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PREFACE 

. Importance of Soil and Water Conservation cannot be over-emphasized. AI~ 
life except perhaps fish depend on food grown on land. It is, however, a law of 
nature that good things are accompanied with-evil things. In proof of this law, 
soil and water conservation measures are accompanied by problems o! water 
logging and land drainage. 

The Sub-committee of the Deccan Agricultural Association in its "WORKING
PAPER" prepared in July 1960, has estimated the acreage of about 15 lakh acres 
that has been affected by ill-drained conditions in rainfed areas of this State. The 
distribution of this acreage carrying ill-drained conditions and consequently 
thrown out o_f cultivation, as has been pointed m. the said 'Paper' is as under:-

(i) Purna Valley:-A tributary of Tapti itself accounts for 12 lakh acres. 

(ii) Remaining three lakh acres area is spread over in patches in the river 
valleys of Katepurna, Nalganga, Bhima, Godawari and Purna (Tributary of 
Godawari). 

These ill-drained areas need immediate attention and installation of suitable 
drainage measures for restoration of their prospective productive capacity and in 
view of the recent promulgated State Government's policy of attaining self sufficien
cy in respect of food within next 2 years; they cannot be offered to be neglected 
over a single season hereafter. 

Reclamation of the affected areas stated above need a community app1·oach on 
sub-catchment basis. Reclamation measures are costly and Ca!'\Ilot be undertaken 
by individual cultivators. The problems of ill-drained conditions and damaged 
lands have passed beyond the stage of small scale and laboratory research. Under 
these circumstances, and in view of the urgency of attaining self-sufficiency of 
the State, in respect of food, reclamation measures are necessarily to be taken up 
the State-sector. · 

In order to enable the departmental officers to sucessfully take up these new 
type of works, there has been a long felt need of a technical bulletin on the subject 
of reclamation of ill-drained areas. Dr. N. K. Ghumare, who had recently been 
deputed to States, has specialised himself in 'Reclamation of Saline-Alkaline 
Soils'. He has prepared this bulletin, based on the relevant literature, both from 
this country and U. S. A., supplemented by his personal observations and experience 
gained .by him on our soils. 

'rhis bulletin is intended primarily for soil conservation Engineers and also 
for officers working in related fields. It includes principles of drainage, a review 
of the fundamentals needed and different methods of surface drainage that are 
backed up by latest research findings in U. S. A. and are successfully been practised 
ana therefore have gained confidence of cultivators in American Agricultural Field. 
It is hoped that officers in Soil Conservation Section will find much of the technical 
matter in this bulletin useful for designing and installation of drainage schemes to 
meet the ever increasing demands for reclamation of ill-drained soils. 

Poona-1 f 
The 24th November, 196!1. , 

L-S (Q) 1047-ii 

s (Q) 1047-ii 

M. B. GHATGE, 

Director of Agriculture, 
Maharashtra State, Poona. 



Chapter I 

GENERAL 

One of the recommendations in the Land Use ,.; 
P~!L!s..J!l!'! nec~ssity_of _the provisiQn_o.LPI."<l:"
per land drainage. It is possible that in some 
lands and in certain· situations, though the lvnds 
are fit for crop production, bad drainage condi
tions will limit the productive capacity of the 
lands affected. Reasons for ill-drainage are many 
and the same have to be studied further carefully.' 
For the successful working of drains and bunds op. 
.integrated plan beyond · the boundaries of the 
individual land holdings, it is quite necessary to 

\treat the whole natural unit of practical size. This 
may be a small practical watershed from ridge to 
ridge or catchment area so that the whole problem 
can be tackled successfully on a community basis; 
however because of the local, social and political 
influences combined with physiographic pattern, 
the size of catchment most favourable for co
ordinated action is likely to vary in different 
loca~es. · 
V£auses leading development of ill-:drained 
conditions may be many. They may be one or 
more as detailed below: · 

(~) Chocking. of ~atural water courses ,and 
-·feeder ;drains due to neglect of land and for 
· want of proper soil and water management 
practices; 

· · (2) Construction of 'Big-Tals' without ade
. quate surplussing arrangements; 
., (3) Aridity of the climate with great soil 
depth and heavy texture; 

( 4) Topographic situation, which affects the 
surface soil due to salt· washings from the 
surrounding areas; 

