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NOTE ON "RESEARCH WORK DONE BY THE SPECIAL IRRIGATION 
DIVISION SINCE ITS FORMATION IN JUNE 1916." 

1. Introductilm.-In the Deccan when a large perennial Canal is opened, 
widespread waterlogging ensues, due to percolation from the Canal. Some of 
this water-logging dries out later, but the area of damage extends rapidly into the 
valleys, and unless steps are taken to set matters right, the later damage-eonsist-
ing mainly of salt efRorescence-becomes permanent. 

The seriousness of the menace was realised as early as 1888-that is 3 years 
after the opening of the Nira Left Bank Canal, and the controversy regarding 
the relative effect of channel losses and wasteful irrigation, and the best methods 
to adopt to safeguard the land, became yearly more acute. 

Various experiments were carried out at the instance of the Agricultural 
DepartIllent-especially between 1908 and 1913-and in 1910 Agricultural 
Bulletin No. 39 " The Salt lands of the Nira Valley" was published; but by 1913 
it was clear that all the methods tried had completely failed. 

In 1914 an Officer of the Reveime Department, who had been acting as the 
Director of Agriculture, was put on Special Duty" to select soil for cane in the 
Deccan Canal Tracts." A large part of his selection assumed successful drainage ; 
and-as the exa·ct causes of damage were still unknown and all experiments to 
meet the conditions had completely failed-it was decided to open a Special Irri
gation Division to investigate the question of Canal Development, especially as 
regards safeguarding the soil. 

2. Original ()1'riers on work to be do-ne by the SpeniaZ I rrigatilm Divisirm.-I n 
June 1916 the Special Irrigation District was formed and the work was thus briefly 
described in paragraph 4 of Government Resolution, P. W. D. No. E-12138 of 
5th November 1915:-

"To contour the commanded area, make a careful survey and classi
fication of the surface and subsoil, select and mark out definite areas suitable 
for " blocks" for perennial and other crops, design the drainage required, and 
indicate suitable lines of corgmunication, and centres for the establishment of 
crushing, grinding, refining and other machinery for trade purposes. The 
Special Officer will also make a study of the reclamation of waste lands, and 
areas damaged by waterlogging and salt efRorescence and the growth of useful 
timber in such tracts, and along the main canal." 
3. Diffwulties.-It soon became evident that land drainage under Deccan 

conditions was not a straightforward engineering problem, and it appeared that 
the ;probable explanation of the unsatisfactory and confusing results hithert() 
obtained would be found in the deep subsoil conditions; but owing to the subsoil 
water being found at less than five feet below ground level almost everywhere in 
the canal tracts the investigation was beset with difficulties. All the generally 
known "samplers" and boring machines were tried, but with poor results; and 
little headway was made until "Iwan" post-hole augers were obtained. With 
these, detailed surveys of certain areas were carried out, and from the information 
obtained it was found that in many cases what had once been deep valleys had in the 
course of time become completely filled with eroded material, which had clogged 
the natural drainage. The existing nalas were usually situated at the flanks of 
the old valleys, sometimes hundreds or even thousands of feet away from the old 
valley lines. It was difficult to collect reliable data from depths extending t{) 30 feet 
at a reasonable cost; but from auger surveys, lines were plotted along which porous 
material-usually "Murum "-'i.e. disintegrating trap rock-was found at a. 
depth of 8 feet. These lines were called' murum isobaths '-and with these it was 
possible to understand why certain areas were damaged; while others, which 
appeared to be similar, were unharmed. 

The first attempts at drainage showed, however, that even when the general 
contours of the deep substrata were known, the problem of how to drain was still 
far from solution. 

4. Solutilm.-The next step was to measure the porosity of the subsoil. 
Everything obtainable on the sv.bject was read, but although many laboratory 
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t.et\ts bad bc~n worked out in several countries, no m~thod for measuring the perme
Ability of deep substrata' in situ ' had ---i!O far as could be ascertained-been deve
loped. It was eventually achieved by the measurement of recuperation, from which 
coefficient/! could be worked out. This proved a simple and satisfactory solution 
and revolutionised the work, which could never have been successful without this 
information. Even then, however, it was found that a permeable stratum did 
not necessarily yield much water, because sometimes small pockets of highly perme
able material were surrounded by impervious clay. Thus, before conditions could 
be Bufficiently clearly grasped to design a successful drainage scheme, it was necessary 
to consider how the various strata had been formed, their physical properties, and 
the strata lying above and below. This necessitated a study of both the geology 
and soil physics of the valleys; in fact in the early stages soil physics was the most 
important branch of the work, and through it success ~as attained. 

5. Quick, cheap field metJwds.-Jf unlimited money· had been available the task 
would have been comparatively easy; but to continue to spend as much as had 
been spent on earlier surveys was not permissible, so cheap methods had to be 
evolved. To this end a " soil series" classification was worked out-based on the 
fact ·that when a certain set of surface conditions was found, subsoil conditioIlE 
could generally be inferred. Laboratory tests were also replaced by quick field tests, 
80 that doubtful points could be verified in the field. The eye is untrustworthy 
as a judge of salt content, and chemical analysis is too costly and slow. The Ameri
can Bridge was tried and found unsatisfactory; but eventually Evershed and 
Vignolle's Dionic water tester was obtained and proved successful, giving result~ 
ill a few minutes at 8. negligible cost. 

o. 'It'ertility.-Thc next investigation taken up was to determine the fertility 
of the various types of soils, their liability to damage and their susceptibility to 
improvement. The soils and subsoils have now been classified and their suita
bility worl,ed out; but the dominant factor in fertility is the condition of the soil 
- in other word~ the skill of the cultivator-and expert cultivators can grow 
good crops on very poor land by careful cultivation with light irrigation. 

7. Reclamatioo,-Another parallel line of work was the reclamation of lands 
after drainage. To this end, the worst salt area on any Dec.can Canal was acquired 
and, despite predictions of failure from Officers then in the Agricultural Depart
Dlent, the greater part of this land is now producing heavy crops of cane. Some 
portions were easily reclaimed, but ot,hers have necessitated a wide variety of 
treatments, manurial and chemical. It is safe to say that almost a.11 the damaged 
areas can now be reclaimed at a reasonable cost. 

8. S1tbsoil ccmditioos.-The soil work has now reached such a stage that 
trained staff can infer subsoil conditions to a depth of ten feet or more from surface 
indieations-such as the colour, texture, and general look of the ground, the 
strata exposed in rivers and wells, the subsoil water level, waterlogging and salt 
effiorescence; but the best guides are weeds and the general appearance. A single 
indication is not reliable; but a combination of several indications enable those 
with a natural gift for the work and long experience to draw definite conclusions. 
The cost of such a survey is about one penny per acre, and over a million acres 
have now been classified. 

9. Drainage schemes.-Some ten drainage schemes have been completed or 
are nearing completion and some 20 more have beeu prepared and will be carried 
out as funds permit. O:overnment propos!) to drain the whole of the Deccan 
Canals within the next 20 years. 

10. Restrictioo of .irrigatioo.-In order to reduce damage, crops are now 
restricted to soils which are suitable for the intensities of irrigation required. Thus, 
before irrigation was allowed on the new Nira Right Bank Canal, the whole area 
was divided up into 6 categories, taking soil suitability and drainage possibilities 
into account. 

11. Salinity and /et'f'ls of subsoil water.-{xmductivity tests are carried out 
with a Dionio water tester to study the saoo.fy of water samples from "ells and 
auger bores. These give inforination regarding the natural drainage; and, w~ere 
drainage schemes have been carried out, they indicate th~ progress o! leaching. 
Water levels of about 7500 wells-which have been classified according to the 
average depth of water below ground level-are observed periodically throughout 



the year on the Godavari, Pravara and Nira Canals. From the observationS, 
-4 ft. and 10 ft. hydro-isobaths-i.e:lines on which water is found at equal depths 
of 4' and 10' respectively below ground level-e.re marked on plans every year 
and the changes in the hydro-isobaths-whether they are extending or retiring
are noted, to see which areas require immediate drainage. The object is to 
correlate well water levels with-

(i) percolation from canals and 
(ii) percolation from irrigated fields. 

Limitation of perennial blocks to suitable soils has resulted in the retiral of hydro
isobaths in many places. 

