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INTRODUCTION 

The object of this 1.epo1.t is to place on record the survey work 
which has been carriecl out in recent years in connection with Irrigation 
Projects in the Punjab. It is intended to serve as a guide both to 
irrigation engineers and to survey officers, when initiating such nork  in 
the future. Section I & I1 deal with preliminary cons~derations and 
will be of interest to the Irrigation and Revenue Departments as well 
as to the Survey of India. Sections 111 to V I  are devoted to methods 
of work, outturn to be expected and cost rates. Only new methods 
have been dealt with, which fall outside the normal work of the Survey 
of India Department, as everything pertaining to the latter is fully 
described in other professional publications. 





SECTION 1 

OBJECTS OF RECTANGULATION AND ITS 
ATTENDANT OPERATIONS, WITH A BRIEF 

HISTORY OF WORK IN T H E  PUNJAB 

Rectangnlation ma! be definetl as the  divitling u p  of a n y  portion of 1. 
land surface into rectangles of tixed size by accurate methcds, and Delinitions 
demarcating their corners with permanent marlis. 

Tlie area wl~icli can be so divided, without change of origin, is 
subject to the ordinary limitations governing the  use of rectangular 
co-ordinates and it shonld not be carried further than  about  2 degrees 
East or TVest of tile origin. 

The  general lay out of rect,angnlation, as hereafter described, is 
subdivided into blocks, and main and small rectangles, which may be de- 
fine11 as follo~vs :- 

HlocJs. Thcse are mnlt~ples  of main rectangles, sheets, and c l~ar ta  
and form a convenient basis for design of main traverse and levelling 
circuits. Their lettering is utilized in the  numbering of stones, charts 
and sheets. 

M a i n  rectnnqlrs. These are bile rectangles the  corners of which are 
indepcndent,ly fixed b!. t r a v e r s i n ~ ,  all fur ther  breaking u p  being sub- 
sequently accomplished by sub-d~visiou . 

Smal l  recttril,~le.s. This term is used for the  ultimate rectangles as 
demarcated and levelletl for  purposes of tlie project. 

lkct,nngulation combines, in a single operation, the   requirement.^ 2. 
of the Trrigalion and Revenne Departments as  regards engineering and Objects and 
adrninistlxtion. ndunntages. - 

I n  R riot,e on t11r sllhject, the Chief Engineer Irrigation Works  3. 
Ponjab l ~ a s  w r ~ t t c n  as f o l l o ~ s  :- Irrigation 

" The aim of nn Trriqation Pl.oject is to  bring water hy gravity flow 
froni its nat~lrnl sonrce tllr river, thronrrh the main canal, into 
distribatitrirs, slit1 so dcli\.er i t ,  tliro\:qh the water-ronrses, t o  tlle 
inclividual irrigators a t  the h i g h s t  polnts of the unit  rectangles. 

Tlie tletailcd contoured maps are thus invaluable, firstly to  the  
general dcsign of the Project as  a whole, secondly, t o  the accurate 
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3, " alignment, design and estimate of the main canal and distributaries, 
(Contd.) while thirdly, the Rectangulation system and its attendant levels 

together with necessary topographical features, are essential to 
tlie correct design, estimate and construction of the water-courses 
on which the success of the Project very largely depends. Indeed 
i t  is not too much to  say tha t  the great success of the older 
Colonl- Canals is due, in a large measure, to their system of 
rectangulation and levelling, for without it ,  the highly efficient 
and well designed system of water-courses, which the canals pos- 
sess, coulcl not have been obtained ". 

4. The Chief Engineer, Lloyd Barrage and Canals Constrnction, in 
a-note to  111e Government of Bombay recommending a similar system 
for the Sukkur Project,, tabr~lates tlle advantages from an irrigation 
point of view as follonrs :- 

" ( n ) To enable an efficient and economical lay-out of water- 
courses and thereby ensure equitable distribution of 
water. 

( b ) To  facilitate the economical nse of water. 
( c ) To  facilitate inspection of irrigation and crops by all con- 

cerned, by the owner himself as \\.ell as by Government 
oficials. 

( d )  To facilitate assessment of irrigation dues and levy irriga- 
tion charges in the simplest and most equitable manner 
possible. 

( e )  'I'o avoid loss of liead of water by making the channel6 
follow the sides and diagonals of squares, instead of 
allowing them to wriggle over the face of the 
country. 

( . f )  To have a simple graphic record of irrigable areas and 
so avoid having to depend largely on the lower grades 
of the revenue and irrigation staff for information. 

(g ) 'I'o arrive a t  a definite unit of irrigation i e.  tlie acre, recog- 
n~sable for pnrposes of assessment, instead of the present 
 nit, the survey number, of indefinite shape ant1 size, for 
which full assessment is chargeable whether \\,holly or 

0 
only part,ially cultivated. 

( h  ) To enable acc~irate data to be obtained for the imposition 
of penalties for breac.11 of rules ". 

5. A further quotation from tlie report by the Chief Engineer, Irriea- 
tion Works, Pun jab, will illustrate the advantages of the rectangrilatloll 
syetem as providing a permanent bask for settlement and its necegsary 
plans. 
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'' Settlement and Land Revenue assessment efficiency have been 5, 
greatly increasgd by Rectangnlation, as it has provided fields of (Contd . )  

regular shape and size, and, what is more important,, of fised boun- 
daries, while the consecluent economy in the cost of ol~erations of 
tlie bi-annual assessme~lt is considerable ". 

-1 brief history of the irrigation surreys in the Punjab has been 6, 
compiled by t l ~ e  Chief Engineer, Irrigation Works Punjab as follows:- ~ i s t o r y .  

(a) The first spstenl of ltectaugulation introduced in this Yrovince 
was on the Lonler Chenab Canal (survyecl  1890, constrr~cted 
1892-1900), where the area to be irrigated consisted of nnsurveyed 
barren wastes. It was thus essential first to prepare a detailed 
contour survey for purposes of design and construction of irriga- 
tion channels. The necessary preliminary to this was to  divlde 
np the waste area suitably by means of some sj-stem of rectanou- 

rn. 
lation which would permit levels to he obtainecl a t  some fixed (11s- 
tance apart. 
(1) The systenl \\.as so deviscd as to provide, in addition to the 

above, units suitable for allotnlellt to irrigators, 1vI1ich units 
would be capable of sub-division into smaller units suitable for 
registration of irrigation and for revenue assessment. Originally 
the unit selected was tlie square (popularly known throughout the 
Punjab as 'Murraha', of 1100 feet side and al~proximately 2'1.7 
acres in area). This unit was sub-divided into 25 smaller units of 
rather more than an acre. 
(c) I n  the earlier Irrigation Projects, i . e .  tlle Lower Cl~euab Canal 
(surveyed lt19U) constructecl lb92-1900) and the Lower Jhelum 
Canal (snrveyed 1888-08, constructed 1898-l!)l7), the frarne work 
of the Rectangulation mas lait1 out by the Irrigation Branch. 
The Revenue Department then carried out the division ancl sub- 
division into m i t s  and sub-uuits, and tlie Irrigation Branch com- 
pleted the levelling, contouring ant1 mapping. 
( t i )  While this system mas a very great step for\\rartl it had its 

defects in that  :- 
(i) -The work was not as accurate as i t  could have been, ancl 
(ii).-the various systenls of Rectangnlation on the different 

Projects, and indeed in different portions of the same 
Project, were not correlated to, but indepenclent of, each 
other. Conseqnently the aid of the Survey ot' India was 
sotigllt and they laitl out the frame-\vork ot' tile Kectan- 
galatlion by base lines a t  n b o ~ ~ t  5 miles intervals, wllile 
the Revrnuc ant1 Irrigation Departments completed the 
work as before. 

( c )  With the advent of the Snrvrr  of India into tllc field of opera- 
tion the former unit, namely the ' Square'  of 2 7 . 7  acres, 
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6 disappeared, the new unit, the ' Rectangle ', of 25 acres, of sides 
(Contd ) 1100 - 990 feet, taking its place. (The zamindars however conti- 

nuing the popular term ' Murraba ' which is not now strictlj 
correct but  is in general use). 

The sob-division into 25 equal parts continncd, each sub-unit 
being as before called a 'Kiln', thong11 now of exactly 1 acre in area. 
( f )  The valuable help thus afforded by the Survey of India next 

led to  still further co-operation by them in the enrve: s and plans for 
the Thal Project. Here, in add~tion to I l ~ e  base lines, tlley laid out 
rectangles of 100 acres, and materially 11el~1cd tlie work of t h e  
Irrigation Branch levelling, by running lines of precise levels and 
providing bench m a r t s  a t  close intervals, and also, for the first 
time, b j  printing contoured maps for the Irrigation Branch. 
(g) This co-operation n-as still further cxtended 011 t l ~ c  Sutlcj 

1-alley Project, now nnder tonst~uct ion,  \vhei.e the entire area 
(over 9 million acres) has been rectangulated into 100 01. 25 acre 
rectangles as desired. Also tl!is entire area has been levelled, 
contoured, and mapped in detail. 

( I , )  I o  the surveys for the Haveli Project to be undertaken in 
1926-7-8 the Snrvey of India will again do all the rectangulat~on, 
levelling, contouriog and topography as in the case of the Sutlej 
I ra l le j  Project. They will also do the mapping and printing, arrd 
in this they are co-operating so as to enable tlie Irrigation 13ratlch 
to improve on the maps as supplied hereto ". 

i 
ltirerain Detsc l i rne~~t  . . , I Lower Dari DoaL Canal ! 1 DOG to 1909 

1 & 1911 to 

7 .  The followiu,rr are the Projects for which, in ~ a l . y i n ~  degree, the 
Survey of India has carried out survey olberations. 

Name of Party Locality 
I 1 Yield Seas011 

i 1914 
Hiveraiu 1)eiachuent (iujmt llectaugular Survey, 1913-11 

Irpper J l~elrim Canal I 

Sind S a ~ a r  Party, (Pulljab) 

Sind Sagar Yarty, ( No. 23 
Party ) . . 

No. 23 Party . .. . . . 

Sind Sagar Doab ( Thal 1 1917-2 1 
Yroject ) 

Sutlej Valle~-  l'roject 
Haveli Project 

No. 24 Party . . Sulikur Project 

1920-26 
1926- 

(I11 lxogress) 
1026- 

(I11 progress) 



SECTION I1 

PRELIMINARY CONSIDERATIONS FOR DECISION 
BETWEEN T H E  IRRIGATION AND REVENUE 
DEPARTMENTS AND THE SURVEY OF INDIA 

BEFORE PREPARING T H E  SCHEME 

( a ) Size. The  size of main rectangles is governed by  survey 8. 
considerations alone and slionld be the  largest posslble compatible with Main rect- 

the  possibility of sub-tlivisioa, ~vitl l in l~ermissible limits of error, by angles 

the  methods emploj-ed. Tllcy m a s t  be capable of suh-division into 
rectangles of the  dimensious reqairet1 by  the I r ~ . i ~ a t i o l i  ant1 Revenue 
Departments, and their sizc s l~ould be (letermined af ter  tha t  of t h e  
small rectangles. 

'l'he actual l imit of size lias been found to  be about 3 miles by 
2 mile3 in very open country but,  as fi l~ality in methods of work has not  
necessarily been obtained, this should not bc considered as  fixed. I n  
ordinary country about R j  miles by 1 miles is ])referable. 