(5) Nearness of saline sub-soil water; 
(6) Impervious sub-soil conditions; 

(7) Saltbearing sub-soil strata; 
(8) Seepage from canal or reservoir; 

(9) Presence of impervious strata; 

~ 
Pre-requisite conditions for. recla~~tion of ~1-

drained or water logged soils IS prov1~1on of satis
factory drainage system and deepemng of nalla 
courses-wherever necessary. _ 

After establishing the drainage system Agro
nomic and Chemical amendmen~ may ~e nee!led 
for complete reclamation of. s!lils wh1ch .In:1ght 
have developed excessive sahmty or alkahmty. 

""w drainage promotes crop-growth 
A wet ;oil is a cold 'soil. This· is because, it 

takes much more heat to warm wate; than to 
warm soil. When soil is drained, a1r :replaces 
the water that is drained away. It takes rela
tively little heat to warm this air. To grow '\>ell, 
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plants of course, need warmth and air in the 
root zone. T.b!!_ bacteria _ _t!lat _ ~hange organic 
matter and fertilizer into something the plants. 
canuse; require air and warmth. A wet soil is 
likely to be tight or compact or dense. Plant 
roots cannotsp_reaa-easily through such· soil. 
Soil building crops- cannot -grow and we cannot 
allow a ·balanced crop-rotation. Liming is also 
often useless in a soggy-soil A wet soil when 
drained of excess water can come to wapsa ear
lier and can be worked well. A properly drain-
ed field will not have wet spots. · · 

How land is drained 

Excess water can be drained from land either 
by open surface drains or by under-drains 
usually tile.· Each method has advantages and 
disadvantages. Open ditches occupy land. They 
are usually hard to cross with farm machinery. 
They chock up with weeds and silt and have to 
be cleaned very often. Unless they are deep 
they drain only the surface not the soil. But their 
initial capital cost for outl~y is less than the tile 
drains. For tight soils in humid areas . surface 
drainage is usually neces,sary. Maintenance 
recurring cost for open ditches is essential for 
its efficiency. Tile drains, on, the other hand, 
waste no land and do not interfere with farm 
operations. They need little care once they 
are installed. Since they drain the pores of the 
soil, roots of crops can spread. But usually 
tile drains require more cash outlay in the 
beginning and they are not effective in some 
soils. 

Planning drainage system 

Only conditions in a particular area can de
termine the kind of drainage needed and the 
method of its outlay. What is good in' one place 
may not be good in other. The type of soil the 
nature of sub-soil and hard incrustations if' any, 
the ground slope, the crops grown and to be 
grown and repayment capacity of land for the 
capital expenditure for the installation of drain
age system are the main considerations for de
vising the type of drainage system. Neighbouring 
fields must also be considered. An adequate 
~ainage system often involves tackling of en
tire catchment from ridge to ridge and is not 
~mly economic and effective but a permanent 
rmprovement for better crops production. 

The next thing is to decide the outlet p.>sition 
wherefrom the water will be discharged. Plans 
for successful farm drainage includes plans for 
controlling erosion on the land, on ditches and 
spoil banks, and at outlets. They include plans 
for farming the drained land in crop rotations: 



that will bring about good soil tilth, or struc
ture. We have also to plan for maintenance of 
drains and for their continued efficacy. 

Surface drainage principles 

The surface· drainage system can _be conve- · 
niently divided into three functional parts. 

(1) Collection system.-Bedding, · surface 
field ditches, row-ditches, or diversion ditches, 
are-parts of. the system that picks up water 
from the land. · · · . · 
· · (2Y' Otsl>osai System.-'-This 'part ·of the sys
tem receives the 'discharge from the collection 
system and conveys it usually in an open 
chapnel· to the out-let. 

(3) Outlet.-This- is the end point of the 
drainage system to be installed. 
Fundamentally, surface drainage uses the 

potential energy that exists due to elevation to 
provide a hydraulic gradient. The surface 
drainage system creates a freewater surface
slope to move water from the land to an outlet 
at lower elevation. The design of collection 
system such as bedding or field ditches in fiat 
land is based mostly on impirical criteria. The 
rate at which the surface water must be remov
ed from the land is a function of the crop re
quirement and the source of excess water. 

