  sheet 
No. 3 of Ashni River Project, the area covered being 
4 square miles. 

10. Project Surveys in hand.-The unclermentioned project 
surveys were in hand and reports on them will bc published in the 
next Technical Report after their completion :- 

( i ) Korea-Rewa Boundary Dispute. 
( ii ) Karntili River Survey .-On scale of 2 inches to 1 mile. 

No. 13 PARTY 

f Mr. D. C. Puri. to 31-1-48. - - - - - . . 1 Mr. N. D. ~ o s d i ,  B.A., from 1-248 to 14-1148. 
Oflcer in chrge :- Mr. F. M. Hawley. from 15-11-48 to 1-4-49. 

I M r .  T. M. C. Alexander, from 2-4-48. 

11.  General.-This unit continued to be employed on surveys 
in connection with the Bhakra Dam Project for the East Punjab 
Government. This project involves construction of a dam across 
the Sutlej River a t  Bhakra, which will not only increase the area 
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already coverod by the uxirjting canals but will also provide water 
for additional canah not yet conotructed. 

12. Type of Country.-The country comists, as deecribed in 
Technicel Report, 1947, of flat cultivated plains, interspersed with 
scrub, long grass and trees particularly around villages and tanka 
ancl along roade and canals. I n  tlhe west and south it  is open, eandy 
and undulating. Thib: reeults in complets disappearance of a 
number of stones through their I)ecoming submerged in the sand. 

13. Work.-The survey work for this project has been fully 
described in paras 14, 15, 16 and 17 of Technical Report, 1947. 

Due to  difioulties in obtaining a sufficient number of stones to 
mark the corner8 of 25-acre rectangles, the work was carried out to 
100-acre rectangles only, but levelling continued to be done up to 
23-acre rectangles. This h ~ ~ d  the approval of the East Punjab 
Government. 

I 4. Accuracy of Position or Height Required.-Permissible 
clocling errors of the different types of work carried out am given 
below :- 

( a ) Position :--- 
( i ) Triangulation--1 in 4,000. 
( ii ) Traversing - Main line 1 in 2,000. 

Tie line 1 in 1,000. 
( iii ) Rectangulat,ion-1 in 1,000. 

( b ) Heights :- 
( i ) Double tertiary circuitrs-0.05 dM feet, where M 

is thc? length of the circuit in miles. 
( ii ) Single tertiary-0.3 feet in 4 miles. 

IS. Recess Work.-During recess the levelled heights were 
plotted on the 4-inch sheets and 1-foot cont.ours interpolated for 
areas rectangulated during the field season. 

No. 20 ( CANTONMENT ) PARTY 

Mr. K. L. Dhawan, B.A., to 10-1147. 
O&er in clmrge :- Mr. C. T. Hurley, from 17-1147 to 31-1048. 

Mr. M. D. Nangia, B.A., h m  1-1148. 

16. Purpose of Survey.-The party surveyed cantonment and 
other military lands in all Army Commands a t  various scales, in 
accordance with the programme approved by the Engineer-in- 
Chief, India and the Ministry of Defence. The work done may be 
divided into two main categories based on the purpose for which 
required :- 

( a ) Record. 
( b ) Planning. 

17. Accuracy of Position or Height Required.-( i ) For 
16 ( a ), surveys were based on a rigid theodolite framework con- 
neoted to  spirit-levelled heights. Detail survey at 16-inch scale 
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with contoura at &foot vertical i~itervala and 04-inoh scale without 
contours ( of BBziir areae ) wese of a high stsndard of accuraoy. 
At 16-inch scale the accuracy ainled a t  was 5 link6 in position and 
on the 64-inch scale it was 1 link. Normal rnethotlu of fair rnapping 
for publication in black and brown with red tint for buildings, were 
a r i e d  out. 

( ii ) For 16 ( 6 ), surveys were based on tlieotlolite framework 
with apirit-levelled heights and t,ho jobs wore nlostly done on 16-inch 
and 24-inch scales with 1-foot contour intervnls for enlerge~nent to 
112500 scale by photography. These jobs were raquired by the 
Air Force ( Works ) for the expansion scheme for t~irfields in all 
Commands. 

As the maps were required urgent1ly, the erlletrgeruents to 112,500 
scale were done directly from the field plane-table sections on 16 and 
24-inch scales. Normal fair drawing ant1 printing for these rush 
jobs were not carried out. 

( iii ) One survey was done on the 8-inch to a mile scale. 
( i v  ) For surveys other than those reqt~iretl bj. Air Force 

( Works ), fair tracing of the completed plane-table sections were pre- 
pared by the Chief Engineers of Commands for preparation of ferro- 
prints. Normal fair drawing and printing were not done. 

18. Methods ctf Survey.-In brief the normal method of detail 
survey for 16 ( a ) was traversing with a chain and offsets with 
optical squares between fixed points. Interpolations and inter- 
sections were allowed only in open areas. For 16 ( b  ), interpola- 
tions and intersections were used and in addition the heights were 
provided a t  every five chain grid corners by levelling. 
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Major R. T. L. Hogera, u.E., to 16-1-7. 
Major R. S. Kalha, I.A. ,  fiom 18-1247 to 2 - 1 4 .  
Major I. H. R. Wilson, R.E., from 3 - 1 4  to 17-6-48. 
Mr. B. N. Gshs, u.ec., h m  18-5-48 to Q-114. 
Mejor R. T. L. Rogere, n.r., fiom 1&11-&1. 

DY. DIRECTOR :- 

Mr. B. N. Saha, ~ . s c . ,  fo 14-47  end fmm 34-248 b 67-48.  
Major It. S. Kalha, I.A., from 2-8.17 to 2 3 - 2 4 .  
Mr. C. P. E. Davenport, kom 6 - 7 4  bo 2S-1243 and from 

17-2-49 to 12-3-49. 
Mr. L. J. Bagnall ( currerit dutiea ) from 24-12-48 to 12-14.  
Mr. P. A. Thomaa, from 13-149 to 10-249. 
Mr. M. M. Gmapathy. B.A., from 13-340. 

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

No. 5 Party. 
No. 9 Party. 
No. 1 1  Party. 
No. 12 ( Air Survey ) Party. 

During the period under report, no normal departmental topo- 
graphical survey programme had been carried out. Surveys were 
executed for development projects such as hydro-electric, irrigation, 
town planning, river control, railway and barrage construction, 
and land reclamation and for geological investigations. 

20. Technical Methods.-The general types of surveys oafiied 
out and the methods used were the same aa those described in the 
Teohnical Report, 1947. Mention has been made in the party 
reports which follow of any additional types of surveys and modi- 
fications in methods. 

For "Irrigation" type surveys the indentor has accepted the 
fact that, where the colltouring is a t  I-foot vertical interval, there 
is no need to publish a separate level chart with the values of "spot" 
levels printed in red. The positions of these "spot" levels are not 
recoverable on the ground and, as they are of value only to control 
the contouring, i t  has been decided that there is no point in printing 
the values on a special map. 

For the purpose of designing the layout of a a n a l  system for 
irrigation purposes, in fairly flat country, some engineers have now 
accepted air photo-mosaics with a mesh of level benoh-marks 
marked on them. The bench-mark values are provided on an 
( 6  overlay" trace. If the foregoing will replace the contoured map 
for this type of engineering project, a great deal of survey potential 
will be saved. 

A serious error in contouring of the air surveyed Konar Dam 
maps was discovered by the indentor. A check disolosed other 
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errors in the adjoining Konar Reservoir and Pipe Line nlaps. The 
disoovery of the errors took place after most of t,lle niaps had been 
finally printed-about two years after t l ~ e  sotila1 heigllt control, 
in which the errors arose, was carried out. Tilo errors were entirely 
due to an urgerlt job being undertaken by inexperienced surveyors 
and without adequate supervision ; the ltltter being the chief causo. 
-4 lot of time and survey potential have beer) wasteti in tho cheoking 
of a11 the adjoining work and rectifying the errorN. This provides 
a very useful lesson which will be profited by in the future. 

21. Miscellaneous.-The out-turn of fieltl pitrties, especially 
during the fiold season 1948-49, wtts much reduced owing to  exces- 
sive delays in the railway trnnsportntiorl of survc?y stores and 
equipment, resulting in delays in commencing work. These delays 
were very marked in the case of new survey operetionu involving 
large shipments of personnel and stores which were undertaken a t  
short notice just before the commenoement of the field season. 

No. 5 PARTY 
Mr. T. M. C. Alexander, to 25-6-48. 