(i) ~ r i e j r t n i i o , , .  ltrctangles nlay be orientated in any  direction, 
either t rue North and Soath, or in relation to the  ~ e n e r a l  slope of the  
grouud. It is iriadvisable to  c l ~ a ~ l g e  tlle orientatiou unless absolutely 
necessary, as  there woultl be considerable confusion a t  the  junction of 
the different systems. N o r t l ~  and Sont,ll, or E a s t  and TYest, are the  
most co~lvenielit alicl s l~ould bc adl~ered to  n~lienever possible. As a 
result of the  method of de~aarcat~iou, all sides of main rectangles are 
cleared on the ground, but  only those sides of the small  rectangles 
which are parallel to the short  sides of main rectangles. As l e re l l i~ ig  
is greatly facilitated by being carried out  along cleared lilies, main 
rectangles should be so orientated tliat their short sides lie in the 
direction of levelling, which is usually tliat of the slope of the  ground. 
Under the  Block circuit system of levelling hereafter described, th is  
can usually be effected by correct planning of circuits. I n  tha t  case 
the  only factor affecting tlie orientation of tlie long and short  sides is 
tha t  traveraiug is reclnced to  a mitli~nunl by beiug carried along the  
latter which should therefore lie in tlie most suitable direction. 

fn) Size. The size of small r c c t a n ~ l c s  is decided by the Irrigation 9, 
and lteveriue 1)epartments. The  governing consiclerations are t,Ilat they small rect- 
should be capable of sub-division into final plots of the  desired ~ n g l e a .  
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9. dimensions and tha t  they shoulcl be of the size necessary to provicle levels 
(COntd.' a t  points desired for the planning of the project. 'l'hns, if i t  is intended to 

sub-divide e~rentnally to i acre, t l ~ e  sinall rectangles ma!- be 100 or 25 
acres, \\,hereas, if the final plots are to be 2 acres, they should be f i k  01. 

16 acres. I t  is not risrlal for the Survey of Intlia to sub-divide below 
the size necessary to give the requisite n ~ i n ~ b e r  of levels. Flirther sub- 
division can conveniently be carried out by the departments concerned. 
I n  the Sutlej \-alley, the Sul.vej of Iudia carried out tleinal*cation to 
100 acres, ml~ereas sub-division to 25 acres was done by the Revenue 
staff. The clisadrantage of this system was that, as levelling was to be 
to 2 5  acres, i t  was necessary for the levellers to wait until the 25 acres 
rectangulation hacl been carried out  by another department, over whicl~ 
the Snrvej- of Tndia liad no control, before they ct)uld start work. As 
the closest co-ordination is necessary to get qniclrest and most economi- 
cal results, it mill usually be better for the same agency t o  carry out the 
levelling and the rectangulation to the size required for it. 

( b )  O r i e a I a t i o ~ ~ .  The orientation of small rectangles is not of much 
importance if the difference between t,he long and short sides is not 
great. If the short sicles lie in the direction in which the levels are run, 
the distance between levels along these sides is slightly decreased and 
increasecl along the long sides, and the Irrigation Department should 
decide which arrangement they prefer. 

10. These vary with local co.nditions. In  the Punjab, where the karan~ 
Dimensions is the unit of measurement by Revenue surveyors, an acre 220 Feet by 
Of 198 feet has beer1 adopted, these lengths being measureable in karams 

(54 feet). I n  Sind, where the lievenue surveyors use a 33 foet chain, 
or halE a Gunter's chain, an acre of 4 by Za Glinter's chains, or 264 feet 
by 163 feet has becn l)roposetl. 

11. I n  the Sntlej Valley, where rectangulation was carriecl out by the 
Numbering Survey of India to 100 acres, and by the lievenue staff to 25 acres, the 
of  stones. system of numbering allowed for 25 acre stones being included, so t(11at 

numbering by the Survey of India was not consecutive. It is therefore 
necessary to clecide down to what sized rectarlgles the system of num- 
bering is to apply, before i t  can be devised. 

'1l1e method of numbering stones actually adopted is illustrated in 
plate I1 a .  It consists of the sub-division of a block into numbered 
rectansles and the numbering of the stones falling in each of these, 
starting from the north-west corner. Thus the stones of numbered 
rectangle No. 5,  in Block A ,  are h 2, + and so on. I t  1)errnits of many 
variations, by different sub-tlivisions of tlie block. 

It is important that  the systeru shorild give syminetrical results for 
tho Fnal maps ancl charts, beca~ise it is not possible to nnmber all stones 
on these, and the nambering of an)- ~ltone should therefore be easily cal- 
culable. I t  is also convenient that  the numbering should be symmetrical 
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as regards kliakas, bu t  this slioald be subservient to  the  a,bove considera- 11. 
tion. Both these results are obtained if the  numbered r e c t a n ~ l c  is a (Contd.) 

sub-division of both a main rectangle, t . e ,  of a k l~aka ,  ancl of s l ~ e c t  or 
a chart, as was tlie case in tlie Sut le j  Valle!-. 

mr1ie~l an exact  umber of main rectanqles falls in a sheet or clin~.t, 
the  numbered rectangles migh t  coincide with them, this  system beilly 
very convenient for use in tlie field. Alternatively the  numbcretl rcct 
angles miglit coiucitle with sheets or charts. This  ivould be inconke- 
nient as regards kliakas unless tlie n u m b e r i u ~  011 these were rendered 
symmetrical by there h e i ~ l q a n  exact number of main rectanqles i n  a sheet. 
B u t  the  advantage from tlie point of vie\\- of a clear nnmbering system 
for the sllcets is so great, that, the  former disaclvanta~e,  ~vhicli  can be 
qot over by nnmbering stones on khakas a t  l ~ e ~ t l  qusrtcr- beForc issue, 
miglit very well be overruled \Trhere firla1 rectancles inclutled in the  
n o m b r r i n ~  system are verj- small, this system mould result in very high 
numbers ;tntl 111ight be 1.11le 1 0111 on tha t  a c c w n t .  These alternative 
systems are illl~straterl in plates IT a, b, c. 

Levels are provitled a t  the corners of small rrctangleo ant1 a t  inter- 12. 
mediate points along their siclcs, (see plate X). The  numbrr  ant1 posi- 
tions of levels ~1101ild hc tlecitlctl by tlir Irrigation I>epa~.tment. J t  
should be clecitlerl whether atlditional levels are reqniretl where l i t~es  cut  
to~~ograpliical features. The  qurstion is cliscnssed in para 14,. Special 
orc1e1-s are also required 011 the qnestion of ground levels, as (l isc~lsse~l 
in para 51. 

The Irrigation Department normally requires level charts showing 13 
positions rind values of levels. T11e scale and size of these charts depentl Leoelcha,ts 
on tlie IISP to nrliicli they nliil nltimately be put. 

( 1 1 )  ,I7ul bused on rlcfaib elwue!/ .  Col~tour  sheets comlinetl wit11 tile 14. 
level c l~al- ts  are nsually cont,ourrtl a t  1 foot int,ervals. Tl'here no d e h i l  Cotitour 
snl.ver i s  n n t l e ~ . t , ? . k ~ n .  t l l p s p  0 a . n  hn nr-nnn.~-prl  h l ~ t  it  ~ n n c t  hc~ . ~ r r , l n . . c t n - , l  sheets. 

Pn,ye 7 ,  para. 1.4, l i m  6 ,fi.orn boldom 

For " As details are taken " read " :\s levels are taken " 
rectangIe corners or p ~ ~ n t s  a t  fixc[l tlistancea Eetweeu them, i t  follows 
tha t  these cannot be utilised to  show ridges, depressio~~z;, or thc true 
~ h a p e  of the ground. An improvenient call be effected by talring addi- 
tional levels nt  topographical featnres but  any  work of this sor t  can be 
b u t  a partial remedy, as such levels call only be obtained a l o ~ ~ g  the  lines 
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of levellinq, and all features or portions of features not c u t  by these 
will be missed. Contouring without detail survey can never be re- 
garded as  satisfactory, t l ~ o u q h  it may be useful, provided its limitations 
are unde~stood.  It must  be realized t h a t  the  accuracy of the  contours 
depends largelr on t h e  distance apar t  of levels and, where the necessities 
of the  project o i ~ l y  demand say 100 acre rectangles, a very great deal 
of the  accurac?, ml~ich cor~l(l be obtained with say 25 acre rectangles, 
is sacrificed. An example of this ltind of contour sheet appears in 
plate X V I I .  

(6) Combined 7r;itll netoi l  S ~ I T I Y ~ .  Very much improved contour 
sheets can be prepared by conbicleration of levels combined with detail, 
even thollg11 contouring 1s not done on the  ground. To  carry out accu- 
rate c o n t o n ~ i n ~  a t  1 foot interval morild be a very costly and lengthv 
unclcrtaliing a,nrl would almost certainly be ~ ) r o l ~ ~ b i t i v e ,  both in time 
and cost. If however highly trained persoi~nel were available, the  qnes- 
tion of accurate cotltonring on tire ground might  in some cases be 
considered. 

It, would be possible to effect a compromise by contouring only 
difficult portions on the  ground. The  extent t o  which this nrould be 
feasible or desirable would clepel~d on circumstances such as nature of 
the  ground, time, and personnel available. In normal slightly undulating 
or nearl:. flat gronnd, contour sheets based on levels and detail shoulcl be 
tl1lite sa t isfactov,  ever) if prepared in office, especially when based on 25 
or 16 acre levelling. 

DETAIL ST;RT7EY 

The scale of snrve! sl~oulcl conform to tha t  of the level and contour 
sheets. I n  the case of recent surveys, 4 inches to  1 mile has been found 
convenient, and, in the  case of the  Ilaveli Project, compiled redr~ctions 
on scale 1 inch to  I mile have also been asked for. 

It is important lo decide what detail sho~iltl be shown and what 
ornittcd. Detail shor~ltl not be omitted h e c a u ~ e  it is not required for the 
preliminxl-ies of the projec4, and dnc consideration shoultl be given to 
w h a t  \v111 e ren tua l l~ .  be reclnlred for ],lanning the  final details. All . . 
e x ~ s t i n q  detail could usually be shown 011 the  scale of survey without 
unclr~e overcrowding, but it is tlesirable not to  confuse the plans by 
~ h o ~ r i n ~  all!-thinq n h i c l ~  is unnecessary. Trees and varioris jnngle and 
scrah s!mbols are 11su~1l.v shown on Survey of Intlia mape, b r ~ t  w011Id 
not qenerallv be recluired on these special maps, and i f  not, sho~lltl be 
oruittctl. Cr~ltikation l)o~indnries are r~nlikely to be useful. They are 
of n o  interest to  the  l r r izat ion T)epartmcllt and must,  of necessity, 
all cli.sapr)ear as soon as  new itrigation is introducetl. Village bou~daries  
are ver!. troublesome t o  survey, especially when not clearly demarcated, 
and under certain circumstances, such as the prospect of their being 
speedily scrapped, migh t  not be required. 
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Names of all villages and hamlets should be shown but i t  may not 17. 
be necessary to show those of wells, mhich are usually numerous in Names. 

this type of country. The names of these wells are seldom permanent, 
depending on who is the owner a t  the time of survey. The wells them- 
selves are of great importance, but the Irrigation Department usually 
gives numbers to them and is not interested in temporary names. As 
the saving of typing effected by omitting them is very considerable and 
the reproduction of maps much accelerated, permission should be sought 
to do so, as has been done in the later sheets for the Sutlej Valley 
Project. 

Jn  the case of a special survey undertaken for the Panjnacl Weir 18. 
Site of the Sutlej Valley Project most of the detail survey fell outside 

s u ~ / ~ ~ & ~ a r  
the rectangulated area. I n  order to give the engineers datum levels, ,,;, 
pillars were built by them in snitable positions, which mere fixed by 
traverse and levelled. Pillars and their levels were shown on the 4 inch 
maps and the co-ordinates of the former supplied. 