12. Soil maps, showing the classification [e.g. uncommanded areas; coarse 
(soft and hard) murum soils; fine soil; chopa'1l black soil; murum isobaths; 
damaged areas-waterlogged and salt affected; chopa'1l and cut-up areas] 
have been printed for the Godavari Canals, the Pravara, Canals and the Nira 
Right Bank Canal (TAlnand section) and the plans for the remaining Canals are 
nearly ready for printing. 

Section maps for the use of sectional officers are also being printed for the Nira 
Left Bank Canal. 

13 Sewage (E.fftuent) Irrigati<m.-The disposal of Poona sewage, by mixing 
with Canal water and using for irrigation, was started on Distributary 5 of the 
Mutha Right Bank Canal in 1916 and has been very successful. Started on a 
small scale with 1 cusec average discharge, a scheme for disposing of 11 cusecs 
has since been sanctioned; and a similar scheme for Sholapur-to dispose of 7 
cusecs of eflluent-is now under consideration. 

14. Experimental Farms.-In 1918 the EfIluent Farm was opened on Dis
tributary No.5 of the Mutha Right Bank Canal-to investigate que..'ltions arising" 
out of eflluent irrigation, such as the best dose of eflluent, the value of effluent 
per lb. of nitrogen, its effect on the soil, etc. Experiments on the relationship 
between the quantity of water applied and the outturn, and the effect of various 
periods between waterings and delayed waterings have also been under 
investigation; and the Farm is now largely concerned with irricultural investiga
tions--i.e. the interaction of irrigation and agricultur6-{)Ur aim being to modify 
ogricuUural methods to fit in with irrigltli<m limitations and to mould irrigati<m practice 
to meet agricultural requirements. 

A second Farm was opened in 1921 at Baramati, on the Nira Left Bank 
Canal, to reclaim the area of very heavily salt-affected land which had previously 
1<een drained in the period 1~16-20. A large part of the area has been reclaimed 
and· much valuable experience gained. 

The work'c~rried out on these farms has shown that the secret of Deccan 
Irrigation is to use water and manure in very much. smaller quantities than has 
been the practice. It has, in fact, been shown that heavy crops-far superior to 
those grown by the cultivators-can be obtained using little more than half the 
manure and half the water normally applied; and that when this is done, the 
physical state of the soil is conserved and improved, instead of being damaged
which hitherto caused a continuous falling off in returns. 

This line of work has been so successful that both the Secretary of the Sugar 
Bureau of the Government of India and a Revenue Officer who was deputed to 
investigate Deccan irrigation problems have recommended that the development 
of Deccan Canals should be under the Superintending Engineer, Irrigation 
Development and Research Circle. 

15. Irricttltural problemS have been investigated not merely in the farms 
but also in the fields of the cultivators; and large numbers of investigations into 
agricultural methods and irrigation problems have been carried out. These are 
too numerous to detail here; but the various Papers dealing- with them are 
enumerated in paragraph 18. 

16. Hydrodynamic 1'esearch.-Most of the hydrodynamical research has 
been carried out either at the HydrodynamiG Research Station at Distributary 
5 of the Mutha Right Bank Canal (with small models and a discharge up to 10 
cusecs) or at Khadakvasla dam, at the Head of the Mutha Canals (with full 
scale or large scale models discharging up to 500 cusecs). Much of the work has 
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been concerned with Deccan problems, but a large part of it has a direct bearing 
on general irrigation problems and recently much of the work has been in connec
tion with Sind irrigation and the Barrage. 

17. General object' of the investigations.---Some of the investigations have 
been carried out for a particular purpose, but most of the work has been closely 
co-ordinated and dovetailed together. The basic idea has been that the area 
commanded by a large Canal should be looked on as a large estate needing careful 
development; and it has been held that to construct a canal and then leave it to 
develop on its own lines, leads Dot merely to an enormous waste of money, but also 
to a maximum of damage. Where, as in Northern India, the demand exceeds the 
supply, it is possible" to restrict the supply and allow the cultivators to irrigate 
as large an area as they wish with the water supplied." This system gives a great 
incentive to efficiency and the' problem then becomes one of efficient distribution 
of available river supplies; but in the Deccan, where the demand and the supply 
vary widely from year to year (due to variations in rainfall), it is impossible to 
give a constant supply, and it would be wasteful to do so even if it were possible. 
The Deccan problem, therefore, is to supply an ever-varying supply to meet an ever
varying demand (bearing in mind all the time that the reserves available are strictly 
limited, and dependent to a considerable extent on the succeeding monsoon). 
Consequently, a Canal Officer must not merely have a very high degree of skill 
at irrigation distribution-backed up by modules and measuring devices-, 
but he must also have a wide knowledge of the variations of rainfall and' run-off 
in the catchment combined with information regarding water requirements of 
crops and the varying demand. 

The necessary information required by the Canal Officer had been, and is 
_ being, collected and systematised; and a new method of irrigation with modules 
is being perfected. This has been shown to increase the area irrigated with the 
same supply by over 20 per cent. This, in its turn, reduces damage. The 
restriction of perennial crops to suitable soils has also reduced damage; and, 
where damage has been inevitable, drainage schemes have been proposed and are 
being constructed. 

As a result of selection, several unsuitable channels have been omitted from 
the Nira Right and Left Bank Canals, the total cost of which was estimated at 
considerably more than the cost to date of the Special Irrigation DiVision. The 
increase of duties from the adoption of the new system of irrigation now being 
introduced on the Nira Left will make it possible to reduce the cost of enlarging 
Vir Dam by half a crore-if not to do away with its necessity altogether. 

This year (1928) a Class was held during August and September at which 
lectures and demonstrations of Special Irrigation work were given by the 
staff to--

3 Assistant Executive Engineers, 
2 Temporary Engineers, 
2 Assistant Engineers, 
2 Stipendiaries, 

and 1 Upper Subordinate, 
from the Deccan Irrigation and the Irrigation Development and Research 
Circles. 

18. List of investigations and Reports.-The following is a list of the various 
investigations carried out by the Special Irrigation Division. They have been 
grouped under 5 heads :-

I. Irrigation. 
II. Irriculture. 

III. Soil Physics. 
IV. Drainage and Reclamation. 
V. Hydrodynamic Research. 

(Nolt.-The notes that are not printed are given index number8 such as S. I. D. No. 14 or I. D. R. So. 12 eOO. 
Numbers mo.rked with an asterisk, a. g., I. D. R. No. -16. mean that either the notes are to be written-the data. 
being oomplete, or tIle experiments are yet in progress.) 
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I-Irrigation--, 

(1) Duty of Irrigation. water in relation. to the capacity of Canals in the Deccan. 
(Paper No. 30 read .before the Bombay Engineering Congress; see 

Vol. V of 1918-Spl. Irrign. Dn. Library No. Mnl./5 and Mnl./5 a; 
and for discussion of the above subject see Vol. VI of 1919-Spl. 
Irrign. Dn. No. Mnl./6.) . 

(2) Some imprrrtant factors affecting the design and wmking of Deccan Canals. 
(i) Aquatic weed grouth showing that silt in suspension was the dominant 

factor and that this depended largely on the design of the 
pick-up weir. 

(ii) Perrolation. and absorption.. • 
In alluvial soils, losses are by absorption and vary as the wetted perimeter; 

but in the Deccan, canal losses are mainly by percolation and the 
total losses from any particular channel vary as Q within normal 
working limits. Nevertheless losses from channels of different sizes 
flowing with the same ratio of full supply give relative losses varying 
as VQ (both in Northern India and the Deccan). 

(Paper No. LXVIII read before the Bombay Engineering Congress
vide Vol. XI of December 1922-'-'spl. Irrign. Dn. Library No. Mnl./l0 
and Bombay P. W. D. Technical Paper No. 19.) 

(3) Seepage losses of Deccan Canals (by discharge observation.s). 
(I.D.R. No. 15*-Revised note No.2 above with additional data.) 

(4) Weeds in Deccan Canals. 
(LD.R. No. 21 *-A supplementary note to Bombay Engineering Congress 

Paper LXVIII above.) 
(5) The Block system oj Irrigation. in the Deccan Canal Tracts. 

(Bombay P. W. D. Technical Paper N<!. 16.) 
(6) Modules and Semi-modtiles for irrigation.. 

(Bombay Engineering Congress Paper No. XL VIII-vide Vol. X of Decem
ber 1921. Spl. Irrign. Divn. Library No. Mnl-9.) 

(7) The Design of di.strilndaries and their outlets in the Bombay Deccan. 
(Bombay P. W. D. Technical Paper No. 19.) 