Oficer in clmrye :- Mr. N. C. Sen, from 26-6-48 to 5-1241). 
Mr. K. C. Gosain, B.A., from 6-12-48. 

22. General.---The activities of this party were centered on 
special surveys required for development projects sponsored by 
State and Central Governments. The hulk of the work was 
providing the framework ( planimetric and height ) for air snrvey. 
Ground and air surveys were also carried out. 

23. Personnel.-The strength of the party varied considerably 
from time to  time according to the  requirement,^ for conlplet,ion of 
jobs in specified periods. 

The average number of technical personnel wa,s a.s follows :-- 

.7947-48. 
Gazetted officers . . m . .  1 

Other technical personnel . . 43 

1948-49. 
Gazetted officers . . . .  3 
Other technical personnel . . 51 

24. Technical Methods.-( a ) Planimetric and Height Control 
wee provided for the air survey of the following  project,^ :- 

Barghakshetra Gorge, falling in Sheet 72 N, on &inch scale, 
with 20-foot contours. 

Tikarpiira Reservoir, falling in Sheet 73  D, on 4-inch scale, 
with 10 and 20-foot contours. 

KonLr Pipe Line Extension Survey, falling in Sheet 5 3  E:. 
on &inch scale, with 10-foot contours. 

Nariij Reservoir, falling in Sheet 73 H, on 4-inch scale, with 
10 and 20-foot contours. 
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Urn Trri Reservoir, falling in Sheet 78 N and 78 0, on 
8-inch scale, wit,h 20-foot contours. 

Kosi Lhm Extolision, falling in Sheet 72 N, on 32-inch scale, 
with 20-foot contourn. 

Rih&r Mica Belt Survey, falling in Sheet 72 H, on 1/!25,000 
scale, with 26-foot contours. 

Plttnimetric control wm carriecl out by norlnal triarigulation 
ttnd traverse. 

Height control w m  done either by tacliynlctry or by observing 
vertical a r ~ g l e ~  with theodolites or clinometer ; in the latter cme 
distances were rneasured off the t~.iangulatioti chart projected on 
a ecale large enough to give a suitable accuracj7 of linear measure- 
ments. 

( b ) Kopili Riuer Flood C'ontrol Scheme.---'his i~ in Kamrup 
and Nowgong districts, A R R R ~ ,  falling in Sheets Nos. 78 N and 
83 B. Maps were required for an area of 2 miles on either side of 
Kopili and Kalang rivers on 4-inch scale with I-foot contourti for 
the Chief Engineer, Public Works Department. Assam. 

Planimetric and height cont,rol was done by trareming and 
'tertiary simultaneous double levelling. Heightn for the control 
of 1-foot contours were fixed by lines of tertiary single levelling a t  
30 chains intervals. Itigorour~ contouring was not required as the 
engineers wanted to know only the general profile of the country.. 

The area consists mostly of low cultivated plain interspersed 
with bits, swampy areas and villages surrounded bj. thick baniboo 
growth. It was thus found difficult to run straight lines of levelling, 
and offsetting a t  right angles with levelling inst runlent to by-pass 
such obstacles was a laborious and lengthy operation. In  order 
to get an even density of heights over the area, plane-table t ra \ -cw 
was necessary to keep the lines straight between control points and 
to locate intermediate points where heights were required. For 
future levelling in such areas, where air photo cover exists, it is 
considered that much time could be saved by using the air photo- 
graphs to keep the level lines straight. 

( c ) G n ~ y a  Bridge Project.-This covers the Mokanleh Ghiit 
nrett on the Ganges River and falling in Sheets 72 G ,  and 72 K. 
The Engineer-in-Chief, Ganga Bridge Project required.- 

( i ) A strip map showing details and names of 800 square 
miles of area from Surejgarha ( 72 K ) to Patna 
( 72  G ) prepared by revising the existing 1" topo- 
graphical ]naps from air photographs taken in 1948. 

( ii ) Co-ordinates of control points ( without heights ) half or 
one mile apart along both banks to enable the rail- 
way engineers to take cross sections of the Ganges 
river and the Research Station P o o n ~  to constnict 
a model of the river on 1/500 scale. 



errors in the adjoining Konar Reservoir and Pipe Line mapH. The 
discovery of the errors took place nfter most of the maps had been 
finally printed-about two yoam after the actual height control, 
in which the errors arose, wus carried out. The errors were entirely 
clue to  an urgent job being undert,aken by inoxperiencecl Rurveyors 
and without adequate supervision ; the latter being the chief cause. 
A lot of time and survey potential have been wasted in the checking 
of all tho adjoining work and rectifying the errors. This provides 
a very useful lesson which will be profited by in the future. 

21. Miscellaneous.-'L'he out-turn of field parties, evpecially 
during the field season 1948-49, was much roduced owing to oxces- 
sive delays in the railway trnnsportation of snrvoy stores and 
equipment, resulting in delays in colnmencing work. Tllose delays 
were very marked in the case of new survey operations involving 
large shipments of personnel and stores which were undertaken a t  
short notice just before the commencement of the field season. 

No. ' 5  PARTY 
Mr. T. M. C. Alexander, to 25-8-48. 

Oficer in  clurye :- Mr. N. C. Son, from 26-648 to 5-12-48. 
Mr. K. C. Gosain, B.A.. from 6-1248. 

22. General.---The activities of this party were centered on 
special surveys required for development projects sponsored by 
State and Central C:overnments. The bulk of the work was 
providing the framework ( planimetric and height ) for air survey. 
Ground and air surveys were also carried out. 

23. Personnel.-The strength of the party varied considerably 
from time to  time according to  t,he rerlnirernent,~ for completion of 
jobs in specified periods. 

The average nnmber of technical pel-sonnel wa,s a,s follows :- 

1947-48. 
Gazetted officers . . - . .  I 

Other technical personnel . . 4.3 

1948-49. 
Gazetted officers . . . .  3 
Other technical personnel . . 51 

24. Technical Methods.-( a ) Planimetric and Height Control 
was provided for the air survey of the following  project,^ :- 

Barghakshetra Gorge, falling in Sheet 72 N, on 4-inch scale, 
with 20-foot contours. 

TikarpBra Reservoir, falling in Sheet 7 3  D, on 4-inch scale, 
with 10 and 20-foot contours. 

KonBr Pipe Line Extension Survey, falling in Sheet 7 3  E:. 
on 6-inch scale, with 10-foot contours. 

NarBj Reservoir, falling in Sheet 73 H, on 4-inch scale, with 
10 and 20-foot contours. 
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Urn Tru Re~ervoir,  falling in Sheet 78 N and 78 0. on 
&inch scale, witah 20-foot contours. 

Koei Dam Extelision, falling in Sheet 72 N, oli 52-incl~ ucale. 
with 'LO-foot contourn. 

RihRr Mice Belt Survey, falling in Sheet 72 H, on 1/25,0(H) 
scale, with 25-foot contours. 

Pltlnimetric control was carried out by rlort~lal triangulation 
end traverse. 

Height oontrol w&s done either by  taclry~nchtry or by observillg 
vertical angle# with theodolites or clinometer ; in the latter case 
dishnoes were rneasured off the triangulatioll chart projectetl on 
a scale large enough to  give a auitable accurac!. of linear measure- 
m e n t ~ .  

( b ) Kopili Riaer Flood C'ontrol Schr,rr~e.--'T'his is in Kamrup 
and Nowgong districts, A s ~ a m ,  falling in Sheets Nos. 78 N and 
83 B. Maps were required for an  area of 2 miles on either Ride of 
Kopili and Kaleng rivers on 4-inch scale with I -foot contourr; for 
the Chief Engineer, Public Works Department, Assam. 

Ylanimet~ic and height control was done by traversing and 
t'ehiary simultaneous double levelling. Heights for the control 
of I -foot contour8 were fixed by lines of tertiary single levelling a t  
30 chains intervals. Rigorous contouring was not required us the 
engineers wanted to know only the general profile of the country.. 

The area consists ~nostly of low cultivated plain interspersed 
with bib, swampy areas and villages surroundetl by thick bamboo 
growth. It was thus found difficult to run straight lines of levelling, 
and offsetting a t  right angles with levelling instrument to by-pass 
such obstacles was a laborious and lengthy operation. In  order 
to get a n  even d e n ~ i t y  of heights over the area, plane-table travene 
was necessary to  keep the lines straight between control points and 
to locate intermediate points where heights were reqnired. For. 
future levelling in such areas, where air photo cover exists, it is 
considered tha t  much time could be saved by using the air photo- 
graphs to  keep the level lines ~ t ra ight .  