It may be necessary, where rivers with flnct,uatinc channels and 
banks are concerned, to survey them annnallj- in the ne~ghbourhood of 
Weir Sites. If in such areas rectangulatioil, wit11 levelling based on it, 
is too far off to satisfy requirements, ~t may be desirable to fix and level 
points as described above. These pillars would form permanent fixed 
points on which annual surveys could be based. A specimen of the 
Panjnad Weir Survey appears in plate XX. 

In the event of detail survey not being required and existing 19. 
surveys being cousidered adequate, contour sheets coiild be prepared Rectmgula- 

t ion  and con- combined with the latter, but  as existing n ~ a p s  would probably be on a tour 
small scale, i t  might not be possible to show contours a t  1 foot interval. c o m b i n ed 
Even if contouring were not reqaired, i t  xvould probably be useful to with ex;sting 

provide a set of existing maps with rectaugulation plotted on them, this suruey maps. 

being the most convenient way of recording it .  

P R I N T I N G  

The printing of detail sheets and level charts should be carefully 
conside~ed, keeping in view the uses to which they are to be put. The 
Irrigat~on Department have to use t l~ose 1,lans to prepare their project. 
If suitably printed therefore, thoy can also be ~isetl conve~~iently as a 
basis for final plans showing the completed work; which plans mill in 
their turn have to be reproduced. Plans for the Haveli Project have 
been very carefnlly considered on these lines and the conclrisions arrived 
at  are embodied in saml)lo plans X V I I I  a & b). I n  addition, a 
black print of topographical detail onlp will be printed and a series of 
1 inch to 1 mile maps prepared by reduction (plate XXI).  
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20. The objects of these are :- 
(Contd.) ( a ) Plate X V I I I  a .  For planning distributaries, the contours being 

emphasized and the detail subordinated. 
( 6 ) Plate X V I I I  b. For planning water-courses, etc., and a0 a 

basis for final plans. These sheets, except for levels, will be printed i n  
a blue which mill not reproduce, so tha t  the Irrigation Department can 
shorn all details required on their final plans. These details only, 
together with levels, will appear on reproduction. 

( c ) The black print, showing topographical detail only, is intended 
to clear up any points which may not be clear on the combined plans. 

( d ) The 1 inch to 1 mile maps are intended to illustrate reports. 
Plate X I X  shows a sheet as  prepared for the Sutlej Valley Project, 

in black only, with contours in brown. 

PROGRAMME 

It is necessary to co-ordinate the rectangulation, Ievelling and 
detail survey so that maps may reach the engineers in as short a time 
as possible. 

Normally rectangulation is started firet, preceded by any necessary 
triangulation or traversing. Levelling may proceed yari  paeslb, as soon 
as r e ~ t a n g ~ l a t i o n  is suffic~entJy advanced to permit of a start, and, as 
levelling 1s a quicker operation, the same area should usually be 
r e ~ t a n ~ i i l a t e d  and levelled in one field season. Detail survey should 

star t  the follorving field season, although i t  may be desirable, 
in came of great urgency or to employ personnel, to  make it. follow the 
rectangulation more closely, remembering that  normally the latter is 
necessary ae a basis for the survey. It must also be.rememberec1 that, 
where detail survey is taken up prior to levelling being completed and 
results received, no attempt can be made to contour any portions on 
the ground. 

Taking into consideration the personnel available, a rough pro- 
gramme should be drawn up in conformity with the above and ap- 
proved by the Irrigation Department. 

22. ( a )  Dimensions and orientation of small rectangles. S k e  is 6 
8ummary of mliltiple of that of final plots, involving settlement of the dimensions t o  

points for 
decision. be adopted for the acre. Orientation depends on the desired arrangement 

of levels. 
( b )  Dimensions and orientation of main rectangles, the former 

being mainly a survey consideration, orientation being milch as to bring 
cleared lines in the direction of levelling and to satisfy reclt~il.ements of 
traversing. 
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( c ) Numbering of stones. 22. 
(Contd.) 

( d ) Number and position of levels and whether intermediate levels 
should be taken to indicate topographical features and changes of slope. 
What orders should be issued 1.e ground levels on mounds and artificial 
ground. 

( e )  Scale aud form of level charts, which will be tha t  of contour 
and detail sheets. 

( f )  Whether, in the event of no detail survey being asked for, 
contour sheets are required, after consideration of their probable useful- 
noss and their limitations. 

(9) I n  case a detail survey is required, scale of survey and whether 
compiled maps on smaller scale are required, what detail should be shown 
and if any can be omitted. Whether the nature of the ground is likely 
to necessitate any contouring being done on the spot. As rectangulation 
is usoally confined to high ground, not liable to inundation, i t  is prob- 
able that detail survey will be required t,o extend outside the rectangu- 
lated area and this point should be decided. 

( h )  Whether any special surveys are required near weir sites. 
( i )  I n  the event of existing detail surveys being considered ade- 

quate, whether ally contour slieets are required based on them or, if not, 
the qnestion of plotting rectangulation on existing maps. 

( j )  Form of printing of detail, level, and contour sheets and 
number of copies required. 

( k )  Rough programme of work to be carried out  each year so that  
i t  may be completed when required. 



SECTION 1.11 

PRELIMINARY WORK PRIOR T O  TAKING 
T H E  FIELD 

G E N E R A L  

23 I n  addition t o  the  us~ ia l  correspondence with local officials which is 
necessary when a par ty  takes the  field, a Government notification 
~honlcl be issued to  ensure tha t  survey marks and stones are not tamper- 
ed with. T h e  following is a copy of the  Punjab  Government notifica- 
tion issued for the  Sind Sagar  Doab Rectangulation, which may be 
taken as  an example. 

Reventle ccitd d/iricrillure Irri!/uiion. Notification No. 9930R dated 
Lahore the  30th April 1918. 

" Under Section 107 ( I ) of the  Punjab Land Revenue Act  1 887, it 
is hereby notified t h a t  rectangu1n.r survey for  the  purpose of canal 
alignment, colonisation and the preparation of a recortl of rights is 
being made b: the  officer in charge of the  Sind Sagar Par tv  of the  
Survey of India Department in the  area situated between the river 
Indns  and the rivers Jhelum and Chenab, lying within t l ~ e  limits 
of the  R.Ii:~uwali, Shahpur,  Muzaffargarh and J h u n g  districts, res- 
pectively, and commonly known as  the  Sind Sagar  Doab, and that  
pillars of stone, iron and wood will be erected as  survey marks in 
the  said area by the said o 5 c e r  ". 

O n  the  s t rength of thiB notification, district o5cials  should be asked 
to issue s t r ingent  orders, tha t  no survey stone or mark shoulcl be 
tampered with  under th rea t  of punishment. 

R E C T A N G U L A T I O N  

24. ( a )  Selection of the  most suitable origin and computation of cor- 
Prel imlnnry ners of existing 1 inch or smaller wale maps relative to it. 

work. ( b ) Showing on 1 inch maps the  projected main ~.ectangles relative 
to  the  same origin. As these maps will have to  be issued to  trianglilators 
or traversers, a sufficient nnmber must  be prepared for them and for other 
purposes. 

( c ) PI-eparation of an index map on convenient scale, say 1 inch to 
4 miles, showing blocks and rectangles, ( see  plate 111) .  

( d ) Despatch of index map for reprodoction. 
( e ) Division of the  area in to zones, each containing a stone clepot. 

Distance apar t  of depots fiho~ild average 4 or 5 miles or as considered 
convenient, considering the  form of transport available, ( see plate III ). 

(, f ) Calcr~lation of nnmber of stooes required for each zone adtl i n  g 
5 "1, for breakages and arranging for their supply at  the depots. 
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( g  ) Decision as to method of numbering of stones ( see plates 24, 
I1 a ,  b ,  c. and para 11 ) and preparation of a block plan showing this. (Contd.) 
This plan should be approved by the Irrigation Departn~ent  before repro- 
duction. 

( A ) -  Plotting, on a copy of index map, of all existing triangulation 
and traverse data for consideration of triangulation or traversing required. 

( i ) Preparation of khakas and reproduction of a sufficient number 
of copies ( see plate V ). 

L E V E L L I N G  

Levellin: for the Sutlej Valley Project, which can be taken as typi- 25. 
cal, was of three kinds:- Alternatiue 

( a )  Cb,lf rol kvcjl c i r o l i f s .  These consist of secondary double 
levelling circuits, \\-it11 necessary tie lines to connect interred 
and inscriljed bench marlis and to join with the nearest . 

lines of high ~~rccision levelling, (see plate VI I I ) .  The 
system should be devised so as to provide bench marks as 
near to as many blocks as possible, so as to enable connec- 
tions to be inzcle wit11 tertiary clouble levelling circuits. 

It is esseuti:ll t l ~ a t  this control levelling should be absolutely 
relial~le and hence accuracy should not be sacrificed to 
speed and outturn. 

( b )  Tertiary double levelling round the perimeter of t.he area 
and in the form of circuits which were sub-divisions of 
blocks (see plates IXa, IXb). 

( r: ) Tertiary. single levelling along rectangulation lines starting 
and closing on double-levelled stones. 

An index map should be procured from the rectangulat,ion party, 26. 
sllowing the whole area as sub-divided into blocks, and a block index Index map. 
showing division of blocks into rectangles and systenl of numbering of 
stones. Lines of levelling can then be planned, bearing in mind tha t  
levelling (c) shonld follow cleared lines which mill be parallel to the 
short sides of main rectangles. Plates I X  a, b, show typical sub-clivi- 
sions of blocks into main rectangles, books am1 circuits. 

It is nrcclosary, before levelling (a) is commencetl, that  a sufficient 27. 
nnmher of intrrrcd bench marks (T jpe  BY'-see plate XVI)  should be Embedded 
built. This work is usually tlone by the Irrigation Department who bench 
shonld be infor~ned what is required. The bench inarks are embedded 
from 4, to El ~niles apart over the area. Secondary double levelling is 
usnally ea~*rietl along roads or other easy routes and interred bench 
marks sl~onlcl be placed, as far as possible, on stable ground and 011 sites 
where they are likely to be snch as in villages, bungalow 
cornpo~lnds etc. This work should, mlletlever possible, be done the 



27. 
(Conid.)  

28. 
Referring 

pillnra 

29. 
Inscribed 

bench marks. 

30 
Forms. 

31. 
Village mapa. 

IRRIGATION SURVEYS 

season before work is commenced, and before the rains. When ground is 
unstable the constructor should d ig  down to  firm and solid ground for 
the foundations of the bench marks, but  normally they are embedded 
with their tops 2 feet below ground. They should be suitably inscribed 
on the top, substituting for G,T.S. initials referring to the Irrigation 
Project (see plate XVI).  

Masonry referring pillars have also to be built, which may conve- 
niently be about 10 feet North of the bench marks. They should have 
suitable inscriptions such as those in the Sullej Valley which 

S.V.C. 
were B hf , 

10 ft. 

Bench marks should also be built a t  canal rest-houses which fall 
near the lines to be levelled, by inscribing stone slabs let into verandah 
floorings. When selecting a site for such bench marks, care should be 
taken to see tha t  the roof is not below 10 f t .  high, so that  a levelling 
staff can be placed on the mark. 

I n  addition to the usual forms in use by the Survey of India 
Department, speeial forms have to be prepared. Those used in the 
Sntlej Valley are shown in plates XII-XV. Plate X I 1  illustrates a page 
of the level book. Plate XI11 shows the form used for adjustment of 
Block circuits of tertiary double levelling, plate X I V  that used for 
recording tertiary double and single levelling. Plate X V  is the level- 
lers' diary form. 