(8) Moduling Distributary No.8 of the Nira Left Banlc Canal and its applWaiion. 
to other distributaries. . 

(Bombay P. W. D. Technical Paper No. 25.) 
(9) Methods suitable for reducing losses from Deccan Canals. 

(Bombay Engineering Congress Paper of 1928, I.D.R.No. 4.) 
(10) River gauging and rain gauging in the Bombay Deccan for the past 25 years. 

This work was taken over by the Special Irrigation Division in 1922. 
(Report with graphs submitted to Government under Spl. Irrign. 
Dn. No. 1301, dated 3rd March 1927 and the Superintending Engineer. 
Deccan Irrigation Circle's No. 1622, dated 22nd March 1927.) 

(S. I. D. No. 22.) 
(11) Lossesfrom Lakes and Tanks (by evaporation. and absorption.). 

(S. I. D. No. 16.) 
(12) Isoliyet map, showing lines of equal rainfall of the Bombay Ghats, Maval 

and Deccan. 
(See I. D. R. Drawing No. 65.) (Spl. Irrign. Dn. Library No. P-a-37.) 

(13) Hume Concrete Pipes-where suitoble for irrigation. wmks. 
(I. D. R. No.2.) 

(14) Enhancement of land values in irrigated tracts. 
(First Note, s.l. D. No.2. Second Note under preparation.) 

(15) Distribution. of E.fftue:ntforirrigation.. DijJi.cu1tiesand how they are ooeroome. 
(S. L D. No.6.) / 

(16) Relation.sliip between Mazimum floods and size of catchments. 
(I. D. R. No. 25.) 

• Not. print«L 
110 J' 33--3 



6 

(17) A critical stwly of annual rainfall and run-off, in the Deccan. 
(I. D. R. NO.7.) 

(18) Unitisation of irrigated OITeas. 
(I. D. R. NO.6.) 

(19) Movement of subsoil water in soil on irrigating a field. 
(1. D. R. NO.8.) 

(20) Note on formation and demarcation of blocks in the Deccan. 
(I. D. R. No. 12*.) 

(21) Absorptive capac city of a lake and cumulative TUn-off. 
(I. D. R. No. 14*.) 

(22) Corrosive effect of e.flluent on metal. 
(S. I. D. No.1.) 

(23) Note on the use of Tacheometric Plane Table. 
(S. 1. D. NO.5.) 

(24) Bitumen (Mexphalte) lining. 
(S. I. D. NO.7.) 

(25) Cost of Canals, distributaries, dams, etc., of the Deccan. 
(S .. I. D. No. 13.) 

(26) Note on duties at Distributary No.5, Mutha Right Bank Canal. 
(S. I. D. No. 14.) . 

II-Irriculture (inter-relationship of irrigation and agriculture)-

(27) Outturn and profit from sugarcane crops grown in the Deccan Canal tracts. 
(Bombay P. W. D. Technical Paper No. 21.) . 

(28) The EJIluep,t FOITm near Poona . . (1918-19 to 1925-26). 
In which full data of experiments to ascertain value of nitrogen in sewage 

effluent, water required, etc. (see Bombay P. W. D. Technical Paper 
No. 17) are shown. 

(29) Agricultural developrrumt on the. Deccan CanaZs. 
(I. D. R. NO.9.) 

(30) Causes that lead to variation from the standard 10 day interval of watering. 
(S. 1. D. NO.3.) 

(31) Valuation of soils on Revenue Department basis. 
(Bhag anna.) (S. I. D: No.4.) 

(32) Note clealing with basic reasons why irrigation cannot be handed over to the 
irrigators or. the Agricult7tral Department. 

(S. I. D. No. 17.) 
(33) Statement shouYing cost· of various manures in years 1915-16 to 1921-22, 

1925-26 and 1926-27. 
(S. -I. D. No. 18.) 

(34) Note dealing with difficulties encountered in the distribution of irrigation 
water. 

(S. I. D. No. 19.) 
(35) Irrigation frOm river flow and storage. 

(S. I. D. No. 20.) 
(36) Conversion of the present sugar import duty into an effective, protective duty. 

(S. I. D. No. 21.) 

III-Soil Physics-

(37) Boil and subsoil SU'TVt!JS in the Deccan Canal are.as. 
(Bombay P. W. D. Technical Paper No. 13.-out of st9ck.) 

(38) The Physical properties of Deccan Soils. 
(I. D. R. No. 16*.) , 

(39) The relationship between readiitgs of the IlJnic TT' ater Tester (conductivity 
meter) and concentrations of various salts. ' 

(I. D. R. No. 28.) 
• Not printed. 



(40) Ohemical analysis of 
(a) Soil. 
(b) Water. 
(c) Effluent. 
(I. D. R. No. 17*.) 
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(41) Ohanges in the chemical oomposition of subsoil water as it moves from ridge 
to vaUey. 

(1. D. R. No. 19*.) 

(42) Ohanges in composition of ejJluerrt. 
(I. D. R. No. 20*.) 

IV-Drainage and Reclamation-

(43) Improvement of damaged lamd in the Oanal irrigated Tracts of the Bombay 
Deccan. 

(Bombay P. W. D. Technical Paper No. 14.) 

(44) Land drainage explffiments at Baramati. 
(Bombay P. W. D. Technical Paper No. 24.) 

(45) Land Drainage of the Deccan Oanal area$, OOmprising, 
'(a) Preparation, 
(b) Execution, 
(c) Maintenance. 
(1. D. R. No. 10*.) 

(46) Reclamation and sou improvement in drained a~eas of the Deccan Oanal 
Tracts. 

(1. D. R. No. 18*.) 
(47) Hydro-isobaths on Godavari and Pra'lJl1t'ta Oanals. 

(S. I. D. No. 15.) 

V-Hydrodynamic Research-

(48) Lindley type Standing Wave Flume. 
(Bombay P. W. D. Technical Paper No. 22.) 

(49) Standing Wave Pipe Outlet. 
(Bombay P. W. D. Technical Paper No. 23.) 

(50) Orump type Standing Wave Flume: 
Two yeats of experiments, which led to standardisation of design. The 

data collected showed factors leading to steadiness of coefficient and 
high recovery of head. 

(Bombay P~ W. D. Technical Paper No. 15.) 
(51) A short note on lww to design Standing Wave Flumes. 

(An official Publication.)' . 
(52) List of symbols used in Hydra!tlic Research. 

(I. D. R. No.1; printed as an official publication.) 
(53) Standing Wave Flumes. 

(Paper No. CV read before the Bombay Engineering Congress-vide vol. XV 
of 1926. Special Irrigation library No. Mnl/14.) 

(54),Standing Wave Fl!tme Fall. 
Combining accwate measwement, effective dissipation of energy and low 

cost. (Bombay P. W. D. Technical Paper No. 15.) 
(55) Effect of partial lining oj the Malegoon Out in miles 38 and 39 of the Nirll 

Left Bank OanGl. . 
(Bombay P. W. D. Technical Paper No. 20.) 

(56) An adaptation of the Standing Wave Principle to Hydraulic Testing. 
(Bombay Engineering Congrjl&~ Paper No. LXXIV----vide vol. XII of 

November-December 1923. SpI. Irrign. Library No. Mnl/ll.) 
• Not printod. 
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(57) Fluming masonry works to 'Teduce cost witlwut extra loss of head. 
Fluming of Aqueduct No. 23 of Nira Right Bank Canal. (Bombay P. W. D. 

Technical Paper No. 26 & I. D. R. No. 22*.) 
(58) Pier, cut"'Water and ease-water experiments to ascertain the best design for 

the Sukkwr Barrage. 
(I. D. R. No. 11.) 

(59) Experiments to ascertain the effect of Srou'T on the downstream p'1'otedion of 
the Barrage. 

(I. D. R. No. 11.) 
(60) Effect of design of Barrage s'ill on cce.fficient of discharge. 

(I. D. R. No. II.) 
(61) Silt draw experiments (with models) to ascertain the best design fM appr()(J,Ch 

channels and the best method of working the gates of the Sukkur Barrage to 
prevent deposition of silt. 

(Experiments in progress I. D. R. No. 24*.) 
(62) Determination of the ccefficient of discha'Tge of Lake Fife Waste Weir Gates 

by model expe'Timents. 
(Experiments are still in progress. I. D. R. No. 23*.) 