( c ) Ganya Bridge Project.-This covers the Mokameh Ghat 
area on the Ganges River and falling in Sheets 72 G .  and 72 K. 
The Engineer-in-Chief, Ganga Bridge Project required.- 

( i ) A strip map showing details and names of 800 square 
miles of area from Surajgclrha ( 72 K ) to Patna 
( 72 G ) prepared by revising the existing 1 "  topo- 
graphical maps from air photographs taken in 1948. 

( ii ) Co-ordinates of control points ( without heights )half or 
one mile apart along both banks to  enable the rail- 
way engineers to take cross sections of the Gangoe 
river and the Research Station Poona to construct 
a model of the river on 1/500 scale. 
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( iii ) Co-ordinates of control points with heights 3 mile8 
apart beyond the h'hd i r  line ( an imaginary line 
beyond wliich the river is 11t~ver likely to wander ) on 
both banks as perninnent fixed points. 

I t  was originally plallned to fix the points by triangulation 
making stations at one ancl it half or tu o tililes apart and observing 
the intenneciiate half mile poillts by intersectiori. This plan failed 
itfter a period because sand-storms aallti haze (lid not give clear 
visibility and means of crossing the Ganges river were limited. 
Therefore the major portion of thtj control was carried out by 
traverse and connectioris of points on either side of tho river were 
niade by triangulation a t  2O.to 30 miles intervals. 

Detail 011 photographs was also verified 011 the ground for 
their correct classification ant1 interpretation by air survey drafts- 
men. 

( 11 ) Calcutta Electrification Scheme ( Route Survey of Trans- 
mission Line ).-This falls in Sheets 79 A and 79 B and was carried 
out for the Department of Electricit'y Development, West Bengal. 
Fixation of stations a t  300 or 150 yards intervals along routes of 
transnlission lines as indicated by their liaison officer and determi- 
nation of clifferences of levelled heights between the stations were 
required. Normal theoclolite traverse ant1 tertiary single levelling 
were used for this purpose. 

( e ) Survey of Ten Estutes in Assuvn and West Benga2.-These 
fall in Sheets 78 B and 78 F ,  and the work was for Messrs. 
Jardine Henderson, Limited, Calcutta, for finding out the precise 
area of their holdings for each tea estate and the areas of tea plante- 
t'ion, cultivated and waste lands. Traverse for planimetric control 
and ground verification of detail on photographs were carried out 
for air survey of five estates in West Bengal on 16-inch scale. The 
remainder of the tea estates in Assam will be taken up in recess 
1949 and next field season ( 1949-50 ). 

Digha Survey.-This was on the sea coast of West Bengal 
adjacent to the Orissa border and falling in sheet 73 0 ,  and was 
required for town planning purposes by the Government of West 
Bengal, on 16-inch scale with 5-foot contours. Framework by tra- 
verse and heights by tertiary levelling were provided before the sur- 
vey was commenced. The country is mostly undulating with shift- 
ing sand dunes, interspersed with patches of cultivation. Flattish 
areas were contoured by the clinopole method and steep sand 
dunes by normal plane-table methods with a close density of clino- 
metric heights. 

Dihiing Reservoir.-This is in the NE. Frontier tracts of Assam, 
fdling in Sheets 82 L and 82 P. A survey on 4-inch scale with 
50-foot contours was required for the Central Waterpower, Irrige- 
tion and Navigation Commission. Orders for taking up this job 
were received early in February 1949. Arrangements, collection 
and despatch of personnel and kit took several weeks. One surveyor 
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eomrnenced his work on let March, the ~lecond on 25th March and 
the third on 7th April. Unusually early and inceaant rain6 did 
not permit more than 12 to 15 working days in a month. One 
eurveyor went sick in the field with malaria and another with 
aeptio fever due to bites from leeches and jungle flies. Thus no 
appreciable progrees was made on this work except that portionc; 
sf traverse lines totalling about 50 linear ~ n i l e ~  in length were con]- 
pleted. The lines are unconnected with each other. They will 
have to be properly connected wit11 triarqgultlted points next field 
season ( 1949-50 ). Triangulation. could not bc renorted to as no 
means of crossing the llihing river for stretches of 30 to 40 miles 
exkt ; and communicatione in the area are also difficult due to the 
h e  jungle. 

No. 9 PARTY 

Ofleer in chrge :-Mr. R. H. Phillip. 

25. General.-The unit was chiefly employed on Irrigation 
surveys for the Koni Irrigation Project to meet the recjuiremenb 
of the Central Waterpower, Irrigation and Navigation Comrnir;nion. 
Maps were required for the p la~u~ing of an extensive system of 
canals in the plains of Southern Nepiil and Northern Bihar. The 
whole area for survey, during the period under report ( except a 
strip of land adjoining the west I)ank of the Kosi river, which will 
contain the head-works of the proposed West Kosi Canal ) was 
covered with air photography, and the survey was carried out bv 
the method described in Appendix I1 to Tecllnical Report, 1947. 

Although the main task of the unit was the survey of the Kosi 
cnmm~.nded area, the following additional surveys were carried 
out :- 

( i ) I n  the field season 1947-48 :- 
( a ) A ground suwey on the 1/1,000 scale, with 10-foot 

contours of part of the Kosi Dam area around 
the actual dam site falling in Sheet 72 N, 
required for the preliminary investigation and 
design of the dam. 

( b ) Triangulation in Nepal in Sheets 72 E and I, to 
provide planirnetric control for air survey on 
the 1-inch scale of a part of the Kosi catchment 
area,, in connection with the Kosi Hydro-electric 
Project. 

( k ) In the field se~vlon 1948-49 :- 
( a ) Planimetrio and height control, ground verification 

and marking on the air photographs of height, 
end planimetrio control points, for subsequent 
air survey with contouring a t  1-foot verticcll 
interval, of a portion of area for the Gangti 

- Barrage Scheme surveys in Sheet,s 72 0. P : 78 
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C and Z). The Public Works Department of 
the Government of West Bengd levelled crow- 
sectioils of the river about half a mile apart for 
the purpose of making moclels of the river for 
experimental purposeo. A proportion of the 
cross-section tern~inal points, on both  bank^ of 
the river, was connected to the main traverse 
framework. The balance were pricked on air 
photographs for subsequent intersection on the 
air survey compilation. 

( b ) Ground survey, on scale 4 inches to a mile, of a 
jungle covered strip of land adjoining the west 
bank of the Kosi river, in Sheet 72 N, with 
contouring a t  5-foot vertical interval up to the 
400-foot contour and of 10 feet between the 
400-foot and 450-foot contours. This survey 
will form a part of the Kosi Irrigation surveys. 

( c ) Marking on the ground of points along the 1,100- 
foot contour on both the banks of the Kosi 
river and its tributaries, in the Kosi reservoir 
area, falling in Sheets 72 I, J, M and N. 

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

Gazetted officers . . . .  4 
Other technical personnel . . 69 

27. Technical Methods.-( i ) Kosi Irrigation Surveys.-The 
standard procedure for irrigation surveys ( see Appendix 11, 
Technical Report, 1947 ), was followed with the following modi- 
fications :- 

( a ) Stone-laying was done, in a few sheets, on blue prints 
of the air survey compilation of the outline, instead 
of on the photographs marked with the theoretical 
stone positions. The obvious advantage of this 
method is that all misidentified and therefore wrongly 
air surveyed items of detail can be corrected on the 
ground, and the positions of other items of detail 
checked by ordinary plane-tabling methods. The 
method could not be followed for all the sheets due 
to the late receipt of air photographs of the remaining 
area of work. 

( b ) For the ground survey on scale 4 inches to a mile of the 
jungle covered strip of land adjoining the west bank 
of the Kosi, planimetric control was provided by 
theodolite traverse, and a line of tertiary levelling 
was run to  provide height control. As the area is 
mostly covered with dense jungle, the area was 
surveyed by plane-table height traverse. 
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( ii ) Survcye on 4-inch acdc  411 connectioll. u$th ih Oanga 
Batruye r3'chpnl.e. --The rnethocln fo l lo~~ed  for providing planimetric 
itnd height oontrol and folb grolintl verifiuation for air survey were 
the same as  for the K o ~ i  Irrigation nI1rvej.b. The area did not 
contain ally C.T. stations and the tl-i~verrse lirltu; had to emanate 
from and close on statio~is of previous topograpllical triangulation. 
'L'o ensure a uufficient standard of accuracy of framework for 4-inch 
surveys, tho stations of the tol~ogral~llical triangulation were 
re-observed on 5 zeros for all horizontal angles. Scale and aziinutll 
were adjusted a t  each end of the eerie8 hy ol)sc~~*ving Hunter Shol-t 
Base estensioru and astronomical wzimut,hrj. 