D E T A I L  SURVEY 

Where village boundaries are required to be shown, village malls have 
to be obtained through the Uirector of Land Records and reduced to the 
scale of survey. This is a considerable undertaking, as the scale of 
village maps is generally large, and i t  is necessary to use some method by 
which a large staff can be employed on the work simultaneously. A 
convenient method of doing this has been found to be as follows. &sum- 
ing that  village maps are on the scale of PP inches to the mile and 
r~cluctions are required to the scale of 6 inches to the mile, transparent 
olass negatives are prepared, ruled into sql~ares of convenient size, say 8 
F 

inch. Squares one sixth this size are ruled and printer1 in blue on ra,g 
litho paper. The glass negatives are placed over the maps and 
reduction effected by eye, square by square, on the squared paper. Where 
time ir short, boundaries only may be shown on reductions, a8 i t  is seldom 
that  village maps are sufficiently accurate or complete to permit of 
much use being made of the detail. It must be remembered that 
village maps are original records and every care s'noulcl be taken in their 
use and in packing them for transit. Boxes containing them ~hould 
alwsjs  bo opened by a gazetted officer and if they are received in bad 
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condition, a report to tha t  effect should be immediately sent t o  the 31. 
Revenue Department. They should always be packed flat in tin lined ( C o n l d .  

boxes. 

As final sheets are prepared by direct photography from plane table 32. 
sections, a specimen should be projected with, as far as possible, all Plane tables. 
borders, headings, foot-notes etc., and printed in black on field sections 
before taking the field. Rectangulation lines should be shown, but i t  
may be desirable, for the sake of clearness, to omit minor sub-divisions. 
A projection of about 20 inches by 15 is a convenient size, but  the exact 
size of the sheets is affected by that  of the rectangles. 

As conventional signs will usually differ from those in normal use 33. 
in the Department, i t  is desirable to prepare specimens for use by plane- Conuentional 
tablers, showing any which do not appear on the tables a t  the foot of 
the plane table sections. 



SECTION I V  

METHOD OF WORK 

RECTANG U L A T I O N  

34. 
Methods. 

35. 
Triangu- 
lation or 

tmoersing. 

36. 
Triangu- 
lation, 

Main rectangles are demarcatecl by fixing their corners with re- 
ference to triangulation or traverse stations located as near them as 
possible. The work is carried out in four successive operations. 

( n ) Triangulation or traversing to fix stations near corner stones 
of main rectangles ( with preliminary traversing or triangulation, where 
necessary to form connection with G. T.  Stations ), and its computation, 

( b ) Location of corner stones of main rectangles by measurement 
of distance and bearing from stations. 

As a check on the accuracy of the work the  .traverser should connect 
each etone by traverse with one of his other stations and send the observed 
angle and distance t o  the computing section which should, by compu- 
tation, ascerlain whether the stone has been laid correctly. 

( c ) Exterior rectangulation. 
( d ) Interior rectangulation. 

Traversing is the more usual and satisfactory method, as the fixing 
of corner stones from one traverse station and closing on another gives 
an immediate check on the accuracy of the work. Moreover triaugula- 
tion, in flat ground, usually necessitates the use of high signals which 
do not give satisfactory results, whereas for traversing these are not 
required. Under exceptional circumstances, however, such as very open 
ground with mounds or low hills, triangulation may be resorted to, if it 
results in'greater cheapness and rapidity of execution. Triangulation 
might also be advantageous iu country too cut 1111 to admit of accurate 
cha~ning .  

Triangulation shoulcl consist of parallel series of cjriadrilateral 
figures running in the directiou of the rectangnlation, their stations 
being as close as possible to the theoretical posit~ons of the main rect- 
angle corners. The stations of every fourth series are observed, the 
remainder being intersected. These series should be joined a t  intervals 
of about 20 miles by parallel series running a t  right angles to them, the 
whole being tied to a continuous scries s k ~ r t i n g  the outer limit of the 
area (see plate IV).  

Before starting observations, the triangulator should carry out his 
reconnaissance with a plane table mounted with a 1 inch map with 
main rectangle8 shown on it. This consists of locating on the 
ground, by interpolation from much detail as  is available, ~os i t ions  for 
his stations and intereected points as  near as possible to the actual 
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corners O F  the rectangles. H a v i n ~  reconnoitred and fixed a t  least 8 36. 
stations in this way, he proceeds t o  observe the  net work thrls formecl, (Colrtd.) 

using signals and ladders as  describecl below. (See plate T711). 
As rectangulation is usually confined to high ground not  liable t o  

inundation, i t  is desirable to fix, by intersection, prominent points in low 
:round along river banks, to  form a basis for detail survey where there 
are no stones. 

Where triangulation is carried o u t  s season ahead, stations must  37. 
be semi-permanently marked by  stakes, which may be creosoted, 30 Marks. 

inches long and 3 inches square in section, and pointed a t  one end, as 
was the case in the  Sind Sagar  area. 'l'hese were driven into t h e  
ground, 9 inches beinz left  exposed. n ' i t l i  a view t o  the  recovery of 
the stakes in the  case of tlieir being obscured by drifts of sancl m ~ d  as a 

against damage or removal, clods of earth mere pilecl ronncl 
them, and t r~pods  made of s tout  branches of trees were erected over 
them and firmly fixed into the  gronnd. All stakes were placed under 
the custody of lumbardars of villages, receipt being taken for the  num- 
ber made over to them. 

Where computation proceeds pnri pnsslc and demarcation of main 
rcctnngles follows immediately, rough temporary marks  only are re- 
quired, to last until the  rectangle concerned has been demarcated and 
proved. Where, l~o~vever ,  location of corners follows immediately, b u t  
demarcation of rectangles is left till tlie I'ollowing season, semi-perma- 
nent marks shoulcl be erected, with the  same precautions as  regards loss. 

Signals (see  late V I I  ) were 20 and 30 feet high, made of chir 38. 
mood poles 10 feet long, with single or double joints, according t o  the  Signals. 
h e i ~ h t  of the signal, srirmountecl by a strong white cloth top  and held in 
pos~tion by means of four guy ropes fixed to  tlie lower ring of the  top. 
From experience it was found t h a t  the  ropes soon became loose and the  
poles sagged out of the vertical. This was tlrie to the  insecure hold for 
1)"s in the santl. The 30 feet, or double jointed signals mere useful 
to overcome obstacles such as trees or hamlets. The  double joint had 
however a tendency to weaken the  pole which conltl not always sustain 
the strain imposed on it. The  qreat  di~ar lvant~age of this signal was 
t1la.t it dill not keep verticxl ant1 was liable to  oscillation. 

I n  trinngnlation of t,liis natl~re,.mlicre high siqnals are a necessity, 
car? ~h011Id be ex(?~'cise(I i l l  t l l ~ i r  tlesign co tha t  these t l i f i c~~l t i e r  can be 
overcome as far as 1)~ssihle. Thrce pcgr inst,eatl of Fo11r wo~iltl faci litatme 
elxction O F  tile signals. P l ~ l r n m e t , ~  are s~lpplie!l, b ~ i t  a convenient and 
ra,l'i(l way of pl~imhing the signals rvonltl hc as follnms. (f(1.v ropes, 
c?rll(l he marlo all exactly the  szmo lengtli ant1 pe=s driven in at equal 
(ilstaliccs from t,he mark, s, tha t  the  point of a t tachment  of t h e  gliy 
ropes t1n tlie signals, i . e .  the base of the  signal top, worild be directJy 
over the mark. 
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39; Ladders were also used for reconnaissance purposes ( see plate VII )  
Ladders. consist,ing of a chir wood pole on a base in the shape of a cross. The 

pole carned seven circular iron bars pierced through i t  a t  intervals of 
1 foot, and was supported by three guy ropes. 

40. To ensrire accurate work, in addition to such traverses or triangula. 
Traoersing. tion as ma,v be necessary along the perimeter of the area, and to connect 

with G.T. worl;, a net work of main traverse circuits is run along the sides 
of blocks, with tie lines bisecting the blocks in both directions. Points 
should be fixed by intersection in low ground as laid down in para 36 
sub-para 3. 

Parallel sub-circuits are then run, conforming as near as possible 
to the rectangulation lines as plotted on the maps, stations being located 
near the tlieoretical positions of the corners of main rectangles. As the 
latter are fixed by measurement from one traverse station and checked 
by closing on another, a second station should be made a t  no great 
distance. 

Computations should always proceed pal i pasall and corners should 
be located as soon as possible, so that  only temporary marks are required 
for traverse st.ations. 

41. Where computation is carried out paripass~c with triangulation or 
Location of traversing, which shorlld always be done if possible, and invariably i n  

cornerstones. the case of traversing, location of colener stones should be carried out 
by the triangulators or traversers. Failing this, the work woald have to 
be clone by the exterior r e ~ t a n ~ u l a t o r s  the following season. This would 
be very r~nsatisfactory owing to the possiblity of obliteration of stations 
and the fact that  rectangulators woiild be required to possess higher 
qualifications than are expected of them when employed on their 
ordinary clnties. I11 the fo l l owi~~g  cliscussion i t  is therefore assumed that 
this is the case. 

42. As soon as computations are complete, triangulators or traversers 
F1xlng intist be supplied with khakas showing the distances and bearings of the 

corners. corners which they have to locate, ~selative to the nearest stations, and 
must tix them nccordingly, numbering the stones as soon as embedded. 

Hitherto it has been consideretl sufficient for the trianglilators or 
traversers to tlenlarcate the corners only, and it has been necessary for 
the exterior rectanqulators to obtain their initial direction by means of 
a theotlolite set a t  the conip~lterl angle between their forward stone and 
the nearest triangulation or traverse station. It shorild be possible 
avoid the use of the tlleodolite by rectangulators altogether if the trim- 
gi~lators or traversers, when emherldina stones, were to place stones or 
marlis in the clirections oE the adjacent corner stones, to eive rechn- 
cnlators their initial direct,ion, and this method will be p e n  a trial. 
( illso see notes on the new instrtiment in para 48 ). 
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As a check on the accuracy of the work the traverser should 42. 
connect each stone by traverse with one of his other stations and send (Contd.1 

the observed angle and distance to the computing section which should, 
by computation, ascertain whether the stone has been laid correctly. 

Before proceeding to his work each exterior rectang~lat~or receives 43. 
the khakas from the traversers, on which are shown the bearings and Exterior 

distances of each of his corner stones with reference to adjacent triau- rectangu- lotion. 

gulation or traverse stations. ( H e  woold not need this information if 
a mark had previously been placed when the corners were locatecl, as 
suggested in para 92 sub-para 2 ), H e  sllould also be given a copy of 
the portion of the stone dep8t chart which affects him. 

On arrival a t  his camp he should calculate the number of stones 44. 
which he intends to embed from i t  and send for them from the correct Stones. 

dep6t-or depGts as shown on the chart. 

Before starting each day's work he should decide the maximum 
number of stones he can embed during the day and give inetrnctions to 
his camel-man to follow him with these and t,o drop them at a prescribed 
time, one a t  each of the approximate positions of the stones, as marked 
by flags and pegs along the line he is demarcating. 

On proceeding to  his initial corner he should, if the forward line 45. 
has not already been indicated by a mark, obtain his initial directio~l Procedure. 
by setting off the angle between his for~vard corner stone and adjacent 
triangulation or traverse station and plant a flag in the direction obtained. 
Having erected a signal on the starting stone, he should proceed to 
demarcate the line in successive operations as follows. 