Bernoulli's theorem is used to compute the 
hydraulic grade line for steady flow ·~onditions. 
Losses of head due to friction are computed by 
an open channel formula, usually Manning's. 

Sub-surface drainage principles 

Forms of soil water.-(1) Gravity water; 
(2) Capillary water; (3) Hygroscopic water; 
( 4) The water table and capillary fringe. 

Principles of Flow in the saturated Zone.
Flow of water in the saturated zone involves 
mechanical chemical, and thermal energy and 
molecular attraction. 

Permeability and bydr3ulic conductivity 

Permeability of a porus medium such as soil is 
its capacity to transmit fluids. It ·is a property 
of soil describing the ease with which the fluid 
is transmitted such as rapidly permeable or 
slowly permea'ble. l!ydrau~conductivity of ! 
soil is a numerical value Tor pel:"ffieal:llhty. 

It is measured by Darcy's law. Accordingly, 
'hydraulic conductivity is the effective velocity of 
flow when hydraulic gradient is unity. Hydrau
lic conductivity depends on properties both of 
soil and water. A high value is associated with 
high porosity, coarse open texture and h1ghly 
developed structure. Fine texture soils may 
depend almost e~ti_rely on the ~tructural pores 
for their conductiVIty. The quahty of the water 
transmitted particularly the salinity and elkali
nity, may have a marked effect on hydraulic 
conductivity. 

Sink Formatum in sub-surface Drainage.-Sub
surface drainage is accompliShed by :~>lacing 
below the water-table an artificial channel in 
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which ·the hydraulic head is less than it is in 
the soil to be drained. Hydraulic gradient and 
Hydraulic conductivity are the two factors that 
govern the rate at which water moves towards 
the sink. 

;:.. ' . ' -. 
~Tlie" 'HydrauliC~He~d' :·in closea an.d _ in· open . 

d!~ches depend upon the water surface elevation-. 
becausec the water, is at atmospheriq. cl;t:essiir~.· ; 

· Drci.i=ge . co-effic!i'ents.-· A br<!inage · c<ileffi!" . 
cieilt fs that rate of water removal' 'per l.tilit of; 
area . .Used in drain design to protect crops from ' 
excess surface and sub-surface water. The co" · 
efficient varies by geographical loc!liiort, land: 
lise, ahd siZe" of area to ]:)e drained .. It may- .be ' 
expressed in terms of the equ,ivalent inches of· . 
water removed in 24 hrs. or . in term:s of · flow · . 
rate per unit of area, as cubic feet per second. ! 

per. unit of .area, ~Rainfall ·frequency, . intensity 
and duration,. climate, soil permeability, crops 

· to be grown .and the size of the area to be drain:.( 
ed. are all considered· in selecting-Drainage ccic 
efficients. 

The initial capacity of an open drainage ch~~· 
nel is usually greater than its average capacity 
during the period between its construction and 
cleanout; A drainage ditch usually loses from 
!rd to ith of its original capacity before a 
cleanout is made. A good maintenance pro
gramme employing vegetative control and spot 
cleanouts may extend the period of cleanout 
ffozy5 to 20 years. 

~ '1fl-drained soils and the principle featu-res of 
1 • the water logged· area f-rom (affected catch-

!
; 'I ments).-(1) The area in which vapsa condition 

·: is not restored within a couple of days· after a 
I!\ rainfall of i* to 1". 
I'} 

(2) Due to water logging, crop growth in 
parts of catchment suffers in patches co):iside
rably. 

(3) Past history for more than 3 years reveals 
that yields are decreasing progressively. 

(4) Natural water· courses are usuaHy chock
ed up. 

(5) The affected part of the catchment 'may 
carry slick spots. . 

(6) Soil structure is partly or completely de
teriorated. In the latter case normal ·1egetative 
growth is absent. 

1/ (7) In. some cases under ground water table 
rises and soil gets soggy. 

\/'(8> Salt incrustation is visible prominently 
along the water courses. 

Dl-drained soil-finalisation of affected· areas. 

1. Either Agricultural Officer or Sub-Divi
sional . Soil Conservation Officer concerned, 
should move over the entire catchment (Ridge 
to ridge) reported to have been possessing ill
drained pockets, water logged soils, or soils ren
dered unfit for cultivation. 