A menh of levelled heightn was ostablialled to  control the 
contouring. To (10 this, lines of tertiary levelling were run at 
20-chain  interval^ and spot levels a t  10-chain rlintances along the 
lines, were pricked on the air photograplla. Every second epot 
level was made into a hench-mark by tjelecting semi-permanent 
natural or artificiri.1 fnat~lres, or ern1)edrlinp a atone in the 
grountl. 

( iii ) Marking on the Cf roud  of Yoir~b along the 1 , l O U - J o d  
Contour on both hanks of the Kovi R i v ~ r  und its Tributaries.--The 
requirement was to locate, on the ground, the proposed top water 
love1 of the Kosi Reservoir ( i.e., the 1,100-foot contour) for the 
purpose of asses~irlg compensation to landholders wl~ose lands 
woiiltl be inundated by the reservoir. The asfiesslnents were made 
on tho spot and the map positions of the points located along the 
contour were not required to  he fiurveyed. 

'To commence a tertiary level line war run startling from a 
bench-mark of secondary levelling a t  Barghakshetra, to  a point 
on the 1,100-foot contour. To checlr the accuracy of the hoight 
of this point,, the tertiary-levelling was cont,inued back to  the 
~ ta , r t ing  bench-mark a t  Rar&hak~hetra along a different route. 

From the above point further lwints, a t  the same height above 
Inen11 sea-level, were located on both sides of the valley by observa- 
tion wiLh a level to improvised coloured targets. The targets had 
;I central horizontal stripe and wem fixed on pole6 no that  the stripe 
was a t  the sarne height above the ground as tho level axis. This 
working height, once fixed, was maintailled t.hrouphout the whole 
operation for both level and targets. 

The observer, having established his starting point, and adjusted 
his level to  the correct height above the ground, observes through 
the telescope to  the coloured targets positioned on both sides of 
the valley, and by a sp t en i  of signals, directs the  movement^ of 
the men holding the targets so that the stripes on the targets are 
brought on t o  the horizontal cross-wire of the telescope. The 
botkom of the pole of each tarpet has now been positioned on the 
ground a t  the same height above mean sea-level as that  of the 
starting poillt over which tho level instrument. is positioned, viz., 
1.100 fchet above mean sea-level. 
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Further points, a t  the same height above mean sea-level, were 
determined by cnrryirlg tho methoci fol-ward I I ~  the gorge. The 
height of each new point was chccktd from t~ seuoncl level position. 

'Po minimize errors due to tho curvature of tho earth an(l rchf'r.ac- 
tion, tlhe distanco between the levc.1 inntrlu~itant, u~itl any target wufi 
never allowed to oxceed a third of it niile. 'l'l~o overall error in 
height, acceptahlo to the intientor, wtts not to exceed 5 feat. 
Excopt for the starting hoight clatr~~n near tho dnm site, there was no 
other bench-mark or trigonometricel station height in the gorgc! araen. 

The hill-sides in the area of the Kodi Ressrvoir are very steep, 
generally about 45 clegroe slopes, arid very rugged, especially so 
near the Kosi Dam site. 'Phere wore tdso numerous rliff~ and 
landslides in the gorge. 

I t  woulcl, tliel-efore, have 1)cen a nlore difioult and lengthy job 
tto have dono this work by ordinary levelling or by levc?lling com- 
bined with traverse or triangulation. 

( iv ) Kosi Dam Suwey.-The frameworlr was carried out by 
tri~ngulat~ion and the large scale survey by normal plans-table 
methods-as reported in Technical Report, 1947. 

28. Description of the Country.-R,ecent old beds of the Kosi 
ttiver were found to be overgrown with high grass a i d  reeds, and bum- 
ing the reeds and grass before stone-laying and levelling was found 
t,o be the most economical method of clearing these obstructions. 

- 

Patches of jungle occur in the area of survey in the plains of 
Nepiil, and considerably slow down the progress of all types of 
lield work, particularly stone-laying and tertiary levelling. 

29. Effect of Change of Plans on Out-turn.-It is an advantage 
to have rt head of traverse work for nest  season's photographic 
combination and photo-marking to  give stone-layers an early start, 
and a head of stone-laying for the next season's t,ertiary levelling. 
Bn attempt was inacle in this direction during the field season 
1947-48, but no advantage could be taken of i t  in the field season 
1948-49 due to  an eleventh hour change by the indentor in the 
area for field work for 1948-49. This change also meant that  air 
photography of n new area hacl to  be undertaken in the early part 
of the field season 1948-49, and the party was supplied with prints 
after the commencement of the field season. This resulted in a very 
late start and a conseqllently poor out-turn for the wholo fic?ld season. 

No. 11 PARTY 
(Mr. M. M. Ganapathy. B.a., to 23-8-47. 

Oficer in charge :- J Mr. N. L. Gupta, from 24-8-47 to 29-11-47. 

1 Mr. C. P. E. Davenport, from 30-11-47 to 1-7-48. 
Mr. S. C. Chatterjee, B.SC., from 2-7-48. 

30. General.-No. 11 Party was employed on the following 
work :- 

( i ) 4-inch Irrigation Survey of HirBkud commanded area 
of the MahBnadi scheme, in sheets-64 0, 64 P, 
73 C and 73 D. 
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( ii ) Planinletric and height oontrol of part of TikaryHra 
Reservoir ares for 4-inch air Hurvey, in Hheeh- 
73 C and 73 1). 

( iii ) Height oollt,rol for part of Bihiir Mica Belt area for 
1125,000 air survey, in sheetfa---72 H and 72 I,. 

( iv ) 1 / 1,000 sur\Tc+jr of HirLkud 1)am area, in sheet--64 0. 

31. Personnel.-The itverstbye tccl~nical ntrength of the party 
WHS :- 

Gazetted officers . . .  5 
Other teuhnical pt:l*r;o~lnel . . 68 

32. Technical Methods.-The total area of the Hirhkud 
commanded area is ttpproximately 2,021 - 7 sq. miles. Of tllig 
1,800.5 sq. miles were surveyed in three different field seamnh 
1946-47, 1947-48 and 1948-49. The n~et~hods u ~ e d  are described 
in Appendix I1 of Technical Report, 1947. 

Tho total area of TikarpBra Reservoir is approxin~utely 700 MI. 
miles of which 300 sq. miles was triangulated to supply planirnetric 
control points to a rough dengity of two per three equare miles. 
The existing topographical and G.T. triangulation points were post- 
pointed in the balance of the area which provides a sufiicient density 
of plani~netric control in that area. An area of approximahly 
40 sq. miles was height controllrd by tertiary levelling for 4-inch 
air survey. 

1624 sq. miles of Bihiir Mica, Belt area were height controlled 
by plane-table fixings and traversing based on existing topographical 
and G.T. triangulation to a rough density of four heights per square 
mile. The existirig topograpl~ical and G.T. triangulation stations 
and points were post-pointed on the photographs and their density 
was sufficient for the control of 1/25,000 air surveys. 

A total of 2.65 sq. miles of Hirgkud Dam area was triarlgulated 
and theodolite traversed to  supply sufficient points for plane-table 
survey. In  order to contour the area a t  2-foot vertical interval 
a network of tertiary levelling was carried out to  supply heights at 
approximately 3-chain intervals. The area was finally plane- 
tabled bp combined fixing and plane-table traverse and contouring 
with " clinopoles ". 

33. Terrain.-HirBkud commanded area consists mainly of 
undulating country covered with scattered trees and large areas of 
paddy cultivation. Other parts are undulating and corered with 
scrub and low jungle. The undulating ground necessitated a 
large number of close stations during levelling, while clearing in 
the jungle covered area further slowed down progress. 

In  the paddy cultivated areas, levelling could not be started 
before the end of November or early December, when the harvest- 
ing was completed. 

HirSkud Dan1 area was deforested completely before the 
comme~lcement of the survey. This area is more or less plain 
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near the MlthGnadi river rising a t  both ends to an olevation of about 
:)00 feet ant1 ending on  hill^. The 1)ecl of the liver is rocky. 

34. Climate.- -Towards the ericl of Mt~rcll ilricl clnring April, 
levelling had to he clincontinue(l for nhout tllreta hours in the n~ictclle 
of the day due to heat tadintion which w.as aff'ecting the accuracy 
of observations. 

No. 12 PARTY 

O&er in charge :-Mr. J. C. Roes. 

35. General.--The party carried out e x t r ~ ~ - ~ l e p ~ r t r ~ i w l t a l  air 
and ground surveys, on different scitles and for a variety of purposes, 
for other department's of the Government of Intiicl. 