(a) He should prolong his line by aligning flags by means of his 
theodolite and, by measurement with a long chain, put in pegs ant1 erect 
flags at the correct distances between stones until he reaches t,he forward 
corner stone, where he should erect a second signal. As an a1te:mnative 
method, the procedure may be varied in open country and work very much 
simplified. It may be possible to erect a signal at  the forward corner 
stone before commencillg demarcation, thus farzilitating alignment and 
eliminating lateral error and the necessity of clearing a second line when 
correcting it. It must however be remembered t,hat the stone is some 
miles away and may be difficult t,o find, and much time ma1 be nrastecl in 
locating it under unfavourable conditions. 

( b )  After rneasllrillg llis closing error in distance and a l i~nmen t ,  
the latter a t  right anales to his chain line, return along the llnc and 
distribute the error a t  eacIl stone, clearing the line where necessary and 
erecting flags a t  the new positions. Tables of corrections to be applied 
can conve~lient l~ be prepared (see plate VI). 
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I R R I G A T I O N  SUBVEYS 

(c)  Check the  aiignment by  erecting his theodolite a t  one or more 
commanding positions on i t  and testing the  correctness of his posit,ion by 
measuring the  angle between the  two  signals. If this is not exactly 
180" he moves his theodolite until  i t  is so, thereby placing himself on 
the  correct line. H e  can now check and finally a l ign his flags. 

( d )  H a v i c g  carried out  operations (6) and (c), either separately or 
together according t o  circumstances, and  finally satisfied himself as to 
t h e  correctness of the  sites, he should embed and  number the  stones, 
entering the numbers o n  his khaka. Great  care must  be observed in 
embedding stones t h a t  the  correct position is maintained. T o  ensure this, 
i t  is useful to  place pegs a t  a measured distance in either direction along 
the  line, from which the'final position of t h e  stone can be checked by 
measurement. Stones are embedded with their tops 10 inchesaboveground 
and sholild face t h e  adjacent stones, thus  indicating their direction. 

The  maximum closing error which is usrially a,llowed is 1 in 1000, 
laterally or in distance. I f  the  error is greater than  this, the line must 
be re-demarcated and, if error persists, t h e  presumpt,ion is that, the forward 
corner stone is wrong in position. I f  this is found to  be so, tlie camp 
officer should be inforrnetl and the stone can be corrected, under his 
orders, b y  measurement from the  three adjacent main corner stones, t h e  
mean position obtained being accepted. 

This  consists of the final sub-division of the  main rectangles into 
their component rectangles by running lines between the intermediate 
stones, as fixed by the exterior rectangulators, and embedding stones at 
t h e  correct intervals along them. 

The  general method of work is the  same as  tha t  adopted bv the 
ex te r~or  men, except t h a t  interior men do not use theodol~tes.  The initial 
direction is obtained by laying off a r ight  angle with an  optical square. 
(Also see note on new ins t rumer~t  in para -18). This  is usrially done by 
aligning two flays one in either direction, along the exterior line and 
placing a third flag a t  right angles by taking the  mean of the two posi- 
tions obtained with the optical square frorn tllrse two flags. This initial 
line is prolonged as  before and subsecluent operations are similar 
Having no theoclol~te, the interior demarcator cannot clleck his align- 
ment  by the lSOO method, bu t  can do so by aligning two flags on one 
signal and checking the correctness of their alignment on the other. 

I n  very open country alternative methods may sometimes he adopt- 
ed in subtlividinq n, main rectangle. Where each flag along the main 
rectangle is visible from its opposite flag, interior stones may he placed in 
their correct positions by erecting flags at the  intersections of the llncs 
joining them, thus  eliminating all chaininq and a t l jun tn ie~~t  of closinbr 
errors. Every opportunity should be taken to  speed up the  work by 
taking advantage of favourable conditions. 



METHOD OF WORK 

A new instrument has been devised for  laying out  right angles 48. 
and other operations connected with rectangulation. h rectangular New instru- 
prism is en1l)loyed which, it is claimed, enables a r igh t  angle to  be laid 

ment. 

out accurately to within a minote. It c a n ~ i o t  g o  ou t  of adjust,ment, 
as can an optical square, and,  being on a stand, is f a r  more accurate 
and convenient to use. It is also fitted with a s i g h t  vane usable in 
both directions so t h a t  i t  can be utilized for a l igning flags, etc. It 
will be given a trial  and, if snccessful, shoulcl replace the  o p t ~ c a l  square 
and, i t  is hoped, the  tlieodolite for  rectangulators. 

The same work khaka is utilized througllout when locating corner 49. 
stones and carrying out exterior and interior r e ~ t a n ~ u l a t i o n .  I n  addi- Khakas. 
tion to the numbers of stones, rectangulators should enter on khakas 
the distances between them, as first measured, ( see plate V ) and the  
final distances after distribution of the  closing errors. Part,al khakas 
are dealt with under partalling. 

The work should be rigorously checked by mcasureruent with  50. 
a crinoline chain, and it has been customary for  partallers to  check Parts's. 

050°/o of the lines. One partaller is provided for 4 or 5 rectangulators, 
who may either be ordered by the  c a n ~ p  officer to  check certain 
lines or be attached to a group of rectangulators with general orders 
to partal 50°/, of the  work. 

Every partaller is given a partal  khaka  for each r e c t a n ~ l e  and 
first measures the distances between stones and enters them on ~ t .  H e  
then distributes the errors and re-embeds the  stones in their correct 
positions, noting the final measurements in red. It is not necessary 
to move stones to adjust any  small errors below 1 foot. IVhen he 
alters a stone, he draws an  open circle on the khaka on t h a t  side of the  
original stone symbol towards which he moves it. 

The partal kliakas s l~ould  be sent  to  camp officers on con~pletion, 
who should take necessary steps to punish rectangu!ators whose work 
is bad. It should however be rernelnbered t,hat partallers cannot 
always be trusted and r e ~ t a n ~ u l a t o r s  sholild not he condemned until 
their work has been checked by their camp officers. Camp o5cers  
should test partallers as  well as rectangulators. 

In order to avoid the necessity of realignment of interior rectau- 
gnlation owi~iji to shift ing of exterior stones, exterior work should 
always be partalled before interior work is commenced. 

l 'l~e object of levelling, as carried out  for irrigation projects, is 51. 
to provide g r o ~ ~ n t l  levels for corner stones of rectangles, and a t  inter- Ground leuel8 
mediate points. This is claalifiecl by the proviso t l ~ a t  tlie levels should required. 

not be taken oil inirrigabls mouncls or artificial features bu t  should 
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IRRIGLITTOX SURVEYS 

give the true height of the natural ground. This is very difficult to 
apply in practice and special orders should be given on the point. In 
the Sutlej Vallep, the orders have been that, where stones are placed 
on either mounds or depressions, the levels should be taken on the 
natural surface nearby, provided the distance of the staff from the 
stone is not more than 15 yards. I n  most cases this system is fairly 
satisfactory as the resultant contouring, based on the levels, shows 
the natural ground and ignores inkrigable features. It is a point 
however on which there are differences of opinion and the wishes of 
the Irrigation Department should always be ascertained before orders 
are issued. 

An alternative to the above system would be, always to obtain 
ground levels a t  the actual stones and to denote on level charts, either 
by underlining or printinq in a different way, which levels are not on 
natural ground and should be ignored when contouring. I n  the Haveli 
Project a compromise has been asked for, i .e.  tha t  the Sutlej Valley 
procedure sholild be continued where the difference in level concerned 
is not more than 2 feet, but  that, for differences greater than this, the 
alternative method suggested above should be adopted. 

Levelling in the Sutlej Valley, which may be talren as a type of 
such work, was carried out as  follows :- 

Srcondary r lo~~ble  2evelliny.-This was conducted on exactly the 
same lines, with observance of the same precautions, as '' simulta~~eous 
double levelling" of the Department, except tha t  greater latitude 
was allowed ae regards difference between levellers a t  each 
station which, in the Sutlej Valley, was 007 feet. Recording was done 
on Departmental forms 2 or 12 Levelling. 

Tertiary double levelling.-This differed from secondary double 
levelling as follows : - 

Both the levellers used the same set of staves and observed by placing 
their instruments side by side. Telescopic staves, Roorkee pattern. 
were used which were not guyed but held by khalaeis. They 
were placed on top4 of stones or, for ground levels, on specially desigu- 
ecl plates consisting of two cross pieces of iron each 64 inches long, 
section 1 inch by 4 inch, rivetted in the centre, an inch from each 
end being berr t downwards ant1 pointer]. No staff comparisons and 
corrections mere made. Small Zeiss levels wcl-e sometimes used in 
place of larqer instrurnenty. Work was carried orlt t h r o u ~ l ~ o u t  the 
day and the discrepancy allomecl between the mean and m~ddle wire 
was .OO. i  feet, and that  betwren two levellers at  any one station '01fl 
feet. M e ~ i i r e m e n t s  \srere sornrtimcv made by  acing and not 
chaining. No rerordern were nllo\\ ed. 
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M E T H O D  O F  WORK 
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Sides of circnits parallel to  terliary siilgle levelling lines were 53. 
treated as si~cli in every respect (see para 54), ground heights only (Contd.) 
being observed. Top  heights of stones were observed 011 other sides 
of circuits and groiincl heights of intermediate points. A cross mark  
was cut on the top of every stone of \vhich t h e  t o p  height was obser- 
ved, to indicate to  single levellers stones from which they could s ta r t  
and on which they could close their work. 

l f  one connectioii in each circuit  was impossible, a t  least two 
connections in each bloclc were made with adjacent secondary bencli 
marks, mean sea levels of tops of double-levellecl stones being thus  
determined. Each bench mark was connectecl to tmo s to i~es  and, if tlie 
difference between the  levels of these, as obtainetl bjr tlie bench mark 
connectors, and t h a t  obtained by circuit-levellers, tliffered by  more 
tllnn - 05  feet, a third was connected to  ascer ta~n  \\rhetlier stoiies had 
been disturbed. 

Recording was done on special form 13 (Plate  XI IT)  100 feet being 
adopted as the tlatum t~l i rougl~out .  O n  completion, field slieets were 
sent to section officers who checlied the  means, rise and  fall  and rednced 
levels. As soon as all fieltl sheets of tlie circuit were received form 
(Plate XIII) was completed by the  section officer and the  circuit error 
found. This is eitlicr the difference betmeen final and initial levels in a 
closed circuit or the clifference between relative heights a s  previously 
and now obtained for the  initial antl terminal pillars. i l d j u s t ~ n e n t  of 
error was done by distributing tlie closing error between reduced levels 
of all stones, disregarding intermediate points wliicll did not al)pear 011 

the adjnstment form. Mean sea levels mere rvorkecl out  dur ing recess 
or by a field computing section. 

Tertiary sir~gle Zcoelli~tg.-This was pract,ically similar to  tertiary 54. 
double levelling, but  carried ont  by one man. The  permissible Tertiary 

single closing error was 0 - 3  feet in the  dis ta l~ce of 64 miles. Singje levellers leue,,ins. 
read only to two places of decimals of a foot no differrnce b e ~ n g  nllowetl 
bct,\jreen the mean antl middle wires. 

I~evelling was carried out fro111 one double-l evellctl stone to another, 
?round heights bein: ohserved throuyhont, including those of terminal 
stfones. It' a terminal st,olle ~ a ' :  missinq, the  nearcat stone ml~ose top 
lleigllt was known wa.: connected. 