2. With the help of village map ascertain the 
outside catchment for the affected part of tail 
and portion of a reported catchment and work it 
out correctly on the part plan of the village map 
tracing. · 

3. Mark out the major ridge line and examine 
whether runoff from upper reaches can be 
diverted outside the affected part of the t•atch
ment even if it means to cutoff some minor local 
ridge to avoid its concentration in the tail end 
part of the catchment. 

4. Mark the position of the old 'Big-Tals' if 
a~y and their seepage zones on the part plan of 
the catchment. 

5. Then mark out the major ridge and slope 
directions, slick spots and finally the exact por
tion of the affected catchment and indication of 
ill-drained area. 

6. Enquire into the crop history; study the 
type of soil and other causes leading to the im
peded drainage, such as silting up of the maiQ; 
natural water courses, and how far they are re
quired to be deepened and widened. Mark out 
on the plan all these details. 

7. Data regarding annual rainfall, highest in
tensities, extent of the span of spread an,d depth, 
accumulation of runoff, crops to be grown, should 
be carefully studied. · 

Survey work 

8. In general, the topographical survey should 
be carried out at 55' grid. An accurate contour 
map when prepared, it is necessary to decide the 
type of drainage layout that will be suitable and 
economical. Then decide the position of mains 
submains and lateral drains, and the position of 
outfall-end or outlets. Mark out on the plan the 
dishy portions by thorough field inspection. Then 
take up detailed survey at 27!' grid along the 
mains and submains to be laid out and prepare 
their "L" sections, and plot them correctly either 
on contour map ·or on separate sheets. The rise 
and depth of un,derground water table if any 
should be carefully studied and noted. 

9. Take up soil profiles @ 4 to 5 acres along 
the mains and also ·one or two along the propos
ed laterals, especially where there is a change 
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in soil type. Study carefully the horizon wise 
soil texture, structure, colour. Examine very 
carefully the different layers and their compact
ness, and presence of impervious layers if any. 
Yellow mottled spots will show impeded drain
age and note its depth from the ground surface. 
Rise of underground table when visible, its depth 
from the ground surface should be carefully 
noted down in the description of the soil profile. 
Collect representative soil samples in cloth b1ogs 
for the 1st foot depth of surface layer of about 
1! kilo weight and collect separately soil samples 
of depth of profile of about 12" to 48N. Number 
the soil profiles, and mark their respective 
positions on the contour map by some legend. 
Then carefully name the soil samples with its 

. description such as village, block No., soil depth, 
date and time of collection and despatch the 
samples collected to soils laboratory for analysis. 

Design of drainage sy:;tem 

1. Compute accurately the total likely runoff 
as per procedure detailed pages 38-47, nnd the 
discharge at the Outfall-End and further calcu
late the size and specifications for a divertion 
ditch. The provision of divertion ditch will ward
off runoff concentration in the ill-drained and 
w~ter logged parts of catchment. -

Designs of mains and laterals 

2. On the basis of the data collected and con
tour map prepared, it should be possible to de
cide the kind of drainage system needed. The soil 
type ground slope, clearance gradient (vertical 
fall) at the outfall end, the crops that the cultiva
tor has grown and he desi,res to grow, and the 
value of land are all the points to be considered 
when deciding the type of drainage system need
ed for the reclamation of the ill-drained soils. 

In major number of cases, surface-open drain 
system should suffice. In very heavy compact 
soils, the field ditches to a depth of 2! feet to 3 
feet are needed. But remember shallow 
ditches merely remove surface runoff. If the 
land also needs soil drainage, we must dig nume
rous and comparatively deep ditches, or construct 
under drains (Tile drains). 

TABLE 1 

Area of level to gently rolling land that can be drained by V-shaped field ditches running 
full . 

(Computed by Manning formula, n=0.045). 

Area Jratned by ditches whb fall prr 100 feet e:f 
----·----·---- ----

Depth of Top width tide Elopes E:r:or.ya.tion 
ditch of ditch per !CO 0.02 O·O' o.os o.ce Q.l 0·15 ~.2 o.s o., 0·6 
(feet) feet foot foot foot foot foot fo.:>t loot foot ft. ft. 