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

Gazetted officers . . . .  4 
Other technical perso~inel . . 22 

37. Areas.-Areas surveyed from vertical air photographs, 
on 1-inch, 4-inch, 6-inch, 16-inch and 32-inch scales totalled 203 
square miles ( the contouring for 36 square miles of which had to 
be verified on the ground ). 

Areas surveyed by plane-table, on 4-inch and 16-inch scales 
totalled 8 square miles. 

Areas triangulated or for which supplementary height control 
was provided totalled 181 square miles. 

38. Air Survey Tasks.-(i ) Kosi Catchment; Sheets Nos. 
72 E and 72 I.-Complete air survey on 1-inch scale, with contours 
and form-lines a t  a vertical interval of 100 feet, for the Central 
Waterpower, Irrigation and Navigation Commission. Work was 
done from contact prints, and considerable difficultv was experienced 
in identifying detail on such small scale photographs. 

( i i  ) KiEzirangn Game Sanctuary.-Air srirvey on 1-5-inch 
scale of 31 linear miles of the south bank of the Rrahmaputra river 
where i t  forms the northern boundary of this reserve. This mrvey, 
together with the extraction of the area of the sanctuary, was 
carried out for the Senior Conservator of Forests, Assam, to enable 
him to assess the amount that the river has encroached on the area 
of the sanctuary. 

( iii ) Bardhakshetra ; Sheet No. 72 157.-Complete air survey 
on $-inch scale, with contours and form-lines a t  a vertical interval 
of 20 feet, for the Central Waterpower, Irrigation and Navigation 
Commission. 

( iv ) Kondr Pipe Line Extensions ; 8heet No. 73 E.-Complete 
air survey on 4-inch and 6-inch scales, with contours a t  a vertical 
interval of 10 feet, for the DBmodar Valley Corporation. 

( v  ) Appla'quB slips b Kondr Pipe Line and Pipe Line Bden- 
&om Surveys ; Sheet No. 73 E.-Air survey revision of contours 
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only, e t  a vertiod interval of 10 feet, on 6-inoh ecale, for the Diimodar 
V d e y  Corporation. Detail wae traced from the exieting originah. 

( vi ) DeolbGri Reeerwir ; 8- Nw. 72 L and 73 I.--Complete 
air survey on 6-inch scale, with oontoura a t  verticd intenre1 of 
10 feet, for the D&modar Valley Corporation. Due to badly-tilted 
photographa, full dvantage could not be derived born the height 
control, SO that a trace of the contour survey had to be sent out to 
the field for verification on the ground. A very rapid checking of 
detail was oleo done. 

( vii ) Sivok ( TZsh ) Bridge ; Sheet No. 78 B.-Air survey of 
detail only on 6-inch ~cale,  for the Engineer-in-Chief, Assam Rail 
Link Project. Blue prints of this survey were given to field per- 
sonnel of No. 5 Party, who verified the detail and contoured the 
major part of the area on the ground a t  tl vertical interval of 10 feet. 
The remainder of the contouring was tiorie on air photographs, also 
in the field. Fair-mapping for publication waa a h  carried out. 

( viii ) Urn T r u  Reeervoir ; Sheets Noe. 78 N and 78 O . 4 o m -  
plete air survey on 6-inch scale, with contours a t  a vertical interval 
of 20 feet, for the Government of Assam. 

( ix ) Bayaha Land Reclamation Scheme ; S l ~ e b  A'm. 63 M 
and 72 A.-Air survey of detail only, on 16-inch ecale ( the area 
being contoured on the ground, independent of detail, by No. 9 
Party, a t  a vertical interval of 6 feet ), for the Government of B i k r .  
Fair-mapping for publication was alno carried out. 

( x ) Bermo-Bh6ndaridr1 Gorge ; Shret No. 73 I .-Complete air 
survey on 16-inch scale, with contour6 a t  a vertical interval of 
6 feet, for the DLmodar Valley Corporation. 

( xi ) K m Z r  Dam ; Sheet No. 73 E.-Air survey revision of 
contours only, a t  a vertical interval of 5 feet, on 16-inch scale, for 
the D&modar Valley Corporation. Existing detail survey waa 
aocepted. 

( xii ) Kosi Dam Externion ; S l ~ d  No. 72 N .-Completa air 
survey on 32-inch scale, with contours a t  a vertical interval of 20 
feet, for the Central Waterpower, Irrigation and Navigation Com- 
mission. 

39. Field Work.-( i ) Bokciro Dam Extension ; S h l  Eo. 
73 E.-Framework and 16-inch scale ground survey of the same 
area ( with contours a t  a vertrical interval of 5 feet ), for the DLmo- 
dar Valley Corporation. 

( ii ) BoECro Coal-$eld ; Sheet X o .  73 E.--Ground survey on 
4-inch male, with contours a t  a vertical interval of 50 feet, for the 
Geological Survey of India. This survey was carried out to fill 
gaps in the air photography. 

( iii ) BoEro Coal-field ; Sheet No. 73 B.-Provision of futther 
supplementary height control, by plane-table and clinometer, for 
the complete air survey of this area ( the previous height oontrol 
not being entirely satisfaotory ). 



62 TECHNICAL REPORT [PARTS I & 11, 1048-49 

40. Technical Methods.-The various technical procedurm 
adopted for similar types of surveys to the foregoing was described 
in Technical Report, 1947. This also contains detailed notes on 
methods which are applicable to the surveys now reported. 

I n  addition, the following colnments are made as a result of 
experience gained during the period now under report : -- 

( i ) The identification arid pricking on photographs, by 
field personnel, of control points to be used for air 
survey has been f o ~ i ~ l d  fault'y in many cases. The 
pricked pce'tions of' the same point on two or more 
photographs have sometimes not been found to be 
in agreement. One reason for this is that field 
personnel do not prick points by stereoscopic exami- 
nation of a pair of photographs, but attempt to do 
i t  from single photographs. I t  is considered that 
field prints, with control pricked on them, should 
invariably be suppleme~ited by descriptions and 
diagrams of planimetric control points. 

( ii ) Tilted photography is causing much difficulty in 
contouring by the present method of inspection 
under a stereoscope. Under such conditions the 
height control loses much of its value. Where 
photography is appreciably tilted, i t  has been found 
more economical and accurate to carry out the 
contouring by plane-table methods on the ground 
using prints of the air survey of the detail. The 
advent of stereoplotting machines will, of course, 
greatly lessen this difficulty. 

( iii ) It has been learned from experience that contouring 
by present methods, of flattish areas from large 
scale air photographs a t  an interval of 5 feet or less, 
is not a practical proposition. It should always be 
done on the ground unless complete generalization 
of contours will meet the requirements of the survey. 
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Mr. M .  Ii. Nair. B.A. (current duties) to 14-1047. 
Major J. S. 0. Jclly, R.E., from 16-10-47 to 18-24 .  
Major C'. A. Biddle, a&., from 1 S U B  to 8-748.  
Mr. 8. M. Critohd, from 10-7-48. 

Mr. P. A. l'homas, from 1-1 1-48 to 9-1-48. 
DY. DIRECTOR :- Mr. H.  M. Critchell, from 10-148 to 16-3-4f1. 

Mr. J. C. Berry, from 17-3-49. 

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

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

Besides the above, the Headquarter8 Section under the direct 
control of the Director, Southern Circle, had also to carry out several 
project surveys: No reference has been made to No. 10 Party's 
work in these notes, as this party only came under the control of 
the Director, Southern Circle in December 1948 and its acti- 
vities were changed to those of a training party for Topographical 
Trainees, Type 'B  ', of the Division I1 of Class 111 service. 

A syllabus of training for Topographical Trainees, Type ' B '  ha8 
been given in Appendix to these Technical Notes. 

HEADQUARTERS SECTION 

42. General.-The Headquarters Section, in the charge of Mr. 
M. W. Kalappa ( Class I1 ), carried out, during the period under 
report, air survey and mapping work in connection with several 
irrigation and development projects, which aro mentioned in Part I 
of General Report, 1948-49. Matters of technical in tera t  in 
respect of certain tasks a.re mentioned below. 