(63) Comp(j/ri.~on of baJlle-boom, biff-wall and Stanrling Wave for dissipating 
energy below falls. 

Small models at Distributary No.5 HadaFSaT and a 6' 5 feet fall !Dodel at 
Khadakvasla for carrying discharges up to 50 cusecs per foot width 
and 500 cusecs total discharge. (Experiments in progress' I. D. R. 
No. 26*). 

(64) The adapu.tion oj the Gibb Module to make it rateable. 
(I. D. R. No.3.) . 

(65) Report on tests made on a model of the Group of RegulatO'Ts at Orlerolal at 
Mile 169 (app'1'oximately) of Rohri Canal, Sind. 

(Bombay P. W. D. Technical Paper No. 26.) 
(66) Experiments with Crump Adjustable p'1'oportionalModules. 

(Experiments in progress. I. D. R. No. 13*.) 
(67) Experiments with V notch. 

(S. I. D. No.9.) 
(68) Dethridge meter calibration. 

(S. I. D. No. 10.) 
(69) Factors affectiniJ the design and ejJiciency of Siphon SJn"llways. 

(I. D. R. No. 5*.) . 
(70) Effect of addition of sodium carlxmate on quick sdting of cement. 

(S. I. D. No.8.) 
(71) Calibration of Standing Wa'L'e Orifice Outlets. 

(S. I. D. No. ll.) . 
(72) Evaluation of curves by graphical aM matltematical methods. 

(S. I. D. No. 12.) 
(73) Discussion on Mr. N. S. Joshi's paper on solid liquid friction. 

(I. D. R. No. 27.) . 

-. 
• Not printed. 
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Alphabetical Index 01 Subjects dealt with by the Special Irrigation 
Division since its formation in 1916 and the Irrigation 

Development and Research Circle. 

(1) T.P.21 

(2) H.E.C. XXX 

(3) Agri. Journal I.S.C. 1919 

(4) 'Ff '-6 

(5) G.R. 
(6) I.D.R. 11 

(7) I.D.R.N. 20 

(8) S.I.D. 213 

(9) S.I.D.N. 12 

(10) I.D.R.F. or S.I.D.F. 30. 

(11) I.D.R.N.· 15 .. 

110 • 36--3 

Ezplanal:i<JtI of abbrll11iations. 

.. Bombay Public Works Department 
Technical Paper No. 2l. 

.• Bombay Engineering Congress Paper 
No.30. 

.. Publication of the Indiiw Science 
Congress 1919 in Agricultural 
Journal. 

.. Special Irrigation Division Library 
No. 

.. Bombay Government Resolution. 

.. Drawing No. 11 of Irrigation 
Development and Research Circle . 

.. Note No. 20 written by the Super
intending Engineer, Irrigation 
Development and Research 
Circle . 

.. Drawing No. 213 of Special 
Irrigation Division. 

" Note No. 12 written 
Executive Engineer, 
Irrigation Division . 

by the 
Special 

. .. File No. 30 in Irrigation Deve
lopment and Research Circle or 
Special Irrigation Division. 

. . Note either under preparation or to 
be written by Superintending 
Engineer, Irrigation Development 
and Research for which data has 
been collected or experiments 
are in progress. 
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Subjeot. 

A 

Aeration of Sewage 
AfHux-Method of calculating at Malegaon Cut 
Agricultural side of irrigation 

, 

Reference. 

I.D.R.N.· 20. 
T.P.20. 
T.P. 17 and 21; I. D. R. 

No.9; evidence before 
Royal Agriculture Commis· 
sion, Vol. II, Part I. 

Alkali-Removal of T.P. 24. 
--Composition of Do. 

Alkaline soils . T.P.24. 
American Bridge-for estimating" t()tal salt" in water I.D.R.N.* 17. 

Do. do. - N in efHuent Do. 
AnalysiB-<lf efHuent and other manures-- T.P. 17. 

-Chemical- of soils Do. 
-Physical- of soils and sub-soils . . Do. 

Anemometer readings--Chart for I.D.R.N. * 21. 
Anna Valuation of cane crops--accuracy of - T.P.21. 

-valuation of soils on Revenue ...... . 
Department basis (Bhaganna) .. S.I.D.N.4. 
Appreciation in land values due to the advent of canals .. S.LD.N. 2. 
Aqueducts-Modification in design to turn them into S.W.F.S.-! S.LD.F.195. 

-Modification in Pier design to reduce afHux .. ' LD.R.N.· 22. 
Area-Classification of - showing suitability of various crops.. T.P.16. 
Alki -Chart of gul rates per (of 200 lbs.) in Baramati T.P.21. 

. Augers-Post hole and screw - for sub-soil.urveys LD.R..N. * 10. 

B 

Ba.fHe--boom design for stilling water below falls 
BafHes of Gibb's lIlodules-
Barrage-Silt experiments 

-Sill experiments .. 
-AfHux experiments 

" Ba.se "-,, Duty" 
"Bell-mouth "-for - pipe outlet 
• , Bill-wall" for stilling-below falls 
Bitumen lining (Mexphalte) 
Block formation-Cost of-

-Principles of:'" 
-Procedure in connection with -
-Rules regarding - .. 

T.P.15. 
I.D.R.N.3. 
I.D.R.N. * 24. 
I.D.R.N. 11. 
I.D.R. No. 11. 
B.E.C.30. 
S.l.D. 116-c . 
T.P.15. 
S.l.D.N.7. 
LD.R.N. * 12. 

Do. 
Do. 
Do. 

Block plans of Nira Left Bank Canal .. .. S.I.D.301. 
Do. do. Right BankCanal.. 

Block plans of G<>davari Right Bank Canal 
Do. do. Left Bank Canal 

Blqpk plans of Pravara Left Bank Canal 
Do. do. Right Bank Canal 

Block system of irrigation 
Brass-Corrosive effect of efHuent on -
Brix readings of sugarcane juice (to indicate ripeness) 

c 
Canal Irrigation Northern and DecQ.an Types compared snd 

basic differences explained 
Canallo.ses-Percolation and absorption 
Canal capacity required'" .. 

Canal weeds 
Cane--Cost of cultivation of -

--Crushing and Manufacturing cost per Palla of btl •. 
-Maturity of -in relation with Brix reading and soil types 

S.I.D.302. 
S.I.D.288. 
S.I.D.288. 
S.I.D.289. 
S.I.D.289 
T.P.16. 
S.I.D.N.I. 
T.P. 17 and 21. 

T.P.19and25. 
B.E.C. LXVIII. 
B.E.C.XXX. 
T.P.19and25. 
B.E.C. LXVIII. 
T.P.17. 
T.P.21. 
T.P.21. 
T.P.21. 
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Subject. 

C-oontd. 

Cane area-Effect of restriction of in canal tract.. 
Capacity co-efficient of canals 

CapiUary riae of water in various soils 
Catchment ar ... -Correlation of - with maximum run-off and 

rainfan. 
Causes that lead to deviation from the ten days standard 

interval of watering. 
Ccment-Effect of addition of Na2 Co~n quick setting of - .. 
Cess Irrigation-to standardise demand for water .. 
Channel-Approach-design for Standing Wave Flumes 
Chemicals useful in leaching out salts from soils 
Chemical analysis of soils and sub-soils 

-effiuent 
Co-efficient of correlation, standard deviation and probable 

error of - for outturn of cane as compared to anna valuation 
of orop~ 

Concrete pipes. H Hume"-
Conductivity of water - used to determine salt content 
Contouring Surface - by cross section method 
Core wall Limited usefulness of-in preventing losses from canals 
Corrossive effect---<>f effiuent on metals 
Cost of-Pipe drains and open drains .. 

-Standing Wave Flumes 
-Canals, Distributaries, dama, etc. 

Cost of Distributaries, limit of' justifiable expenditure in 
construction .. 

Critical velocity for small depths 
_Crops-Delta for diflerent

---'suitable in alkaline soils-
-Duty and Duty ratio of -

Crop ratios 
Cumulative curves of run-off 
Current meters for measuring velocities. Rating of
Curves-Evaluation of - by graphical and mathematical 

methods 

D , , 

Refenmoe. 

T.P.21. 
B.E.C. XXX. 
T.P.25andI9. 
I.D.R.N ... 16. 

LD.R.N." 25. 

S.I.D.N. S. 
S.I.D.N.B. 
T.P.25. 
T.P. 15. 
LD.R.N ... 18. 
LD.R.N." 17. 