1 ~ 9 4 5 6 7 8 9 1~ 11. 12 18 u 
feet Oubio A ores Acs. Aos. A ca. Acs. A,s, Acs. Aca Acs. Aoa. 

yards 

1·0 6 3to1 11•1 10 14 17 20 22 28 32 39 45 50 
8 4 to 1 14·8 13 19 23 27 30 37 43 53 61 68 

1-5 8 3 t.o 1 25·0 30 42 52 6Q 67 82 94 116 134 149 
12. 4 to'] ::!3·3 40 57 'iO 8l 90 110 127 ].56 180 202 

2·0 12 3.to 1 44'5 64 91 111 128 143 176 203 249 287 321 
16 4 to { 58·3 87 123 151 174 194 238 275 338 390 436 

s (Q) 1047 a 
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TABLE 2 

Areas of leve~ to gently rolling land that c~tn be drained by small flat-bottom ditches 
· with. 2 to 1 side slopes, running full . 

(Computed by Manning formula, n=0.045). 

·-
Botlom Area drained b7 dilobea with loll per 100 feel of 

width of Top width of -Depth of dlloh diloh Exca.,.a\ion 
clitoh (leaiJ per 100 0-02 O·Oi o.oo o.oa o.l 0-15 0·!1 o.s o., 0-5 

feel fool fool fool fool foo~ fool fool. toot foot. foot. 

1 !I . s i 5 s 1 a· 9 10 11 12 1a 14 

Feel Peel Oniio Acres Aoa. Aaa. Ao1. Aoo. Aoa. Ac1. Aos. Aos. J.os. 
yard• 

1·5 4 10 38·9 57 81 100 115 129 157 182 223 258 288. 

6 12 50·0 78 110 135 156 174 214 247 302 350 390 
2·0 4 12 59·3 102 "145 177 205 229 280 324 397 459 510. 

6 14 74-1 135 191 234 270 _301 369 426 525 604 700 
2·5 4 14 83·3 162 230 282 325 363 445 515 630 800 97tl 

6 16 101·8 209 296 362 419 467 570 675 963 1240 

(SOURCE:-"Farm Drainage" Farmers' Bulletin No. 2046, U. S. D. A.). 

Velocity is within range 2.6 to 3.0 feet per Topographical situation and the lie of the land, 
second. are the major consideration to decide the type of 

the drainage system that befits. 

Different types of tile drains:-

Grades to be provided will be 0.2 per cent for 
the first 1000 ft. and subsequently 0.3 per cent 
throughout. The maximum grade to be provid
ed will be 0.5 per cent depending upon the soil 
type. (1) Gridiron or parallel system; (2) Herring

Bone; (3) Random system; (4) Double-Main 
system. 

Sizes of drains and permissible grades are given 
in Table 3 and 4 below: 

TABLE 3 

Areas from which 3/8 inch depth of water can be drained by tile in 24 hours. 

(From Yarna1 formula, V=l.38 RWSSil: 

Fall per 100 feel ----- ----
81• oflile 5f81uoh 1! iuoheo !1, 8/8 8, 5/8 4,f 6 9 19 (iaohoo) lo.o5lootj (0.1 fool) inches lnche1 inches inches inohe1 inches (0·2 (0.8 (0-4 (0·5 (0-76 (1 foot) loo') foot) foot) foot) foot) 

1 ~ s 4 I 6 1 8 9 

Acres Acres Acres Acres Acres Acres Acres· Acres 
4 4 6 8 9 10 1:2 14 
II 6 8 u 14 16 18 22 26 
6 9 13 19 28 27 30 86 42 
8 20 29 41 49 57 64 79 91 

10 87 62 74 90 104 117 143 165 
12 60 85 120 147 170 189 233 268 

(SouaCE:-'Farm Drainage' Farmers Bulletin No. 2046, U. S. D. A.) 



TABLE 4 

.Maximum length of tile lines at minimum 
· grade 

Size of TUe (ioobeo) Minimum gra~e P.r Mezimum length 
100 foot 

1 8 

foot feet 

4 0.10 1,300 

·5 .07 2,000 

6 .05 3,000 

. Distances between laterals and their respec
tive lengths of ~ile per acre are given in table 
below: 

Laterals (foot) 

40 

'45 

50 
55 
eo· 
65 
70 
75 
80 
85 
90 
95 

100 

150 
200 

Feet of tile required per aere 

... 
0 -~ ... 
... 