43. PennZr Reservoir Sheets 57 J, N.- 

( i ) Introduction.-The original demand was for the survey 
and preparation of a map of the proposed Penngr Reservoir, 
on scale 4 inches to  1 mile, with contours a t  10 feet vertical interval. 
As the map was required to calculate the capacit,y of the proposed 
reservoir and to determine the land area that would be submerged, 
i t  was decided in consultation with the Indentor, the Chief Engineer 
for Irrigation, Madras, to eco~lomize by preparing instead contoured 
photo-mosaics on the scale of 4 inches to 1 mile with contours a t  
10 feet vertical interval of the area from the site of the proposed 
dam, upstream to  a height of 420 feet above mean eea-level. 
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( ii ) Description of Country.-The reservoir area consisted of 
low jungle clad hills interspersed with open cultivtitad valley8 which 
were partly flat and partly undulating. 

( iii ) Existing Framework.-The existing tl.igonornetrica1 oon- 
trol in the re~ervoir area was :- 

( a ) Old minor topographical triangulation carried out by 
7 different triangulators in various Reason8 between 
1916 and 1922. 

( b ) Levelling lines carried out by the P.W.1). along 
longitudinal and cross-sections of the reservoir area, 
a t  about half-mile intervals and up to  a height of 
400 feet above mean sea-level. The heights of this 
levelling were adjusted to G.T. Levelling heights. 

( iv ) Height Control.-To provide adequate height control for 
contouring photo-mosaics the following methods by which to supple- 
ment the existing control were considered :- 

( a ) To cover the area by n network of fiupplementary tri- 
angulation and further supplement this by theodolite 
traversing or clinometric heights, wherever necessary. 

( b ) To provide additional heights by clinometer, using 
2-inch scale blue print enlargements of I-inch maps 
mounted on plane-tables. 

( c ) To identify and check existing P.W.D. levelling heights 
and supplement these by tertiarg levelling wherever 
necessary. 

( v ) Methods Adopted.-A scrutiny of the old triangulation 
data revealed that the heights of some of the common points of the 
various triangulators differed by as much as 12 feet and that the 
triangulated heights had not been adjusted to  the spirit-level net. 
It would have involved considerable time and labour to adjust the 
various triangulation series to bring the heights to  terms of the 
spirit-level net before the heights could be accepted for 10-foot 
contouring. It was, therefore, decided to adopt the methods described 
in para ( iv ) ( c ) above, although it  was released that many of the 
P.W.D. levelling heights may not be identifiable on the ground and 
that a rigorous check of the P.W.D. levelling heights would be 
necessary before they could be accepted. 

As the field work proceeded, it  was found that only about 30% 
of the P.W.D. cross-section level lines and about 20% of the heights 
of any cross-section line were identifiable, even with the help of the 
P.W.D. levellers. Tertiary level lines were, therefore, run between 
P.W.D. cross-section lines, starting and closing on identified 
P.W.D. marks. Additional heights were thrown out where neces- 
sary and pin-pointed on photographs on the ground. The P.W.D. 
levelling heights were subjected to frequent checks inter-se and also 
by connections made to  G.T. bench-marks in the area. A few 
large errors were detected and rectified. 



SEC. v ] TECHNlCAL NOTEB, SOUTHERN CIRCLE 66 

In flat grou~rd where oontour~ were few end fbr apart, tertiary 
level l i n a  were run along each contour. 

( v i  ) Out-turn. -A detachment comisting of 3 Surveyore 
( Topographict~l A ~ ~ i s t a n t 8  ) and 6 Topogrephioal Train- Type 'B ', 
all new to this type of work completed the height oontml aad 
post-pointing on 4-inch photo enlargement, of an of 360 
square miles in a period of 4 months. The dt.tsr.l~mrnt waa 
supervised by n Class I1 Officer. 

( vii ) Value of Methode.-The methods a d o p t 4  proved sucoese- 
ful. Ry utilizing the exieting P. W.D. levelling there was conwider- 
able saving in time and labour. The fixing of height control by 
levelling rather than by triangulation or theodolite traverse proved 
to be more econolnical for the type of count,ry covered. 

44. Other Projects.--The other project rj~r\~eyrj carried out by 
the Headquarters Section were :- 

( i ) 16-inch PennBr Dam survey in Sheet 57 N 
( ii ) 16-inch air survey and mapping of Bangalore Town 

Extension in Sheet 57 H. 
( iii ) 16-inch air survey of Dgvangere Town and Environs in 

Sheet 48 N. 
( iv ) 4-inch air survey of Moj Reservoir in Sheet 41 K. 

The normal methods were used for ground control and the 
radial line method was used for air surrey compilation. 

For town surveys, verification of detail was carried out on the 
ground and corltours were surveyed on the ground by the clinopole 
method, using foil-mounted blue prints and black prints of the air 
survey compilations. 

No. 6 PARTY 
Mr. B. N. Murthp, ~ . s c . ,  to 2 - 1 1 4 .  

in chrge '- {hb. bf. R. Nab, B.A., h D l  3-1 1 4 .  

45. General.-The party carried out the following eurvey pro- 
gramme during the two seasons 1947-48 and 1948-49 :- 

( a ) A blue print survey on tho 1-inch soale of Sheets 46 GI 1 ,  
2 , 3 , 4 , 6 , 7 , 8 , 9 , 1 1 , 1 2 , 1 3 , 1 6 .  

( b ) Air-cum-ground survey of Sheets 46 C/11, 12, 13, 14, 15, 
16 ; Dl9 and 13, 14 and H/1, 2. 

( c ) Original air survey on the 2-inch scale of the Limdi 
and Vajpur Dam sites. 

( d  ) Air-cum-ground survey on the 2-inch sca.le of t.he 
Dharoi Dam site. 

( e ) Original air-cum-ground survey on the 32-inch scale of 
the Uk&i Dam site. 

( f ) Original air-cum-ground eurvey on the 4-inch d e  of the 
Moj Commanded Area. 
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( g ) Planimetric and height control for ( e ) and ( f ) above 
and for the proposed UkZli Reservoir eurvey. 

46. Blue Print Survey.-Existing surveys were pre- 1908, pub- 
lished in old style sheets. Prints of the old ~ t y l e  a l ~ e e t a  were 
moaaiced on the modern lay-out on the 1-inch acttle using exieting 
triangulation framework as control. Poii-mount,d blue printe on 
1-inah scale of tlie mosaics were obtained for plane-table sectionr. 
The snrvev was carried out by the nortnal ground survtby methods 
laid down in Cl~apter V of' the 'l'opographicttl Handbook. Existing 
triangulation n~ id  traversc fr.,~mc-work was used after careful veri- 
fication ant1 check on the gl.ountl. 

47. Air-cum-Ground Survey.-Tllrec~ tliff'orent methods, all 
of' an esperinlental nature, were enlployed for this survey, which was 
the first of its kind assignetL to the party. 

((L ) For the survey of' Sl~eets 46 C'13, 14, detail waH verified 
and inlced-up on air photogrnplls 011 t l ~ e  gro~xncl. Contours were 
survoyecl on the ground on black prints of the old 2-inch maps, using 
for height control the existing triangulated heights supplemented 
where necessary by additional heights fixed by theodolite obser- 
vations. The contoured field sections thus produced were then 
reduced to tlie scale of 1 - 9  inches to a mile, the mean scale of the air 
photographs, and blue prints obtained on kodatrace. Detail from 
the inked-up photographs and contours from tho field sections were 
then traced on the kodatrace blue prints from which blue prints were 
finally obtained for fair mapping. Colour traces were maintained in 
the field for each air photograph. 

( b ) For the survey of sheets 46 C/11, 12, 15, 16 blue prints were 
obtained of existing old style maps on the mean scale of the air 
ph~t~ographs. On these blue prints detail was corrected/inserted by 
tracing direct from the air photographs using existing framework 
and unchanged detail as control. The prints thus prepared were 
photographed to the 13-inch scale and black prints obtained on foil- 
mounted plane-tablo sections on which ground verification and 
contouring on the ground was carried out. Colour traces were 
maintained in the fielcl for each plane-table section, on which all 
detail was inked in proper colours. 

( c ) In methods ( a ) and ( b ) above it was found that there 
was distortion of the graticules in the blue and black prints prepared 
from old style maps, which it  was troublesome to eliminate. For 
the survey of Sheets 46 Dl9 and 13, 15 ; HI1 and 2, therefore, the 
following method was adopted :- 

Mosaics were prepared of the old surveys on standard projections 
I)y carefully fitting the old surveys to the plotted positions of the 
t rii~ngulation framework. From these mosaics foil-mounted blue 
pr-blts were obtained for plane-table sections on the 2-inch scale, the 
mean scale of the air p h ~ t o ~ r a p h s .  Fieldwork was then carried 
out in three stages :- 

( i ) Plane-table reconnaissance for fixing anxiliary points ; 
post-pointing o'f auxiliary pointu on photographs ; 
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verifioation end inking of detail not dear on photo- 
graphs. 