Do. 

T.P.21. 
LD.R.N.2. 
LD.R.N." 17. 
Pa.9. 
LD.R.N.4. 
S.LD.N.I. 
I.D.R.N. • 10. 
T.P.15. 
S.I.D.N. IS. 

T.P.19. 
I.D.R.N." 24. 
B.E.C.SO. 
T.P.21. 
B.E.C. SO. 
T.P.25. 
I.D.R.N.* 14. 
I.D.R.N ... 15. 

S.I.D.N. 12. 

Damage to land-Origin, etc., of - .. T.P. 14 and 24. 
Damaged lands-Evaporation of sub-soil water from the 

surface of - .. . 
Deflocculation of soils. Causes leading to -
Delta-A =total depth of water applied to crops, in a stated 

period or ' base' 
Demarcation of Blocks-Desirability of - How cost to be me 

Dethridge meter. Experiments for calibmting- .. 
Dilution of effiuent. Calculations for working out
Dionic water tester for measuring salt contents, etc. 
Disc readings. White-

Discharge formula-for flumes of various types 
Discharges. Proportional
Discharges of Open obannels. Methods of observing
Discharges of various trencbes of Baramati Salt lands 
Discharges of nalas
Discharge formulas. Comparison of-by Kutter's and 

Manning's formulas 
Discharge curves. Evaluation of -graphically and mathe-

T.P.24. 
I.D.R.N.· 16. 

T.P. 17 and 2l. 
G.R. 1556 of 8-2-26 and 

I.D.R.N. • 12. 
S.I.D.N.I0. . 
S.LD.N.6. 
I.D.R.N. *16 and * 17. 
S.I.D. Register and I.D. 
R.N.· 21. 

T.P.15. 
T.P.15. 
T.P.15. 
T.P.24. 
S.LD. Register. 

'I.P.20. 

matically S.I.D.N. 12. 
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-------_.-

Subject. 

D-contd. 

Distributaries. Justifiable expenditure in constructing - for 
rabi, perennial and monsoon areas .. 

Distributaries. Old and new designs for Deccan .. 
Distributary Head Regulators. Design of
Distributaries. Tail-a drag on finance 
Distribution in Northern India and Deccan compared 
Distribution. Proportional-
Distribution 2f water-Alternative system of - .. 

-Difficulties in the way of
Distribution of velocities 
Distribution of water. Basic principles of -
Drainage costs 

of land in the Deccan 
Drainage Schemes--Preparation of

- -Construction of -
--Maintenance of- .• 

Drainage waters.-Salts contained in -
Utilization of - for irrigation 

DrainS-Pipe and open-where suitable 
-Pipe-, cost of-
-Open-, cost of -
- Efiect of intercepting -
-Discharge of open and pipe 
-Intercepting and relief-

Duties of irrigation water in the Deccan 
Duty. Increase in - due to modules .• 
Duty. Canal, Definition of and figures for-

E 

EfHuent analysis 
-Comparison of - with local manuring 
-Corrossive efiect of - on aoil- deflocculation 
-Efieet of - on the growth of various garden and 

fodder crops 
-Efiect of - on local biennial rotation 
-Value of nitrogen in the normal dose 
-Variation ot 'N' and denitrification of 'N' in - in 

passing through septic tanks 
- When--should be cut oft: in the case of cane 

EfHuent distribution Difficulties in the way of - .. 
EfHuent irrigation. Total area suitable for - on D3-D6 

M.B. RC. 
-June-October Plantation- .. 
-Conditions and arrangements necessary before in-

troducing-
EfHuent Scheme. Original Project and history of - since 

1916 .. 
Erosion below Falls and rapids 
Evaporation of water from tanks 

. from damaged lands 
of sub-soil water from damaged lands 

F 

I 
I 

----.--
Reference. 

----.---

T.P.19. 
T.P.19. 
T.P.19. 
T.P.19. 
T.P.19. 
T.P. 19 and 25. 
T.P.25. 
S.LD.N. 17, 19 and 20. 
I.D.R.N. * 26. 
T.P.25. 
T.P.14. 
Ag. JournalI.S.C. 1919. 
I.D.R.N.* 10. 

Do. 
Do. 

T.P.24. 
LD.R.N.* 10. 
I.D.R.N.* 10. 

Do. 
Do. 
Do. and T.P. 24. 
Do. 
Do. and T.P. 24. 

RE.C.XXX. 
T.P.25. 
B.E.C.1918. 

I.D.R.N.* 17. 
T.P.17. 
T.P.17. 

T.P.17. 
T.P.17. 
T.P.17. 

I.D.R.N.- 20. 
T.P.17. 
S.I.D.N.6. 

S.LD.F.133. 
S.LD.N.6. 

S.I.D.N.6. 

S.LD.F. 133. 
T.P.15. 
S.I.D.N.16. 
T.P.24. 
T.P.24. 

Falls-Old and new design of - . . • . ..1 T.P. 15. 
-Comparative cost of the old type fall and flume meter 

fall ., Do. 
-Design of dissipators of Standing Wave Flume Do. 

Field irrigation I.D.R.N. 8. 
Financial aspect of land drainage f I.D.R.N.* 10. 
Floats-Velocity measurement errors using T.P.15. 



Bubjeot. 

F-<lOntd. 

Flood absorption-by tanks (ltikes) 
Floods-Maximum-in Deccan 

-Relationship with ,rainfall 
-duration of-

Flooding of lands to leach out salts 
Flume- Crump Standing Wave Flume 

-meter fall 
-Modular limit of B. W. 
-Formula 
-Narrow throated B.W.-
-Theory of long crested -
-Principles of design of B.W.-

Flumed masonry works . . , . 
Fluming. Reduction of afflux due to -
Flumed regulator. Effect?f - on silt draw 

G 
Gates-Automatic - at Lake Fife 
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-Model experiments to ascertain dischage coefficient of-
Gauge. Float-
Gibb module-Conditions where suitable 

, -Original and general formulas for -
Godavari Canals-Damage in - tract; soil classification maps 

of-
-Areas suitable for various crops on -
-Hydro-isobath maps of -
-Block maps of - .. 

Grasses. Utilising - for prevention of scour in open trenches 
Gul rates per palla for 1918 to 1926 in Poona 
Gul and sugar rates-Chart showing - for years 1890 to 1927 .. 
Gul and sugar rates-Relatio~hip of-

H 

I.D.R. N. 14.* 
I.D.RN.25. 
I.D.RN.7. 
I.D.RN. 25. 
T.P.24. 
T.P.'15. 

Do. 
Do. 
Do. 
Do. 
Do., 

. Do. 
1.D.RN. 22.* 
, Do. 

T.P.26. 

I.D.RN 23.* 

S.I.D.270/A. 
T.P. 26 and 
1.D.RN.3. 
1.D.R.N.3. 

S.I.D.288. 
S.I.D.286. 
S.I.D.284. 
S.I.D.288. 
I.D.R.N. *10. 
T.P. 17 and 21. 
S.I.D.186. 
S.I.D.N. 21. 

Hand weed sickle. Effect of - on removing weeds froml 
canals "1 B.E.C. LXXIV. 

Head- .. T.P. 15 and 20. 
-Error ill measurement of loss of- ' Do. 
-Friction-. ....1 Do. 
~Velocity-' .. j Do. 

Headwalls for pipe drains, .. .. I.D.RN. *10. 
Headwalls Humped-in distributaries .. . . i T.P.25. 
Headwalls for perennial sections of distributaries.. ..1 T.P.19. 

, for non-perennial section .. i ,Do. 
Holdings-Consolidation of small- on Deccan Canals .. ! S.I.D.F. 171. 
Hume concrete pipes-Graph showing discharges and cost: 

for different sizes of .. ' I.D.R n. 
Hume concrete pipes-Cost of carriage and laying I.D.RN.2. 
Hump-Design of- , .. T.P. 15. 
Hydraulic gradient- .• T.P. 20. 

-Mean radius .. T.P.20. 
Hydraulic jump~Adaptation of - for quantity measurementsl B.E.C. LXXIV. 

-Theory and formula of - .. .. ..t T.P.15. 
Hydro-isobath. of Deccan Canals, i.e., lines of equal depths ofi 

water ~low ground surface. , 1-
-GodavarI RB. ..' S.I.D.N. 15 and 

.. L.B. S.I.D. 284. 
-Pravara RB. S.I.D. N. 15 and 

.. L.B. S.I.D.285. 
-Nira L.B. S.I.D. 290 

.. R.B. S.I.D. 291. 
Hydro-isobaths of various years in Baramati Salt lands "1 T.P. 24. 