1,089 
968 
872 
792 
726 
670 
623 

581 
545 

513 
484: 

459 
436 
291 
218 

(SouRCE:-"Farm Drainage" Farmers' Bulle
tin No. 4046, U. S. D. A.). 

Estimated cost of 100 running feet construc
tion of different types of drains is calculated ten
tatively as under: 

(1) Tile Drain 

(2) Country 'l'ile 

(3) Boulder Drain 

- 4" dia. 

-6" dia. 

( 4) Open Drain of 11 sq. ft.seetion. 

Rs. 

350 

225 

200 

66 

Following are the actual expenditure amounts 
'incurred on different types of drains in the 
Sub-Divisions under Sholapur Division. 
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Sub-Dtvlalon 
1 

Item 
!I 

lilo. P. 
Bbolopur I ... (i) Coal oltlleo '" dla. oemeot pipe 187 ·00 

d Ra. 1· 87 per fool. 
(li) Traoapcrtatioo charge• of pl(olor 10·00 

16 mllu at Ro. 0·10 per pipe. 
(Ill) Exonalfoo oool at Ra. 1·86 por 18-00 

braoo lor 18·00 aq. ft. oectloo 
Ba.17·M• 

(h) Coal of filling the bottom lenglbl 
to lhe depth of s• over a 
breadth ol6". H91·00 

(•) Bouido!'ll required for pocking I 
the 111ea. J 

(vi) Cost ol bamboo pieoea for covering 7 .oo 
tilo jolota at '0 bambooa for 1CO 
fl. . 

(•li) Coat of graaa to belaldoo tllea ... 11·00 
(viii) Labour chore• !or fixing tho '6·00 

. . llloe, filling with bamboo boul· 
den, ~raas and top aoU SO 
labourers for two day a • 

Total - 840·00 

Sholapur 1I ... (I) 1000 oft. at Ba. 8 per lCO ofl. 46.00 
aeotion 1~·00 aq. ft. 

Baroi-I 

(II) Coat of the pipe for 4", dia, for 160·00 
100 pipe. 

(Ill) Co•t of tranoport&tloo of t·ipe ~.ol) 
from factory to 111te per mile. 

(iv) CooL of spongy motedol around 40·00 
the pipe. The quootlty olm•ta· 
rial raqutred will be. 100 eft. I.e. 

a.bout one oarG. 
(•l Lobour chorgeo for tnalollatlou of H·OO 

pipe drain I. o. two men and two 
women for two days and filline 
of ~be material Around the pipe 
at Ra. 11·00 par mao at Re.l·OO 
per woman. 

Totll - ~61·00 

- (ll Exca•atloo 1100 oft. at Ba. 8 aeo- 88.CO 
lion 1100 aq. n. 

Ill) Tile ol 4" dia, at Rs,1.60 perlool 100·00 
for 100 rlt. 

(ill) Other motorial' lo bo uoed for fiJI. 7~ .oo 
log ••or thetllea. 

(h) Filling ol earth at :Ra.l·OO ptr H·OO 
100 ofl. for 900 oft. 

To,al ... ~7i·OO 

- Tile drains I wtth I/' and 6" cemea• 
plpd with a dapth of 6' 1o 6'. 

(I) Coal ol 4" plpa a1 Ro. 1·87 per 187 .oo 
fool for 100'. 

(II) (a) Ezaavatloo ol drain } 
ib) Filling pipe 6•·60 
10) C .. ertog tbe drain eto, 

Labour oborg•a.-
(1111 Coal of malerlal required lor 111·CO 

the drain. Ba. P, 
Ia) Boulders 8·60 
(b) Bombooa s.oo 
(o) Green malerlol s.oo 

like graae eto. 
(dj Molal 8' to •• af•e s.oo 
(e) Tor alockl or 8·60 

oollon. 

t1-00 

(I•J Traoaportalloo ohargeoofplpe. 1~-CO 

Total ... ~80· 60 



Sab-Divblon 
1 

Bholapar I 
SholaparU 
Baroi-1 
Akalkol 

Bub-Division 
1 

... 

Hem 
2 

Amcunt 
8 

Rs. P. 
(I) Cost of 6" pipe at Rs. 1.75 psr 175-00 

foot for 100' length. 
(il) As above 

(IIi) As above 
(ivl As above 

... 5l-50 
21·00 
18-00 

Total ••• 268.50 

1100 ofi. at RB. i • 50 

ABSTRACT 

... 