( ii ) Tracing and compilation of detail from photographs on 
t o  the plane-table oeotiom, controlled by exiating 
fmnlework and auxihry points. 

( iii ) Ground verification of detail and contouring on the 
ground and inking of plane-tables in coloura. 

The courltry covered Ly tllesc *urvtAJ s consi~ltb lnainly of tlle 
great nlluvial plai~ls of B~.oacll and Surat &striate, gently slopklg 
towards the coast of tht: rll*ahian Sen. Tt is Uevoid of any eminences 
except for a few flat-toppeti hill8 in Sl~eets 46 D:14 and H/2 and a 
few palm covered hillocks of  end drift formed ~,arallel to  the maat 
line. Due to the fiatness of the country auxiliary tree points had to 
be extensively flagged for identifi~at~ion. As many nf the old t r i -  
angulation stations anti point.; were unidentifial)le, a careful p ~ -  
liminary plane-table reconnrtiswnnce was necessary to provide ad(.- 
quate control. 

48. Air Surveys of Limdi and Vajpur Dam Sites.-Tliese were 
carried out by normal rigorous air survey methods based on the 
existing plan control only. Sinca existing height control wae 
insuficient for contouring thin was eupplt.mented on the ground bv 
plane-t~ble  and clinometer. 

49. Air-cum-Ground Survey of Dharoi Dam Site.-The method 
adopted for this survey was the same as that  describecl in pen\. 
47 ( r ) above. 

50 .  Uk3i Dam Site Survey.-'I'hc~ survey required H'W of 811 

area of 2 - 3  square n~iles on the 32-incli scale with contours a t  5 feet 
vertical interval. The area was photographed on the 14-inch scale 
and enlargements obtained on the 32-inch male. 

During the course of air survey conlpilatiol~ in tlie field u ~ d e r  
camp conditions, it was found that the photo enlargen1c?rits and the 
kodatrace distorted beyond the permissible limits during the course 
of the day, and satisfactory atljustnient of nlinor control plot: s  as, 
therefore, not possible. The surrey WRS, thewfore, can-ied out by 
normal plane-tabling methods. 

For the 32-incli scale surrey special precltutiol~s wew taken 6 r  
centering plane-table:: over co~itrol points which were provided at 
intervals of about a quarter of a mile apart. Plane-table traverses 
were run by the back and fo rw~rd  ray method rind wem limited t o  
about R, quarter of a mile in length between starting and closing 
points. All distances were masurnd by chain or clinopole. 

The clinopole was used for contouring, its use being restricted 
to  a distance of 150 feet from the plane-table, be.vond which it w w  
found to give plottable errors in distance on the scale of survey. 
tn h t  gmmd every contour was tramd by dim@. In rloping 
ground every aitesnate o r  third contour waa tawed by dinopok, the 
intermediate oontounr being plotted h r n  the tmeed a ~ b u r s .  l n  
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hilly ground the 26-foot or BO-foot contour, according to stetrplle~8, 
was traced by clinopole and the intermediate contours interpolated 
with the help of spot I.ieig1its fixed by clinometer. 

51.  Moj Commanded Area Survey.-The object of the Aurvey 
was the production of n 4-inch mttp of the commaitded a~-n of about 
60 square miles with contours a t  one-foot interval. The specification 
also stipulated the fixing of "stones on the grour~d a t  or near the 
corners of a 30-chain grid, their heights above Mean Sea-Level given 
to the nearest one tenth of n foot ttnd their positions 111ilrked on the 
4-inch tnaps of the area". 

The area consists of open flat to slightly undulatirig country 
with trees in the vicinity of villages. There were patches of im- 
penetrable babul jungle near the south extremit,y of the area. The 
Moj River flowing north to south divided the area into npproximately 
two equal parts. 

Detail survey was carried out by air survey methods and veri- 
fied on the ground. Con to~~rs  were surveyed on the ground with the 
aid of a dense network of hcights fixed by levelling. The levelling 
heights were based on the heights of triangulntetl stations in the area. 
There was no precision levelling in the vicinity of the area. 

Main level lines by clouble tertiary levelling connecting all 
perimeter stones were first run around the area and then down the 
centre of the area along both banks of the Moj River. Internal 
levelling was then carried out by single tertiary levelling to connect 
up the other stones. The closing error in the main line was 0 -4 feet 
in 47 linear miles and in t'he tie lines the closing error did not exceed 
0 -2  feet in any line. 

Stones were supplied by the Saurashtra Government and were 
of dressed limestone 9 inches by 9 inches by 2 feet. Stones were 
embedded in the ground with 6 inches projecting above ground 
level and were numbered serially as bench-marks. Numbers were 
printed with coal-tar. All stones were post-pointed on the photo- 
graphs. 

52. UkZi Reservoir Survey.-The survey demand was for 
maps on the scale of 4 inches to 1 mile with contours a t  10 feet verti- 
cal interval up to limit of 360 feet and a t  5 feet vertical interval 
from 360 to 410 feet above mean sea-level. 

Only planimetric control for air survey compilation was carried 
out during the field season by normal triangulation. 

No. 8 PARTY 

Mr. P. A. Thomas, to 31-10-48. 
'IRcer in chw '-{Mr. P. S. Shingal, &om 1-1148. 

53. General.-No. 8 Party continued to be employed mainly 
on the Tungabhadra Project in Hyderabad. Air survey for the 
Kistna Dam Site was also undertaken by this party. 
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54. Tungabhadra Commanded Area ( Tungabhsdra Project ) .-- 
During the two field seaeons covered by this report the party 
remained primarily engaged on completing the planimetric and 
height control for tho 4-inch air survey of the area commanded by 
the Tungabhdra Project in t3heeb 56 D, H, L and 57 A, E and I. 
This project work was aseigned to the party in 1948 and i~ deecribed 
in the General Report, 1947. A detailed description of the variow 
technical methods umd is given in the Technical Report for 1947. 
These metllods have proved very satisfactory and there has been no 
occasion to revise them or introduce any new methode. Field out- 
turn increased progressively as persorinel became more aritl more 
familiar with the technical methods. 

55. Cost Rates.-Table 'C'  for the cod-rates of the Tunga- 
bhadra Project survey is not included in this repol*. The cost-rate 
has varied from year to year due to unforeseen factor0 such w the 
political situation in Hyderabad State, the introduction of new pa,y 
scales, the rising cost of labour and transport, etc. An accurate 
cost-rate can only be calculated for the project as a whole a t  the 
conclusion of the fieldwork. The mst-rate has shown a progressive 
rise from 8 annas per acre estimated in 1948 to 10# annas per aore in 
1947-48 and 12 annas per acre in 1949. 

56. Kistna Dam Site Survey.-The party took up the air 
survey for the Kistna Dam site on the 16-inch scale. The Dam site 
is located just below the junction of the Kistna and Tungabhadr~ 
rivers in Madras. Planimetric and height control w a ~  tsrnpleted by 
normal methods of triangulation and levelling. Heights wem b a d  
on G.T. precision level heights, to wliioh connections were made by 
double tertiary levelling and Hunter's Short Base traverse. A few 
river-depths were measured to bed-rock level along and near to two 
possible axes of the proposed dam as these are of coneiderable value 
to the planning engineers. 

No. 17 PARTY 

Mr. M. R. Nair, a.a., to 8-9-47. 
Ofleer in charge :- Mr. M. M. Ganapathy, n.a.. from 9-947 to 4-349. 

Mr. J. A. Cabral, fiom 5-3-49 ( current duties ). 

57. General.-For field season 1948-49 the party was allotted 
the air-cum-ground survey of Sheets Nos. 48 I/7,8, 1 1, 12, 15 and 16, 
an area of 1627 squaie miles excluding the area of Goa in Sheets 
48 117 and 8. The area was covered by pre-1905 surveys, published 
in old style sheets Nos. 245, 246, 277, 278, 307 and 308. 

58. Air Cover.-The area had been phot.ographed in two 
parts :- 

( a ) On the scale of 1 -7  inches to 1 mile ( a p p r o ~ .  ) in Feb- 
ruary 1947. 

( b ) On the scale of 1 ~ 5 5  inches to 1 mile ( approx. ) in April 
1947. 



70 TECHNICAL REPORT [ PARTB I $11,  1948-40 

59. Air Compilation.-Air compilation and detail survey wl~a 
carried out in recess 1948 by a batch of senior trainees. 

In order to make as much use as possible of the old surveys, 
prints of the old style 1-inch maps were mosaiced on the modern 
1-inch layout after applying the necessary corrections to the old 
latitude and longitude values. Mounicing was controlled by exist- 
ing triangulation framework. These mosaics were then photo- 
graphically enlarged to the mean scale of air photography ( 1 .fl 
inches to 1 mile approx. ) and blue prints obtained on kodatrace. 
Air survey compilation was carried out on the kodatrace blue  print,^ 
again using the existing triangulation framework as control. 