)10 I' Si'S-' 



Subject. 

'-"--. - ----
II 

Impact losses- . 
Import duty of sugar-Conversion of - into an eftective pro

tective duty 
Inlets-On open trench in land drainage 

-Design of-
Intensity of irrigation to he allowed Defore drainage 

. -Of irrigation to be allowed after 
. . drainage 

Intercepting drains-Utility of -
Irrigation-Depth of waterings in.-. .. 
Irrigation from river flow and storages 
Isobaths-Murum- of Deccan Canals ., 
Isohyets-Maps showing . 

J 

J1pllp-Hydraulic'-

K 

K. Recuperation coefficient 
Definition of - . 

Kennedy gauge outlet. 

L 

Land drainage-Cost of - on basis of area protected 
-Financial aspects of-. . 
'-How to meet the cost of -
-Importance a,nd necessity of - .. 
-Maintenance cost of -

Land values in irrigated tracts. Enhanoement.of-
Leaching of salts !>y chemicals . 
Lindley Standing Wave Flume. Modular limit of - . 
Lining-Effect of weeds and percolation on question of -
Lining in deep cuttiDgs • 
Lining,-Wbere -is suitable-

Liquid soil. 
Liquid Solid friction 
Losses-Ahsorption-

-Percolation-
-Methods to reduce-
-from canals in the Deccan-
-from distributaries and small 

Deccan I •• ' 

M 

channels in tbe 

I.D.R.N. 11. 

S.I.D.N. 21. 
I.D.R.N. *10. 

Do. 
Do. 

Do. 
T.P.24. 
T.P.25: 
S.I.D.N;20. 
I.D.R.N. *10. 
I.D.R.65 

.B.E.C. LXXIV. 

Agricultural journal. 
I.S.C.1919. 
B.E.C. XLVIII. 

\ 

I.D.R.N. *10. 
I.D.R.N. 27. 
B.E.C. LXVIII. 

Do. 
LD.R.N. 4. 
B.E.C. LXVIIl.· 

T.P.19. 

Malegaon Cut. Effect of partial lining on afllux in-
MAnholes-Type desigu of -. . 

.. 1 T.P. 20. 

.. I.D.R.N. *10. 
Manning's formula-. Nomogram for -
Manning's and Kutter's' formulas for "N "-rugosity 

coefficient . , 
Manures-Analysis of -
Manure • .....,.various-Cost of - in years 1915 to 1927 
llieaRuring devices on D /8, Nira Left Bank Canal 
Measurements of water-Tank
Meter-Standing Wave Flum&-;-FaUs , 

S.LD. 239. 

T.P.20. 
T.P.17 .. 
S.I.D.N. 18. 
T.P.15,25. 
B.E.C. LXXIV. 
T.P.15. 



Subject. 

MetaIa-Corrosive effect of effiuent on -
Mixture of effiuent with water-Ratio of -
Module-Crump adjustable-proportional semi-module 

-Gibb-
-Modular limit of Gibb's-
-Partial running of Gibb's-
-Rateable GibIr.- .. 
-Principles and formulas of 

Modules and Semi-modules-
Modular limit of Standing Wave. Flumes 
Motion-Stream line-

Vortex-
Murum isobaths-{)ost of showing-

Significance of - on Deccan Canals 

N 

Reference. 

S.I.D.N. 1. 
S.I.D.N.6. 
I.D.R.N. *13. 
T.P.25. 
I.D.R.N. 3. 
T. P. 25. 
T.P.25. 
I.D.R.N.3 .. 
B.E.C. VlII& XLVlU. 
T.P. 15 & 22. 
T.P.15. 
I.D.R.N. 3 & 5. 
I.D.R.N. *10. 
I.D.R.N. *10 .. 

Nitrogen-in effiuent- I.D.R.N. 17.* 
Relative value of - in effiuent and other manures .. T.P.17. 

" N "-rugosity coefficient in Manning's formula and Kutter'. 
formula 

N ala-discharge in different catchments 
-Gradual silting of - .. 
-Surveys 

Nomogram for Manning's .. N" for different values of "R ", 

T.P.20. 
S.I.D.Register. 
T.P.24 . 
I.D.R.N. *10. 

II S" and ~I V" S.I.D. 239 &: T.P . .20. 
Notched fall-{)omparison with Standing Wave Flume Fall .. T.P.15. 

o 
Obstructions 00 drainage-
Observation tubes in land drainag~ Schemes 
Off takes of Pazar channels . 
Open trenches-Design of -
Orifioe outlet-Standing Wave
Olltfall-for drains 
Outlet-Standing Wave Pipe-Design of ~ 

Recovery of head of Standing Wave Pipe
Capacity 

Outlets-for nori-pllrennial section 
-for perennial section 
-On Distributary 8, Nir .. Left Bank Canal-Method 

of rotating-
Outturn.-Effect of irrigation interval on -
Outturn and profits fro,,\ cane 

. '. 

Outturn of sugarcane-Effect of the quantity of Nitrogen 
appli~d on-

p 

Pajhar channels-Design of -

I.D.R.N. *10. 
I.D.R.N. *10. 

Do. 
Do. 

S.I.D.N. Ii. 
I.D.R.N. *]0. 
T.P.23. 
T.P.23. 
T.P.19. 
T.P.19. 
T.P.19. 

T.P.25 . 
T.P.2l. 
T.P.2l. 

T.P.17. 

-- Percolation losses from - .. T.P.' 19. 
Permeable strata-Discharge through -, ... I.D.R.N.4. 
Physical analysis of Soil., Subsoils and Effiuent .. ) I.D.R.N. 17.*· 
Pier cut and ease water designs at Barrage "1 I.D.R.N.11. 

-Effect of - on affiux . " Do. 
Pipe-drains in land drainage-Where to use- ... I.D.R.N. *10. 

--Cost of - .. , Do. 
-Discharge of - I Do. 

Pipes. Hume ooncrete~wh.ther .cost can be justified in Irri-
gation work .. I.D.R.N.!!. 
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Subject. Reference. 

. Pipe outlets-Standing Wave-- .. \ T.P.23. 
-Discharge coefficient of - . '1 Do. 
-Effect of projection into a channel of - . . 'j Do. 
-Effect of adding a bell-mouth to - . . Do. 
-Effect of adding a hood at the downstream 

end of- .. .: .. ' .• 
-Modular limit of -
-Type design of-

Pit at Pimpra, Nira Left Bank Canal-Experimenta to 
find out losses from bed and .ides in -

Pitching~Objections to - .. 
Pit work in soil survey 
Pitot tube . 
Plane table-Tacheometric-Note on how to use 
Porosity 9f various strata .. 

-Measurement of -
Posthole Auger-Working of

. Profits-Effect of state of land on - .. 
-Effect of f"'gmentation or smallness of holdings on -
-Effect of amount of oil cake applied on -
-Effect of skill of the cultivator .compared to condi-

tion of lands on -
~omparison of - in 1908 and 1914-1918 

Puddle core-Limits of usefulness of -
in porous banks 

Pumping experimenta at Baramati to reduce damage 
-Effect of - on the salinity pf subsoil water 

Q 

Quantity testa-How carried out at the Hydrodynamic 
Research Statiou .. 

R 

Rainfall-Calculations of mean - by different methods 
- .. Maximum and minimum -- in Deccan catchmenta •. 

Rainfall in Deccan Canal tracta 
Rain-gauges 
Raised sill-Design of -

Do. 
Do. 
Do. 

B.E.C. LXVIII. 
I.D.R.N.4. 
I.D.R.N. *10. 
Pf·/8.and I.D.R.N. *~4. 
S.l.D.N.5. 
Ag. Journal. 
I.S.C. 1919. 
I.D.R.N. *10.· 
T.P.21. 
T.P.21. 
T.P.21. 

T.P.21. 
T.P.21. 
I.D.R.N.4. 

Do. 
T.P.24. 
T.P.24. 

B.E.C. LXXIV. 

I.D.R.N.7. 
I.D.R.N.7. 
T.P.21. 
S.LD.N.22. 

-Effect of - on afllux 
Rates for oil cake-

I.D.R.N. n. 
.. T.P.21. 