295-50 ---
RL P. 

840-00 
~51-00 

27~-00 
280·50 

Total 1098·50 

CoUNTRY Tn.E DRAIN 

ltem 
!I 

... 

Amount 
8 

Ha. e. 

6 

Sab·Divlalon 
1 

l!holapur n 

Barsl-I 

Item 
2 

Amount 
s 
Ra.P. 

(1) Excavation 1500 oft. @ It.o. 8 per ,5.00 
100 oft. eeot;on 15.00 s,. ft. 

(II) Section of bould•r drain to be con.l 
struoted will be half of the sea· 
lion of the drain 7.50 sq. n. 75-00 
10.00 = 7 5.00. 

Cost of boulders per 100 oil. @j1 

Ro. 10 per 100 olt. 
(iii) Tr ansportatlon of the boulder 87 .5() 

from quarry to tho site @ Rs. 5 
per 100 oft, 

(lv) Labour ohlrgeo for two men and U .0(7 
two women for two days. 
@ Ro. 2.oa per man 
@ Rs. 1.50 per woman 

Total 171·50 

(I) 1100 oft. (In dry aoil) @ Bo. 8 per 
100 alt. seotlon 11.00 oq. fl. 

(ii) Bonlder1 @ Ra. 12 per 100 oft. for 
800 oft. 

(Iii) Olher matodal to be used for Ill· 
ling over boulders, 

(iv) l!'illing of earoh @ B•. 1.60 per 
1l0 oft. for goo eft. 

88·011 

86·00 

75-C() 

u.O() 

Total ·- 158 .oo --In wet aoll Items as above 1 to iv ... 168 ·00 
+ ss.ro 

Sholapar.1 
Bholapar II 
Akalkol 
Bard-1 ••• (i) 1100 on. (dry soli) seolion 11.00 sq. n. as.oo 

(II) Ooantryll!a 6" dla.@ Ro. 0,50 per 50-00 
foot lor 100' lonsth. 

Total - 19l•CO 

Average 191·00 
(ill) Other material to be used lor filling 75.00 

over \he country tiles. 
(i•) l!'iU!ng of eatth @ Ra. 1.50 per u.oo 

100 oft. lor 900 oft. 

Total ·- 172-00 

Average ••• 17!1-00 

Akalkot 

Sholapar I 
Bholapur II 
~arai I 
Akalkot 

ABSTHACT 
Ro. P. 

U9·25 
·.171-5() 
158.00 

In wet soU Items as above (I) lo (iy) 172-00 
+ 88-00 

Su b .. DivilliDD 
1 

Sholapar I 

Tots! ••• '7a.75 

Total ... ~05 · 00 Average _ 159-58 
----

AVP"ft"" ..• 90Pi-OO 

BOULDER DRAIN EARTH WoRK (Open draiq) 

Item 
9 

(I) Cost of e%oavatlcn seotion 10.00 
sq. ft. at Ro. 1.86 per 100 cit. 

(ii) Filling of boulders for 1st 16" the· 
refore Qty. of boulders=6 brasses. 
Coot of boulders @ RB. 12 per 
brass without lead. 

lili) Cost of sand and gravel for secolld 
9" lo.yer @ Rs. 15,00 per Brasa 
Qty. required 2~ brasses. 

(h) Cost of filling the lop soil lo tho 
remaining portion of 9" @ 
Be. 0.60!per brass. 

(v) Labour obargeo for filling the bon. 
_ldero at.BP. 80 per 100 rlt. 

Total 

Bs.P, 
18-50 

60-00 

87-50 

1·60 

8o.oo 

Sub-Division 
1 

!tom 
~ 

Quantity Amount 
~ ' 

Sholapur I ... Excavation in dry soil upto 
8' depth. @ Rs. 1.85 per 
100 ell. eectoon.J5.00 sq. It, 

Excavation in· dry 10il upto 
8' depth @ Rs. S per 100 c!b. 
seotion 15.00 sq. ft. 