60. Field Work.-Fieldwork consisted of ground verification 
and contouring and was carried out by Trainees on 1-inch scale blue 
print reductions of the air silrvey compila.tions, Zinc-mounted 
hlue prints were used. 

Owing to the densely wooded nature of the ground, fieldwork 
had to be carried out almost entirely by plane-table traverse. 

Reserved forest boundaries were not cleared a t  the time of 
survey and were, therefore, extremely difficult to locate on the ground. 
Up-to-date forest maps were obtained from the Forest Department 
Officials and the boundaries traced on the ground from these and 
surveyed with reference to adjacent detail. 

61. Description of Country.-The whole area consisted of 
fairly hilly country oovered by dense mixed forest in which bamboo 
predominates. 

62. Comments on Methods.-The pre-1905 surveys were 
found to be of good quality and very few changes were found in 
detail as a result of the rigorous verification in the field. Most 
of the errors found on the ground were due to faulty identification 
on air photographs a t  the time of compilation. 



VI. APPENDIX TO TECHNICAL NOTES 

Tminiiag Syllabw for C h a  IIItJeruice, Tqmgraphicd 
Traineee, Type ' B' 

Qrend Total 
total muon Period Item 
weeks w e e h  w e e b  

. . . . 8 A( a ) Preliminary leotures and drawing. 

28 26 I4 A c ) 1/25,000 s d e  plane-tabling i n c l u d ~ d l  pro- 
paratory work, e.g. :-Mounting p ne-tabb 
lutotion, projection of graticule, projeotion of 
grid, plotting trig. points, oompletion of 
border items of seotion. 

Bw t h o  Nota ( i  ) below Itam A( d ). 

. . 31 6 A( d ) Introduction to six survey--etereoooopio exami- 
nation of air photograph. Indexing photo- 
paphe. Interpretation of sir photographs 
~ncluding identification on the photograph of 
aeleoted pointa on the ground and vioe versa. 
Correction of the 1/25,000 scale map p r o d u d  
in A(c ) from the air photographs, i.e., improve- 
ment of shapes of streams, etc. All items in 
A(d) are done on photographa covering arena 
eurveyed in A( c ). 

Nok  :--( i ) Dependimg on the dak of conrmcnra- 
men1 o/ the course, it may aometimeu be climaii- 
cally undenirable to carry out A( d ) in the r a w  
area as A( c ). In f h t  case :- 

( a ) Air pllographs of ~JM area wiU be Marsd 
for i k m  A( c ) and sonu i n d r u c l k  i n  
t k i r  inkrpreldion and w e  given. 

( b ) l'k w e  Morouqh i&odtlclioR b air 
rurvcy wil l  follow immediatelg afh A( c ) 
but wiU be cwrdcd oul i n  the other s d  
orco. I f  poeeible, Lllc m a t i o n  of the 
1/26,000 male map, produced i n  A( c ), 
from air photograph wiU be carried w 
wing printu of crkting 1/25,000 acdc 
plane-itable, cMicd out by p r e h  trainem 
i n  that s e u u d  MU. 

( ii ) On m p k i i o n  of item A( d ) permud loill 
be Gbss@.d w + 

Clars A.0.-Pdtnlid air and g~ovAd rw- 
and -. 

,, 0.-Potdual ground nwvc#o?I a d  
d r a w .  

,, D.-Pdartmal d r @ m e m  d y .  

(iii) Dsptndingmfhad&of mm- o 
-88 $rat Winter/Summw u l  

w o r k m a ~ c n d w d h m p k i ~  4/ iLtl)) A ( c )  
o r A ( d ) .  
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Training Syllabus for Clase I I I  Service, Topographical 
l'rainea, Type ' B '-( oontd. ) 

Grnnd Total 
total season Period Item 
weeh  weeke w e e h  

43 12 12 B( e ) Fair drawing, including stamp typing for all 
three clwses. On completion :- 

( 1 ) Weed out t h o ~  not likely to  make even 
Class D. 

( 2 ) Personnel qudifying as Class 1) only 
are posted away from the training unit. 

5% 21 '3 B( f ) Class A.G.-Air survey to stage of detail survey. 
Class G.-Theodolite traverse, rectangulation, 

large scale town surveys. 

Note :-(i ) Above, plus possibly item A( d ), 
completes 1st Summer/Winter season's work. 

(ii ) Further disoards fiom Class A.G. to  class 
G. are now made. 

6'3 17 17 C( g ) 1 inch to 1 mile plane-tabling :-Includes pre- 
paration for taking the field of 10 days to  
2 weeks. 

Class A.G. finishes with 2 to  3 weeks post- 
pointing by 1 inch plane-table height fixation 
of points for height control of air survey and 
identification of points on air photographs. 
Some points are pre-pointed, i.e., air photo- 
graph8 not used but identification sketches of 
points made and points later identi6ed on 
the photographs and checked on the ground. 

Class G. finishes with 2 to  3 weeke tertiary 
levelling. 

Note :-Class a. are now either posted, away from 
the training unit or employed for the remainder 
of the season on drawing or further 1 inch 
plane-tabling whichever is m s t  required. 

72 20 3 C( h ) C h a  A.G.-Tertiary levelling. 

78 26 4 C( j ) Clam A.G.-Large soale town surveye. 

Note :-Above eompletee the 2nd Winter/Summr 
seuaon's work. 

104 26 26 D( k ) Air survey including oontouring and produotive 
work for half the period ( 13 weeks ). Oblique 
air survey ( Indian Oblique method ) taught 
to selected trainees only who have made 
rapid progress. 

Note ;-Above compktea the 2nd Summer/ Winter 
seaem's work and C ' h s  A.Q. are now posted 
atmy from the training unit. 



PART 11.-MAP PUBLICATION AND OFFICE WORK 

TECHNICAL NOTES 

Major Gnrnbhir Singh, I.A. ,  to 6-10-47. 
Lt.-Col. H. W. Wright, o.B.E.. B.E.. from 8-10-47 - . . 

to 6-2-48. 
Mr. D. N.  Banerji. L.o.E., from 6-2-48 to 27-8-48 

I and 16-9-48 to 30-9-48. 
Mr. T. M. C. Alexander, from 28-8-48 to 15-L)-48. 
Major J. S. Paintal, B.I.E., from 1-10-48. 

Major Gambhir Singh, I.A.. tu 1-11-47. 
Major R. A. Cardiner. M.B.E.. M.A., B.E., from 

12- 11 -47 to 2-2-48. 
DEPUTY DIRECTOR:- Mr. H. M. Critchell. from 3-2-48 to 2-7-48. 

I Mr. I). N. Banerji, L.c.E., from 3-7-48 9-7-48. 
Mr. T. M. C. Alexander, from 10-7-48 to 31-16-48. 
Major J. S .  Paintal, B.I.E., from 1-1148. 

VII. PRINTING AND REPRODUCTION OF MAPS 

63. General.-The period under review has been uneventful 
in so far as the introduction of any major new technique i con- 
cerned. The chief aotivities on the reproduction side were 

( a ) the reprinting of maps to  build up our war depleted 
civil stocks, and 

( b ) the printing of large size multi-colour posters for 
various Government Departments. 

64. Reproduction from Black Print Originals.-The absence 
of fair drawn originals for many sheets, due to partition and other 
causes, has forced ue in many cases to go back to Black Print 
Originals, often of bad quality. Negatives from such originals 
seldom have sufficient density to produce satisfactory printing 
plates. The following method of intensification was tried out and 
found satisfactory in dealing with poor quality Black Print Ori- 
ginals :- 

A slightly under-exposed negative of the original ( to ensure 
that smudges and dirty back ground do not come out ) is first 
produced. This is varnished, to preserve the film, and then coated 
with the sensitising solution used in the Powder Process. 

The negative is then given a short exposure from the back, 
which has the effect of making the solution 'tacky' more especially 
where the line work is. The negative is then dusted over with 
lamp black and a good contrasty effect obtained. 



I N D E X  M A P S  

INDEX A.-Modern Topographical Surveys bnd CsmpiLti9n. 
INDEX C.-Index showing Project Surveys in hand. 

N,B.--The above two indexee are the same a9 Indexes A ~ n d  0 
whioh appear in the General Report, 1948-49. 
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