Rates of .' gul " in Poona Market 
Rateability of modules and semi-modules 
Recovery of head of Standing Wave Flumes 

-of Standing Wa,'e Pipe outlet 
-of Lindley Standing Wave Flume 

Recuperation-
Reclamation-various methods of ~ .. 

-Economic 
...:.. Plitnta ~nd crops for - .. 

Relief drain 
Remodelling of distributaries
Rentals of lands in the Deccan 

.. T.P. 17 & T.P. 21. 
". I.D.R..N. 3. 

.. II T.P. 15, 2~ & 23. 

.. Ag. Journall.S.C.;19J U. 
T.P. 14 & T.P. 24 .. 

T.P.24. 
I.D.R.N. *10. 
T.P.25. 
S.I.D.N.2. 

Resistance of water in electrical bridge in deterJ;D.ining Nitrogen 
in eflluent and total salta . . . . 

Retentivity of soils . , 
Retrogression of levels-Effect of -
. -Scour due to --
Return of Canal water to river by seepage • 

I.D.R.N. 17.* 
I.D.R.N. 16.* 
I.D.R.N. n. 

Do • 
I.D.R.N. 15.* 

- .~---.;----
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Subject Rm'erenoe 

R~ontd. 

Rise of water levels in irrigated tracts •• S.I.D.N. 16 & 
S.Il!. 284" 286. 

River Gauging at different gauging sites-Information regard
ing the-

Rivers and nallas in the Deccan -. Movement·of
Run-o:t!-Calculations of ...:... from rainfall 

-Maximum - from a - in the Deccan catchment 
Run-o:t! of past years-Rectification of - by velocity curves •. 

s 

Sale of water by measurement 
-at volumetrie rates 

Salt efHoresoenoe-Composition of - predominance aI parti
cular salts in the soils at Baramati-

I.D.R.N.* 13. 
T_P.2(. 
I.D.R.N.7. 
I.D.R.N.26. 
I.D.R.N.7. 

T.P.25. 
Do. 

-Intensity aI - T.P. 24. 
Salt lands at Baramati-Previous history of - T.P.24. 
Salts-Leaching out of - by chemioals T.P.24. 

-Percentage of - injurious to orops T.P.24. 
-Types of - T.P. 14. 

Soouring Sluioe-EfEeot of - I.D.R.N. 11. 
Screwaugar-Use of - I.D.R.N .• 10. 
Security seWer rods-Use of - in pipe dr\\ins Do. 
Seepage water-Return of- I.D.R.N. * 15. 
Septio tank-Changes in .. N" while sewage passes 

through I.D.R.N .• 20. 
"Setting" of modules T.P. 16 and I.D.R.N. 3. 
Setting of cemen1>-Effeot of Nail.. Cos on •• . S.I.D.N. 8. 
Sill Barrage-Effect of different designs of the - on afHux I.D.R.N. 11. 

-on soour Do. 
Silt draw investigation T.P. 26 & I.D.R.N .• 24. 
Silty water--Conditions neoessary to ensure - B.E.C. LXVIII. 
Soils, Deooan . Agri. Journal I.S.C., 19111_ 
Soils-Deterioration of - due to ratooning T.P. 21. 
Soil maps of Deccan CauaJa S.I.D. 288,289,301, 302. 
Soil series . . T.P. 14. 
Soils and Sub-soils-Relation of - in the Decoan T.P. 13. 
Soils1irvey-Rates for - .. I.D.R.N.* 10. 
Soil. suitability T.P. 16. 
Soil suitability fqr crops for Nira CanaJa,-Discharge based 

ou - S.I.D.F. 14. 
Soil texture-Effeot of various ooarse manures .on the preser-

vation of - .. T.P.17. 
Soil types-Physical properties ~f - .. T.P.17. 
Solid-Liquid friotion .• .. . . I.D.R.N, 27. 
Standing Wave-ConditioDs under whioh - will form T.P.16. 
Standing Wave Flumes- .• T.P.15. 
Standing Wave Flumes--Cost of T.P. J5. 
Standing Wave Flume design -. Principles of- .. .T.P.15. 
Standing Wave Flume-Effect of lIuctuating discharges on 

the design of -
-Meter falls 
-Parts of -
-Modular limit of -

Standing Wave Flume FaJI design with downstrerun diver
gences .• 

Standing Wave Flume-Lindley type .. • 
Standing Wave orifice outle1>-Experiments in connection 

with- .. 
Standing Wave Pipe outlet 
Stilling chambers for reading gauges 
Stop gates 

110 r 35--6 

Do. 
Do. 
Do. 
Do .. 

Do. 
T.P.22 . 

S.I.D.N. 11. 
T.P.19. 
T.P.15. 
T.P.25. 



, . 

Subject 

S~ntd. 

Strata cut by canaIs-Chart.s for -
-Godavari Canals 
-Pravara Canals 
-Nira Canals 

18 

Sub·artesian flow-Location 01-- in drainage trenches 
Sub·artesian flow-Effect of-
Subsoil survey-Necessity of-

., S.I.D. 293. 
"1 S.I.D.294 . 
. . i S.I.D, 292. • 
.. : I.D.R.N.* 10 & T.P. 24.' 
.. I.D.R.N.* 10. 

T.P.24. 
Sugar and CC gul" rates-Chart showing - for years 1890 

to 1927 
Sugar and CC gul" rates-Relationship of 
Surface indications to denote subsoil strata 
Symbols used in Hydraulic Research .. 

S.I.D.186. 
S.I.D.N. 21. 

.. ' LD.R.N.* 10. 

Siphon Spillways at Distributary No.5 and Khadakva.sla.
Experiments re'priming, pressures, velocities, 
etc., with 

I.D.R.N. 1 (printed). 

I.D.R.N.* Ii. 

T 

Tacheometer Plane table-Instructions on use of 
Tintometer readings for determining silt in water 

Transition sections of canals 
Transpiration ratio of sugarcane 
Trenches-Cost of -

-Design of open and pipe - .. 
-Discharge of- .. 

Turbines-Water-

u 

S.I.D.N.5. 
S.LD. Register and. 

I.D.R.N.* 21. 
I.D.R.N.4. 
I.D.R.F. 158. 

LD.R.N.* 10. 

S.I.D. 154 and T.P. 17. 

<, Udid " green manuring-Effect of - on the outturn of cane.. T.P. 17. 
Unitisation of areas I.D.R.N. 6. 

v 

V Notch experiments 
Vanes-BalRe - of Gibb module 
Varieties of cane suited to elRuent irrigation 
Vegetables-Suitability of - to elRuent irrigation .. 
Velocity permissible in channels 

-of approach-Theoretical and actual eftect of~ 
Velocity measurements by current meters 

-by pitot tubes .. 

1 
I 

.. ! S.I.D.N.9. 

.. 1 I.D.R.N.3. 
"1 T.P, 17. 
..1 T.P.17 . 
.. 1 T.P.19. 

T.P.15. 
I.D.R.N.* 15. 
LD.R.N* 24 and 

Venturi module sluice on Distributary 8, Nira Left Bank Canal. 
Viooocity formula 
Vortex flow-Free -

LD.R.N.* 5. 
T.P.25. 
I.D.R.N.27. 

w 

Water cushion 
Water levels of wells in Deccan Canal tracts 
Water level recorders-Bore·hole and Stevens
Water requirement experiment" 
Water restriction-Potential advantages of. 

-Difficulties of 
Watercourses-Capacity of-
Waterings in the hot season-Irregularity of -
Waterings-Variations from the standard 10 days - , 
Water levels-Causes of fluctuations and rise of - in weI, 

.. : I.D.R.N* 5. 

i .. I T.P.l0. 
. '1 S.LD. well registers. 
.. Pf/3 and Pf/6. • 
•• r T.P.17. 
.. T.P.25. 

' .. -T.P.25. 
.. ' T.P.25. 
.. ' T.P.17 . 
.. S.I.D.N.3. 
"1 S.I.D.N.15. 



. Subject 

W-oontd. 

Waterlogging-Causes of -
Weeds -Charts for all canals 

19 

-{:losures of canals due to - and interval between 
closures on dijferent canals 

-{:ost of removing -
-Ecology of-
-Effect of light as observed by tintometer tests, on - .• 
-Effect of velocity of water on -
-Effect of silt (as observed by white disc read-

ings) on- . 
-Factors affecting -
-Rate of growth of - on Pravara canals .. 
-Types of - in the canals 

Wells -Recuperation of-
--Rise of water in - after advent of canal irrigatio~ 
-Salt contents of water in wells 

in different sub-soils before and after advent of 
canals 

White disc readings-Object of -

X-Nil. 