In  atltlition to point,s on thc Iiur, levels of points lying off i t  a t  r ight  
angles were taker1 (set plate S) .  The  riglit angle was o ~ i l ~ y  approxi- 
mzte, but i t  is tlesirnhlc tha t  levellers shonltl be given some inst.ru- 
merit to enable t , l ~ ~ n i  to oht,ain i t  more a c c l ~ ~ - a t r l y .  1)istatlces were 
~ls~lally obtained by pacing. I f  t,Iiis is not corlsitlcred s ~ ~ f i c i e n t l y  accu- 
rate, some ot,her form of measnremont rllrist he adol~ted.  Tllo most 
convcnietit would be a lint: of rope c u t  to the  required length, a similar 
rop"bei~lg used for measllrenlellt along the lines of levelling. 



I R R I G A T  ION S TTRVEYS 
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54. The  following detailed description of the  running of an  East  and 
[Contd )  W e s t  line along the  side of a 25 acre rectangle (see plate X) illustrates 

the  method employed. The back staff is placed on the  top of the  first 
pillilr on the  line, the  instrument being 275 feet from it, t h e  forma1.d 
staff on the first intermediate point. T h e  back staff is read, first on t h e  
stone ant1 then on the ground. T h e  forwarcl staff is then read. The 
inst rument  is then set u p  midway between the  intermediate point and 
t h e  next stolie and the back and forward staves read. The  level is then 
shifted 2174 feet south of the  formarcl stone, ancl the  back staff to a 
point 495 feet south of t h e  stone, t h e  staves being read. The  rise and 
fall and the relative heights obtained for Nor th  ancl South points are 
written in brackets, to  show t h a t  the  value is not included in the  East 
and \Vest line. This  routine is continued until the  terminal stone is 
reached. I f  a clay's work has to  be closed at an  intermediate stone, the 
staff is first placed on the  ground plate and then on to the  top of the 
closing stone. 

55. Recording is done on form 13 as already clescribetl under 
Distribution double levelling., ancl is similar t o  t h a t  of secondary double levelling. 

of error. , Is  each line is completed t h e  field sheets axe taken over by the section 
officer, who has the  means, rise or fall, and reduced levels checked. 
The  terminal error is then determined by taking the differences of level 
of the  closing and s tar t ing pillar by double levelling ancl by single 
levelling, the  difference between the  two giving the  error. 

The  following example will illustrate the  method :- 

Height  of terminal stone by double levelling . . . 107.333 
Height  O F  s tar t ing stolle by double levelling . . .  10:2.879 

4 -444 (a) 

Height  of terminal stone by sinqle levelling . . . 104.58 
Height  of s tar t ing stone by single levelling ... 100.00 

4 . 3 8  (h) 
Error (a-b)  - 0 .  I4 feet. 

Correction to  be applied to the  line is 4 (a-  b )  or -0 .07 feet. Double 
levelled heights of tsrminal stones are acceptetl ant1 above correction 
applietl to all othcr levels. This cnrrection is ralcnla.tet1 xtitl notrd 
dur ing the field season, and paased if within permissiblo limtts. I t  is 

a c t ~ i a l l ~  applietl to mean sea levels hy a field computing section or (luring 
recess. 

56 This consists of finally computing mean sea level3 of all stoncs and 
Computatlon. p i n t s ,  entering in level hooks, and p e p r i n g  rough spot level clla.rts 

(see plate X I ) .  



METHOD OF WORK 

'rile mean sea levels of te r t iary  double levelled stones a r e  first 56. 
determined, from t h e  l inow~l  mean eea level of a secondary levelling (ContdJ.  

bench mark as below :-- 

Mean sea level of bench m a r k  ... ... 337'7.296 f t .  
Reducecl levcl of stone f rom H. R.I. connection ... -8.4.21 ,, 

Meau sea level of d o n e  ... . . .  . . .  368.874 f t .  
From this mean sea level of the  s tone  a n d  i t s  adjus ted  reduced 

level of double levelling, t he  t rue  value of t h e  d a t u m  line nf t h e  circuit  
is determined as  belo\\r :- 

Mean sea level of s tone  . . .  ... . . 368.874 f t .  
. . .  Reduced level (he igh t  in circuit)  ... 96.362 ,, 

... Datum line . . .  . . .  . . .  272.512 f t .  
The value oE t h e  datrlnl line thus  obtained is added to  the  adjusted 

reduced level of each stone to obtain i t s  mean sea level. 
I 1  Lhe nle.zn sea level of single levelled stones a n d  other  points in 

single lines are  obt.ainec1 as  below : - -  

Meall sea level of s t a r t ing  s tone  ( f rom double levelling 
abstract)  . . .  . . .  ... ... 372.72 f t .  

Value accepted f o r  i t  by  s i n ~ l e  leveller ... 1 0 O . f i O  ,, 

. . .  Value of da tum ... . . .  272.72 ., 
... ', thk line correction (vide pa ra  55) . . .  +'0.04 ,, 

. . .  Datum . . .  . . .  . . .  272.76 f t .  
This last ~ a l u e  is :~clclerl t o  each reduced level of s ingle  line points. 
Meall sea levels of all points are  t! lus obtained. 
I 1  1 he ~ )~ .~ l )a ra t i c ,n  of levcl books is illustt.ated ill p la te  XI1 which is 57. 

self expla~la tor~. .  l l e a n  sea Icvels ol' tops of pillars are  entered in Leoel Books. 
l'e(l to Y places of rlecimals, and ground levels in black to two  places. 

011 the s l ~ o t  IevcI cllarts t o p  I ~ e i g I ~ t s  a re  no t  entered, only ground 58. 
levels to 2 1,lnces of clecimals. Aletllods of cnter ing levels and  preparing Leuelchalts- 
bllle prints arc illustrated in p la te  X I .  

The snrvcy being based "11 r c c l a l ~ ~ ~ i l a t i o ~ ~  stones, stone numbers 59. 
s l lo~ld  be \vri t te~l in Ilgllt blrle 011 tile p l a ~ l e  table sections before t ak ing  F;xed points 
tile fieltl. 

, the li~lnl rnap; arc? to  be rcl,rotlnred in 1)lack only, t h e  conven- 60. 
tlonal signs sI10~~10 be a l te~,cd  so nr t o  g ive  as great  n diversi ty as possi- Con"ent;onal 
blt!. If  a con v c ~ l t ~ o ~ l r l  sign,  rlurmally i n  use in the  l)epartrnent, signs. 
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I R R I G A T I O N  SURVEYS 

depends upon colour only t o  distinguish i t  from another, one or other 
mns t  be c.l~auged. T h e  conventional sign table a t  the  foot of the 
specimen sheet (plate XIX)  has been devised with this object in view. 

Country for irrigation usually consists largely of desert in which 
there are no streams, bu t  which contains many clepressions of various 
shapes and depths. These are very important and should not be 
omitted, however sliallow. It is convenient to  show them with a cliff 
symbol where their sides are vertical, with a firm line where well defin- 
ed, b u t  sloping, and with a broken line where vague and ill-detined. 
Relative heights sl~oulcl be frequent. A s  discussed under contouring, 
it is impossible to show snficient contours to  clepict these depreesions, 
or abrup t  changes of slope, and both shoulcl be shown conventionally by 
an appropriate syn~bol .  

All well definecl l~i l ls  should be s l ~ o w n ,  and, where ridges are 
prominent, form lines migh t  be entered on traces to assist i l l  contour- 
ing. Tlie extent to  which contouring can be Pa~ili tat~ed by tetnporary 
form lines indicating the elope of the  ground must  depend on circum- 
stances, and more especially on the  expertness of the surveyors available 
for the  work. 

Sa~id-hills present special difficulties, both from the stirvey poirit 
of view and from tha t  of contouriog. They are usually inirrigable antl 
only their limits need bc shown, contours b r ing  confinecl to irrigable 
ground. This  is exceedingly clifficult to  carry out in practice, especially 
where sancl-hills (lo not rise abrrlptly, but  are bordered by low sand r l n -  

dulations n ~ e r q i n z  into level ?round. Special orders shorll(1 be issued 
as to  how such :round should be dealt with, both by levellers and 
surveyors, after inspection of the  gronnd by tlie officer in c l i a r ~ e  and, 
if necessary, consultation with the  Irri*ztion Engineers. T l ~ e  ~ r ~ n c i p l e  
s h o ~ l t l  be borne in mind tha t  contours are required in irrigable, br11 not 
in inirrigable ground, the  latter being shown conventionally by tlie 
detail surveyors. 

The method of dealing with village boundaries mill depend on 
their Oiccnmcy, as taken from village maps, antl on the clearness with 
mhich they are demarcated on the ground. It llas been fount1 tha t  the 
most siiitahlc method is to  survey the t r i j l ~ n c t ~ o n s  of one village ant], 
roughly to iurlicate from villaqe map reduc t :o~~s  tllc positions wit11 refer- 
ence to them, of thoye oF all other villages 011 tllc snmf3 plane table section. 
1 1  - -  1 r~junct ions  mnst  then be surveyetl ahead O F  the \vorli, and villaqc houri- 
daries 1n1t on in hlae by a(1justment between them. T l i ~ ~ s ,  when 
ground is surveyed, villaqe borlnrlaries will already be sl~omn will1 
consitlerable accuracy, ar:d there s h o ~ ~ l d  eenerally be no clifficrllty in 
locating them on the  eround w i t h o ~ l t  having to make cxl~arlstive en- 
quiries from local offic~zls. Bounrlaries are often clearly demarcated 
in cultivated collntry b u t  not at all it1 waste land. 
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M E T H O D  OF WORK 

WThere boundaries are not  demarcated, b u t  can be sho\vn, as was 63.  
the case in the  Sutlej  Valley, from village maps which have been found (Confd.) 

accurate, i t  is probably better to  accept them than t o  encleavour to 
cl~eck or resurvey from local information which is not always reliable. 
111 o~hcr  words, when boundaries are found accurate when demarcated, 
they can generally be acceptecl where undemarcated. Where village 
maps are based on a n  inaccurate framework and are quite unreliable, 
n.ll~ch is not t,he case in the  Punjab, the  snrvey of village boundaries 
\~oulcl be a Inore formidable undertaking and a great deal of co-operation 
would have to be obtained from the local tleveniie Staff. 

I t  is possible to have rectangulation stones shown on village maps 
by the Revenue Staff, and in this way a compilation of village boun- 
daries can be made and p u t  on the plane table sections before t ak ing  
I he field. The disadvantage is t h a t  stones are not always shown correct- 
I!, antl i t  is doubtful if this method is worth while. 

Riverain da ta  should be collected prior to  survey, ancl the  positions 64, 
of atones roughly indicated to enable the surveyors to  locate and survey Riuerain 
thcm. It monld be possible to compute and plot these, b u t  i t  is not 
worth while owing to  the  abundance of other tixed stones. 

The ~isual field traces shor~lcl be kept  up and, as  field sections are 65. 
dl in black, i t  is desirable t o  elaborate the  traces more fully than is usual, Field traces, 
mainly with a view to the  maps being used later as a basis for 1 inch 
survey. I n  t.he Sut le j  Valley Project), traces \irere prepared which 
were practically colourecl editions of the  plane table sections, wit,h the  
additiou of reference numbers for names, the  same traces beinz used 
in recess as typers' guides. These traces can, if desired, be senl  to 
the Irrigation Department as advance copies of the  maps, to  be 
returned on receipt, of published copies. This  was done in t.lle case of 
the Sutlej \'alley, and was appreciated. I n  addition to  detail actually 
on t,lle plane table sections, any  further infor~nat ior~ likely to  help in 
contonring shoulcl be shown, ancl also any  detail necessar,v for future  
I inch maps, which has been omitted from the  irrigation plans. 