Y-Nil. 

Z-Nil . 

I.D.R.N.- 10. 
I.D.R.N.- 21. 

Do. 
Do. 
Do. 
Do. 
Do. & B.E.C. LXVIII • 

I.D.R.N.- 2l. 
B.E.C. LXVIII. 
I.D.R.N.- 21. 

Do. 
Ag. Journal I.S.C., 1919. 
S.l.D.N. 15. 
I.D.R.N." 19. 

I.D.R.N.- 28. 
I.D.R N.· 21. 

. --------~---------
BOllB.t. Y : PJUBT.BU AT 'I'D GOVINlJlDlT CbTUL I'BJtSS 
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Ge .. l1IIlIote:-
R.' .... n ... In brack.1s are 10 T •• hnleal Papen : T. P. or R.pnrls L D. R. JI. (.11 Index) 

Salt lands. Baramati. before draJna.ge a.nd reclo.m.ation. (T. P. 24.) 

60 Ton Crop of Cane grown ill reolAm.tion land, B&ram&ti. (T. P. 24..) 

110 .. ~Ut--8 



Khadll.kva.sl l1. Siphon Spillw&y. Siphon just at the point of 
fun priming. (Q = 150 C •. ) (I. D. R . N. 5.·) 

22 

Siphon Spillwo.y &t Kha.do.kvMl& Bhowing Siphon failing 
to prime &9 a result of trjangular cut water giving 

ingress of a.ir, through vert-ic&1 water dia.phragm. 
Q ~ ISO 0.. (I. D. R. N. 5.·) 

Siphon Spillway a.t Khada.kvagJa. showing Siphon fully primed, discharging 600 Ca. (I. D. R. N. 6,·) 
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General view of Kb&da.kv~sla.. Hydrodynamic Research Sta.tion showing Standing 
Wa.ve Flume in foreground. Baffle boom dissipa.tor fall in middle distance 

and Kho.dakva.sla. Dam in back ground. (I. D. R. N. 26.-) 

Looking downstream from top of Dam fall in foreground wit·h haOle boom 
dissipator on right and biff waH dissipat,or on left. St&nding Wave 

I<'lume in back ground. Mut.h Right. Bank C&n&1 on right. 
(I. D. R. N. 26.') 



Q=170 c.., D. = 3'15. 
Ba.ftle hb = 15" a.t 4'·6'" boom 
at 18 feet. Bill_II hb=I'65 
at 46 feet. Heave at side due 
to boom not reaching bank. 
(I. D. R. N. 26.') 

24 

Right side baftle hb = 16-, 
L = 4'.6·, Boom at 18 feet 
(floa.ting). Left lide .e Biff 
wall" C = 1'7 for 200 Cs.; 
hb = 1'65', L = 46 feet. 
(I. D. R. N.26.') 
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Bird's eye~viewofthe Hydrodynamic
Research Station'of downstream show
ing Oderola.l model, Barrage model 9' 
a.nd 6i' ChanneJ.a. Pot oulture house
in the back ground. (For Phm WM 
Plate I. Drawing No. 62 of I. D. & 
R. C.) 

9' Carrage Channel. 

+- C.S.w'r: :-: C.OuNei" ~"'::::==~::::::~::I 
~ ODEROLfiL NODeL. ::, I, Pf!lfJrid:n! Ife;;;'" 1I 
""-Ul.l.1i.ll1 L1.lJJlillLU Wlllilil1lJ Wlil ill Ull ill will w W, ,U 

. 2·S. 111.1: !lf1ricu(furO( vhow l10dels :: 
J' " 

Hydrodyn&mio Research Station at 
DiatributM-y No; 6, Rahri Fall model . . 
Barmge model in 0' Channel in the 
baok ground. 

MAN..tR.1 CHANNEL 

" " 
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Bird', eye·view of the Hydrodynamic Research Station at downstream showing 
model of a.utoma.tie ga.tes at Kh&dakvasJ.a.. Horizontal Diversion Device. 

Ojbar Weir model a.nd Flume Faile. Oramp A. P. M., Gibb Module 
and S. W. P. O. (Vid, Pl.te I. Drawing No. 62.) 



Me&luring Cho.mber showing Hydra.ulic jump device wWch 
devioe defleots water for mea.aurement in a fra.otjon of 

•• eoond without affeoting upstream oonditione. 
(Vid~ eket.ch in .heet No.6.) 

r-_ 
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Hydrodynamic Research Sta.tion at downstream showing 
9' Barrage a.nd 6.' new Cha.nnel. In the foreground 

Me seen Mundhv8. a.nd Ma.njri bra.ncbes of 
downst.rea.m ; in the back ground OD. the 

left is seen the C8.ne Crusher Shed. 

»)HJ • Manjrl Channd . 

/ --/ --- --
/ 

/ 

I 
/ 

/ 
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MODEL OF ODEROLAL nUllED REGULATOR WITH SEVEN OFFTAKES. 

Advant&gea :_ 
(i) CompaotDe&SI and oheapness of design.. 

(ii) Excessive ailt draw of olft&king chanilels obviated. 
(iii) Lo .. of h .. d negligible. (T. P. 26.) 



JIO.36-I 
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Baffte f&U in aotion; looking upatream. Drop 6' in Mundhva channel. 
(T. P.16.) 

Small modell of Flume FaU.t Diatributll.ry No.5, Muth. Rigbt Bank CanaL 
(I. D. R. N. 26.0 ) 
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Model of Baflle-boom dissipator (Left) compared with bift .. &11 dissip&tor 
(Right) from above fall_ (L D. R. N.26.·) 

Rohri Fall Model-Serice X. SUt op.-d in the bed; bed .... deepened 
in the middle. . 

Sbows no BOOnr in the bed beyond 126 f .. t (actual) from toe of fall if Rebbock 
I' high ill placed at 100 f .. t (actol) in addition to bem. &ad boom. 

(I. D.l\. N. 26_·) 
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Pointed pi .... 1 in 6 apotnam ; 1 in 10 do_. (Looking d......-m.) (I. D. R. N.lI.) 

Pi ... oquil&leI&i_ of oiroIeo. (Lc>okiDs do_.) (L D. R. N. ll.) 
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Sill experiments: Los. of head 0:::: O· 034. Original eillievel rAised 1 foot. 
R. L. 177 with 1 in 5 slope upstrea.m from 177 to 176' 0 and 1 in 10 

slope downstream from 177·0 to 171·0. (I. D. R. N. 11.) 

SIll experiment.: LoIS of bead = 0'021. Sill, R. L. 177'0. 1 in 3 upltream 
and 1 in 6 up to 174·7 and 1 in 70 to R. L. 174 downstr .. m. 

(Looking downat"""".) (I. D. R. N. II.) 
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MODEL or AQUEDUCT 110. 83, IIIRA RIGHT BAlIK CAJIAL. 

A. flno"y designod (Flumod) 
equivalent bed width -= 14 fept. 
Looo 01 hood - 0'166 I .. t. 
(I. D. R. N. 22. 0 ) 

Jlo.M-9 

As originally designed 
equiv.lent bed 
width = 34/.9". (I. D. 
R. N.22.") 



Model of Bame after tiDing; the relative effect of pa.r.tia.l 
lining .... ...,.".lAined. (T. P. 20.) 
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Ma.lega.on rock Cut-SO feet deep, Nira Left Bank Canal. 
(T. P. 20.) 

M.del .f Ozhor Weir &1 Dilltributary No. 6. (I. D. R. N.6.0 ) 
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n ... c.u....Gibb)lodtdem _____ m ........... CofR~ 
a-SWioaIooP>ol_ AJJ __ ... _ ........ ~ _ 
__ dopdo of __ .... I·a,... abcmo ........ __ (L D. B. Ii. a.) 

-.. .. __ ........ x-.. ~t-o.-I~ .. _~ 
.......... ar.. (~......-., (LP.IS.., 
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S~an~ ~av:e Flume at head of.N~a Ri~ht BankCanaL (Looking downstream.) ·,CT. P. is.} 

Standing Wo.ve Flume at head of Nira. Right Bank Canal designed to measure discharges 
up to 1.750 Ca. (Looking dOWDatream.) . (T. P. 15.) 