Thc above refers especially to ornamentat,ion. I t  must, however, be 66 
remembered that,, by the  t ime I inch maps are prepared, waste land Ormmen-  
will be andel. irri iation, and thus it is not desirable to spend time tntion. 

sllrveying the limit,s between cultivation and waste land, or on ornamenta- 
tion of the latter, r~nless reqniretl for the  Irrigation P ~ ~ o j e c i .  

Names arc tlealt with in the 11snn1 way, but  the  n u n ~ b c r  shown 67. 
~llonld be the n~ in imnm rrrl~iired hy tjbe Irrigation 13epartment. A11 Names. 

"llagfss antl hamlets sl~oultl be nametl bu t  verj- few nalncs of ~vclls should 
he ~Ilown. T l ~ c  llartler of wrlls a r r  seldom l > e ~ m ~ n ~ ~ e n t ,  a ~ r l  vary \\,it11 



I R R I G A T I O N  SIJRVEYS 

67. the  temporary owners. A s  they are very numerous, their omission 
(Contd.) results in a great  saving of time, ancl permission t o  omit them should 

be sought. 'C'liis does not  refer to  names of isolated wells in waste land, 
117hicl1 may be importaot.  

RECESS WORK 

68. I n  on!er to  accelerate the  submission of field sections for publica- 
Con7pletion tion, i t  is desirable to  s ta r t  a typ ing  a n d -  contouring section in the 

ofp'anetr 'ble licld. Each plane tsbler ehoultl complete three or four sections durinz sections rn 
recess rtnd in the field season, \vhicli should begin to reach head-quarters a t  about 

the field. the  end of the  second month. It should be possible to send tlw 
first batch for  publication before re turning t o  recess and to  make 
considerable headwn,y with the  second. 

69. Where small scale, say 1 inch to 1 mile, maps are required in 
Preparation addition t,o t h e  ordinary sheets, these m n ~ t  eit,her be drawn on blue 

of smnllscale 
maps. print  reductions of the detail sheets, or be producecl direct by photo- 

graphy from them. I f  t,he f o r n ~ e r  met.hod is adopted, a good deal of 
detail can probably be omitted. Whether  contol~rs  are possible on 
the  reduced maps must  depend on circumstances. Each small scale 
map would probably cover one block. A specimen redrawn 1 inch 
sheet appears in plate X X I .  

For the  Pnnjnad Weir  Site of t,he Sut le j  Val1e.v Project, a 1 inch 
index map, was prepwed by reduction from the eleven 
4 inch maps, and the  result appears in plat0 X X I I .  With 
a, view t o  this, names on the detailed sheet were handpr i l i t~d  a great 
deal larger than usual. One of the  component 4 inch maps appears in 
plate XX. 

70. There'are vario~is ways of carrying out ttlie compilation and the 
Compilation method adopted will vary with circnmsta.nc~s. Where a good deal of 

Of contour contouring is to  be dons on the  ground i t  might be desirable, 5efore sheets com- 
b,ned taking the field, to pri~lt ,  spot !evels on plane table sections in blue, l ~ l t  

detai l .  t,his methorl has not been tried. I n  this case cont,o~ir;ng might  be done 
on the  plane table sections in pencil, either in recess or the field, and 
traced. ,4 clisatlvan tage of this wonlrl be t.h.rt typing and contouring 
could not proceed s i m a l t a n e o ~ ~ s l ~  2nd work !r.oultl br? tlelaverl. In the 
averase sheet the amount  of tlotail which act,riall:~ affects t,he coptour- 
ing  is not great,  and the methot1 employetl has becn to  t.race the d e t d  
on to the  rough compilation sheets before s ta r t ins  the  contollrinq. 

Where 311 work is c l o n ~  in rpcesq, t h r  best p l . o ~ e , l ~ ~ r e  ir ~s fo1lon.s. 
A ,orid i~ prepared for pre~,arntion of IevcI ~ I ~ a r t s  (see ))Isate X I )  and 
two copics of t l ~ c  grid a le  printed i n  b111c for each s h w t .  OIIP COI)J' 



ME'I'HOD Ob' WORK 

is utilized by the levelling par ty  for  preparation of the  rough cornpila- 70. 
tion of level charts, which rough compilations, having the  levels entered (Contd.)  

in blue, are sent to the  par ty  preparing t h e  contour sheets. Details 
aflrctiny contouring are then transferred on to  the  blue p r i t ~ t s  ant1 
rough con~~i la t ions  of the  contour sheets carried o u t  on them. The  
remaining copy of the grid is utilized for fair  level charts.  

'l'he following points sho~ilcl be observed when carrying ou t  the  71. 
\vorI;. @ontours are only required in irrigable ground, ~ i i d  the  higher De'ine"t'on 

of hi l l  
ground is the most important.  No a t tempt  sl~onlcl he made to  contour feature,, 
iuirrigable hill features n ~ h i c l ~  have been shoivn con~ent iona l ly  on the 
field sections, but  cout.ours should merely be taken up to them. The ., 
country for irrigation is normally a confrisioo of ~inclulatioiis and 
depressions, there being no regular water features, e s c e l ~ t  large rivers. 
The depreseions may be either isolatecl and small, or the  beds of 
ole1 rivers and so more or less continuous. Usually the  highest ground 
is along the banks of old river beds, consisting of sil t  which has been 
deposited in the past, dur ing periodical overf l~wing of their banks by 
the rivers. As even the smallest depressions are normally too deep 
to l~ermit of the requisite number of contours a t  1 foot interval being 
drawn on the scale of survey, i t  is sufficient to. t'ake the  contours up to  
the banks ancl stop them there. Actiial contonring of depressions is 
not important as they are bound t'o be commaacled by n e i ~ h b o u r i n g  
water channels. I n  the  case of sudden c l~anges  of slope it is also 
frequently impossible to show a sufficient number of contoiirs, ancl a 
cllange having been shown convestionally as describecl under detqil 
sllrvey (para 59),  cor~ to~i r s  bot,h above and below shoulcl be rlln into 
tile symbol and stopped. 

contonrs should he kept  as contintioris as ~ ~ o s s i b l e  for the sake of 
clearness and t,o economise coutonr \r:tlries. For instanre, \vhere t,he 
levels sho\r two rises of height a t  some (listlance allart, in the absence 
of any intermediate level shonring the contrary, it. woolcl be assumed 
that, tlie rise is continriot~s and t,he feat111-e sl~oulil be shown by one 
colltor~r surrounding bot.11 levels, rat,ller tha,n by t,wo ring contours. 

()\\ing to the absence of water features contouring  consist,^ ma,inly 
of ring cont,ours, and it is tlifictilt to different.iate a t  a, glance between 
fllosr: s l ~ o m i n ~  rises and ttlose showing dei,rcssions. To facilitate this, 
~t is n vnry oseful convention to sI,o\v contour values, not breaking t'he 
contorlr as is ~lsrlally ,lone, bllt on the higher sides of them. Thus, 
not ODIJJ a.re the coAtot~rs in general nlatle fa.r easier to follo\v, hu t  the  
'lollbt's as to riscs ant1 (lel,ressions are r~lnovetl  becanse t.he contour 
vallle will a,lwaYs be illside a, ring contonr showing a rise, and ontsitle 
tllat; shoning a. tleImssion. I t  sllonld be remembered tallat, owing t;o 
tllc ahsencc of r e y ~ l a r  n.atcr features, cont.onrs are fa r  more clifficult 
to follow t11a11 in the case of normal ground, and contour va.lnes should 
be ercee(lingly nunierous. 



IRRIGATION SURVEYS 

FAIR DRAWING AND REPRODUCTION 

72. It is not proposed to discuss details of this work, as the methods 
Lsuell con- employed would depend on the form of prints required and other 

tour nnd 
detn , lsheets ,  circ~~rnstances. The importance of good registration is emphasized. 

'l'he spot level and contour sheets, which can be vandyked, are unlikel\. 
t o  be much distort,ed, having been dealt with under office conditions. 
The field detail sheets however are certain to suffer from a good cleal of 
distortion. As these have to be photographed, being on drawing paper 
mounted on cloth, the distortion can be corrected and the dimensions 
made to conform to those of the other sheets. 



SECTION V 
ORGANIZATION AND PERSONNEL 

GENERAL 

Organization will bc dealt with under the  following heads, a s  these 73, Sections. 
]lave hitherto been carried ou t  by separate parties or offices. 

(a) Rectangulation. 
(1) Levelling, including rough compilation of level charts. 
(c) Detail survey, including rough compilation of contour sheets. 
( d )  Fair drawing of level charts and collt,our sheets. 
(e) lteprocluction. 

I t  is probable t h a t  i t  will be found more economical and convenient 
for the same agency to  carry ou t  (c) and (d), b u t  th is  would depend on 
circumstances and the personnel available. 

It is necessary t l ~ a t  all activities should be co-ordinated, under one 74. 
head who should be responsible for the  $arming and organization of t h e  Ofleer i n  

charge 
\vol.k, in  consr~ltation with the  Irrigation and Revenr~e Departments. 
This can either be done by an  officer appointed to  administer without 
executive charge, or by tire officer in charge of one of the  parties concern- 
ed. In the latter case, a s  all  other work is dependent on rectangulation, 
and is preceded by it, the  officer in charge of rectangulation should 
be selected if possible, and the rectangulation party slionld be responsible 
for preliminary work affecting the wlrole project, as \\?ell a s  t h a t  in con- 
nection wit11 rectangolation itself. Levelling ancl dctail survey parties 
\vollld deal only wit11 their own work. 

R E C T A N G U L A T I O N  P A R T Y  

The technical personnel of a rectangulation part? in the  field con- 75. 
Rectnngu- sists of triangulat,ors or traversers or botlr, rectangnlators and computers. 

R r ~ t a n ~ o l a t o r s ,  who should be designat'ed as  srlch and not called 
tmversers, are tlivitlcd into exterior and interior. The  former reqnire 
Illgher qna!itications illan the latter, owing to t l ~ e  necessity of their 
having a motlerate knowledge o l  tlrc rise of n t,heodolite. 'l'l~is 
(llstinction may be abolislred under conditions discossed in para 42. 

As work of this nature is not the  normal worlc of the Department, 
personnel will usually be purely temporary, and rules for their entertain- 
ment and t ~ r m s  of srrvicc are drawti up for the  Ilepartment. Pay of 
rectangulators has been Re. YO/- (rising after 3 months to 351-) to  401-. 



75. The  duties of interior rectangl~lators are very elementary, and as the pay 
(Contd.) is consideretl too high, these men will be recruited in future 0; 

Rs. 201-, if otlly expectecl t o  run one interior line. (See below). 

T h e  following l ~ r o l ~ o s a l  for  employing menials to  do interior rect. 
angulation has been sanctionecl a s  a n  exper~ment  and, if found satisfat. 
tory, will result in a good deal of saving of cost in travelliug allowances, 
tentage etc. 

( i )  Interior rectangulators to  have 2 squads and run two lines, 
receiving t h e  same pay as  exterior men. 

(il) T h e  head tindal of each squad to be i n  charge of the run. 
ning of a line under the  rectangulator, and to receive 
Rs. 51- temporal-y allowance, whilst so doing. 

76. Rectangulators can be employed either in groups or independentl~, 
E m [ ~ l o ~ m e n t  t l ~ e  former system being preferable where there are difficulties as regards 
of I n t n ~ s .  rectnngu- water and sul)pltes. 11 group consists of about 4 rectangulators and 1 

I)artallel., who all carlrp toge t l~er  and are given par t  of a block to deal 
\vith. 'L'hcy usrtally s ta r t  work on four rectangles in one line and ru11 
I,arallel with each otlrer. A disatlvantage of this system is that partal- 
lers and rectangulators are too well lrnown to each other, ant1 there 
a danger t h a t  the  f o r n ~ e r  will not show u p  bad work. Independent 
r e ~ t a n ~ u l a t o r s  are given a line to  sob-clivicle, and partallers are used to 
partal any line nncler the  orclcrs of t h e  camp officer or his assistant. 

77. A camp officer, wi t!i 1 assistant, should be able to  loolr after a ca~np 
Crimps. of "0 traversers ancl the  recluirecl number of computers. 

Hectaugnlation camps hlro11lc1 be large, it being peferable to limit 
the n u ~ n b c r  of camps and to  glvc cach camp oficela a llilrnber of assis- 
tants  for 1)artalling. 'L'lre proportion of exterior to  interior Inen beitla 
taken t o  be aborlt 3 to L, a ramp otlicer, with 2 assistants, slrould be 
able to control 2 E exterior and 40 interior rectangi1lato1.s I t  \voul(l 
l~slrally be prefet-able to give all tlre exterior men to  one assistant an(\ 
all tlre interior to tlre otlrrr. 

78. Permanc~~rt  camel t,1*ans1)xt II:IS 11itllel.to heen used in all worli of 
Tta rsport tllis I I : ~ ~ I ~ I . C  anrl it has h e n  ncrescary to allot 5 camels to  each travc19serf 

and khn'a*ia. 5 to  each psterior ar~t l  1 4  to each irrterior rectangulator. 

Owin? to the ~leressity of I ~ I I I C I I  , j ~ ~ t r g l t ~  clearing, and little devia- 
tion f r o ~ u  the reclar~ylc line b e ~ n g  allowed, it has hecn necewsary to allot 
12 khalasih t o  each t rnverher, t l ~ o u ~ h  nntler favo~trable circ~imstance~ 
the ounlher m ~ g l l t  1 t b  rctlucetl. N~nc. Iil~alasis have 1jce11 :~llo\~ctI for 
each r\ terior and f; for eaclr intcrior r.ectarlqulator, i~lclriding 
khalasis. 



/- 

OR(;ANIZATION AND P E R S O N N E I ,  
--- 

H.ectangulatio~~ work qives very little employme~lt  during recess 79. 
and, unless the staff is requ~red for other work, the greater part of i t  Recess. 

mill normaliy be sent on Departmental leave or employed elsewhere, only 
a sufficient number being retained t o  complete an?- necessary computa- 
tion, to prepare any records which may be reqcirecl of the previous 
season's work, and to make preparations for  the follo~ving season. 

L E V E L L I N G  

As work in connection wit11 irrigation projects is outside the nor- 80. 
ma1 programme of the Department, levellers will generally be purely Pay and 

tribution of 
temporary. In  the Slitlei Valley, levellers were entertained on Rs. 301- 
or %I-, risiug by annual increments of Rs. 2181- to  Hs. 51-, to  Rs. 501-. 

In the Sutlej 1-alley all levellers including single levellers worked 
i n  pairs to save tl-ansport, etc. Secondary double levellers worked direct- 
ly under the O.C. detacl~ment.  Thej- were provided with recorders. 
'I'ertiary donble levellers were under section oficers ant1 their work 
l~receded, as far as l)ossible, tha t  of the single levellers. Tertiary single 
levellers were given from 16 to 20 twentyfive-acre lines or 8 t o  10  
Ilandred-acre lilies t,o he worked from each camp. 

A camp officer, mho should be an  Upper Subordinate, with h e c o r -  81 
ders, can loolr af t e ~ .  :~bont  I 5  le\rellers. Camps and 

transport. Permanent camel transport mill usually be necessary and, in the 
Satlej Valley, camels were allo~ved a t  the rate of 1 load camel for each 
leveller. These camels were not allotted permanently to levellers but 
were at tl!e disposal of section officers. One extra camel for each pair 
of levellers was allowetl in clesert areas to  convey water and provisions. 

In normal country 28 men were allowed to a pair oE secondary 82. 
(lol~ble levellers, and 6 men each to tertiary donble, or single, levellers. Khalasis. 
I n  desert areas 1 extra man was allowed for each pair of levellers. 

JjTork in recess nras organized into 3 sections, whose duties were as  83. 
follo\\rs :- Recess. 

( a )  C O J ) J J I I ~ ~ ~ I ~ ~  Scrtio~~.-Adjustnlet~t of double levelling circuits 
(done by O.C. sect,ion) and computations of mean sea levels. 

( b )  Rook Sccliojr.-Recording of mean sea levels in book form. 
(c) Chart Srcdio,c.-Copying of values from books on to  charts. 

T l~e  average number of levellers employed in the Sut lej  Valley 
for field seasons of 6 months \vas 70, s l ~ d  recess strength t o  deal 

their ollt ,-tur~~. 2H computers, etc. These \vould be organized 
a~)~roximatjely as follows :- 

Com1~1 t i t ~ g  Section . . 16 
Book Sect.ion . . . . . .  6 
Chart. Sect.ion . . . . . .  6 
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I R R I G A T I O N  S U R V E Y S  

D E T A I L  SURVEY 

84. (a) I n  t/lejieltl.-This calls for no special comment as the work is 
normal to the Department. 

(6) IIZ reces.7.-Work in recess normally consists of completing a ~ ~ d  
typing plane table sections, rough con~pilation of contour sheets, and 
village map reduction, if any, for the followin? field season. Five typel.s 
might  be required to type 100 plane table aectlons in 3 months, and 6 or 
7 draftsmen might contour the  same number of sheets in the sarne time. 
It is preferable for camp officers to  comp!ete their own sheets, both as 
regards typing and contouring. The  time taken over recess work de- 
pends on the urgency with w h ~ c h  the sheets are required. They s h o u l d  
usually be completed as rapidly as possible, in which case there motild 
not be work for the whole recess for the staff employed, ancl arrany- 
ments should be marle to employ them elsewhere or on the fair drawing 
of contour sheets (see para 71). 

F A I R  D R A W I N G  O F  L E V E L  A N D  CONTOUR S H E E T S  

85.  In  the case of the Sntlej Valley worli, this was carried out in No. 2 
Drawing Office, Dehra Dtin, most of the draftsmen employed being 
purely temporary. This \\-as due to the fact that ,  when contorlring was 
started detail survey had not been asked for, ancl consequently there was 
no party available to undertake the mork. I n  future, when contour 
sheets are combiner1 with (letail, the fair drawing might well be carried 
out by the party doing the (letail survey. When no detail survey is 
carried out and contour sheets are recluiretl, they must be tlrawn by the 
Drawing Office, or a special staff may he raised by the re~t~angnlation 
party to do the mork. A fair draftsman should draw an average contour 
sheet in 3 or 4 days, arid a level chart in 2 or :l days. 

MAP REPRODUCTION 

86. It is not proposed to deal with the quest,ion of reprntlnct~ion which 
is the normal work of the offices concerned, ancl the organization for 
which clepends entirely on circumstances. 



SECTION V I  

OU'J.'TURN AND COST RATES 

Tabular statements are appended, giving approximate actual and 87. 
estimated cost rates, and outturn to be espected. Actual cost rates 
are chiefly based on experience in the Sutlej Valley, where, for the first 
time, rectanplation, levelling and detail survey have been carried out 
by tlie Survey of India Department. These figures must be considered 
very approximate, and detailed estimates, based on local conditions, 
shoi~ld always be prepared. 

COST RATES 

, Cost rate* i7t r iyees  per aq. waile 

Re~tangulat~ion, including triangulation 
and tl-aversing and cost of stones . . . 

Levelling, inclnding computations and 
rough compilation of level charts ... 

Detail survey, including 1.ougli compila- 
tion of contour sheets . . . 

l)ramii~g of level charts . . . . . . 
Drawin: of contour sheets ... ... 
Printing and provision of 60 copies of 

each of tlie plans referred to in 
para 20 . . . . . . ... 

N o ~ ~ . - - ~ l , o v c  cost, mt,cs do not, include inst,rninent and supervisiou  charge^. I t  in  
nsnnl to ndtl 4'1, for coat, of inat.rlimcnts and lo'/,, for cu1,ervision. The Ist- 
tcr chn.ygc has I~o\vercr 11cc11 wnivctl in t,hc case of rectangolation nnd tletnil 
snrvcy ulltlcrt,%ken for t.he Puujnb (3ovcnllucnt,, on the st,rength of t,heil- 
nt,ilit.y to t,hc Snrvey of India. I t  h s a  however been chargeti in the case of 
levelling. 

100 16 
r e  1 ~ t e  1 2:e 1 acre 

Rs. 

1151- 

2 -  

501- 
-161- 
6 

Rs. 

1351- 

2 -  

501- 
-IS/- 
-IS/- 

81- I 81- 

Rs. 

1701- 

4 -  

501- 
- 1 -  
-112,'- 

Rs. 

2151- 

641- 

501- 
11- 
11- 

81- 81- - 
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IRRlGATlON SURVEYS 

OUTTURN 

87. 
(Contd.) 

Traversing arid locat~on of cor- 
ners of main rectangles, di- 
mensions about 24 miles by 
14 miles . . .  . . .  

Exterior rectangulation 
Interior rectangulation . . .  
Secondary double levelling . . .  
Tertiary ,, 11 . . .  

... Tertiary single levelling 
Detail S nrvey, not inclr~cling any 

contouring in the field. (This 
work was done almost entirely 
by pupils so can be considel-ed 
minimum) . . .  . . .  

OaZt~~rn per man per rnolzlh 
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PLATE XI 
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PLATE XI11 
Sutlej Valley Levelling. 
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TYPE "B" 

Description of an Interred Bench-mark and its referring pillar. 

Tlle Bc.ncl~ Mark co11sis1s of R clmsscd s h e  It' x 

1' x 1'. I u  the centre of the stone on one ride is n 

aunken squnlw of 6 inch rides nnd ) inch deep, wit11 

a.v.s 
the inscription ,rndtbe penr, as rhoan in the rketch 

in the mnrpin. 

The stoue sllould 1~ lnitl ou n Id of concrete i3 

I I f ~ t  ~ U B I W  anrl 2 fcct. clcep, and it sho~lld t.hetl be sur- 

I 1 rounded by I,rickwork set in eemcnt.. 'rile lrpper aur- 

face of the stone is to be 011th willr the masonry and 

2 feet below ground level. 

.... #.--a n f 

A referring pillar of p n k h  mmonry 2) feet square 

I at  base, 3 feet bigb m d  tapering to 8 inches squarc 

I \ ! a t  top should be built above ground facing the Bench 

I '" \ .  Mark, and near it, but not over i t .  This pillar rhould 

\ 1 be white -11 ,  and tho lettor. , and di9tan.e 
8 % 

I I 

I C a a r  
1: to the Benoh Mnrk, which rhould generally be about 
:5 , 

I 8 feat, rhould be neatly end oarefullg out on Lbe side 
L ..-.......-.-. - - - - - - - - - - ,Jr:-----:---:::=.:- 

whioh fnaer it. ( Vide rkstoh A ) .  

If nrnilnble a port made of a piece of a mil, 

with an iron plate benring the letters \:;*., and tlle dir- 

taocc to the Bench M:~rk mny be oubstituted flpr t l ~ e  

mngonry pillar. 'l'l~c rail el~ould be fired as firmly as 

possible in the gmund wit11 the plate facing the Benoh 

Mark. I t  should projeot about 3 feet nbove ground 

( Vide oketoh B). 
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