Bholapur U-

Ban I-I 

Akalkot 

E'ani-I 

Exos.vatton in dry soil upto 
8' depth @ Ro. S per J.OO o. t. 
section ll.Co sq. ft.. · -

••• Excavation in dry soil upto 
<' doptb @ Ro. 2.1:0 per 
100 oft. section 24.00 sq. ft. 

Average per 100 rib. @ 16.25 
sq. u. section= 

E:s-oava.tlon in wet son upto 
8' depth @ Rs, 6 p.r lUO oft. 
section 11.00 sq. 1 t. 

lis. P. 
15CO eft. 20· 21> 

15f0 oft. 45·00 

1100 cit. us.oo 

l!OO oft. 66-00 

Note.-lnstead of using bamboo pieces or hay or dried stalks, for blinding the tile lines, it 
is recommended that pebbles or metal be used for bedding or foundation of the tiles. Boulders 
be also used on sides and joints for packing tiles upto 6 inches height from bottom cf tiles. 
On the top, gravel of the size of 2 to 3 mm to a depth of 9 inches be used. Above· the layer 
of gravel loose earth layer to a height of 1 foot be spread all over. 



Chapter II 

DRAINAGE DESIGNS AND LAYOUTS-SURFACE DRAINAGE 

Surface drainage of the individual field has· 
probably been the most neglected of all the diff
erent phases of the Agricultural lands. A small 
.amount of labour with shovel or plow could ~ave 
.drained the accumulated runoffs· at different 
.sites The farmer in some cases has tried to 
.solv~ his surface " drainage problem but his 
.approach is generally piece-meal and not acco!d

. .ing to an overall ;malysis and pla;g. Bedding 
:has been practiced in some localities for ma~y 
_years. Quite often ~e- beds are locat~d m 
wrong directions ?,f the.number and locations of 
~ollection ditches lS not adequate for most effec-
tiye drainage. _ -: - · . ·· ·· . 

~ 
-,·The ~ontrol of stiti~ce r~n~ff is one of the keys 

to proper)inoisture relatio;gship for plant growth. 
The, problem, of ·.control varies. betwe~n perme
able soils on ·hilly lands and_ tight soils on flat. 
lands. On hilly land- with permeab~e. soils con-
servation of moisture is the goal which. can be 
accomplished by contouring, strip-cropping, ter-
racing and growing grass. · _ 

Water control on gently sloping to fiat lands 
with permeable soils is by surface ch~els and 
tile drains. The highest. degree of dramage for 
.these soils is nearly always obtained by a com
.bination of open and closed drains. To make more 
-effective use of a tile system, the surface water 
shoUld be removed rapidly from the field. As 
soon as the surface water has been removed, the 
tile can then start its job of removing t~e exce~s 
soil water. Too often the surface dra~nage IS 
;not given the investigation and. plannmg that 
_goes into the development of a tile plan. The two 
. systems should be worked out t?get~er, an~ an~ 
. final drainage plan should prov~de m detail for 
·.the surface and sub-surface dramage. ~ 

Adequate drainage of gently sloping to. fiat, 
-tight soils can best be accomplished by usmg_ a 
. complete drainage system. In gen~ral, these so~fs 
have a few inches of moderately permeable so1 s 

--over a sub-soil. that has slow to. very slow per
meability. Tile can and is being used on some 
~f our tight soils .where the mo<~:erately pt>z:ne-

bl il is deep enough _to proVIde a sufficient 
:dt-a~!~le area for the tile.. However, for ade

uate drainage the tile spacmg must be so clos.e 
: qb f the shallow depth of permeable sml ecause o . ·f 1 fi ld . that tiling is seldom economical or genera e 
-crops. 1 · · . . • 

- 'Cla -Plan' areas· at some places m t~Is State 
_ h __ fy m 9, t<> 20, of permeable top sml over {I 
. ave ro · ervious 'Claypan.' 
very slowly permeable or lffiP t 'th most 
The slopes vary from 0 to 5 per cen WI eneral 

. of the area predominently _levelled. In g f 1 ·n 
tilin. g will not be econom1cal or succedss u Ill 

also scattere sma 
- these areas. Ther~ are n is far enough below 
. areas whedre th~a~e aroa permit fairly successful 
the groun sur orted to be 

. tiling. Again som~ areas . are rep These soils 
poorly drained tt!!ht s~~ifre~~~r · a siltpan. 
generally ha.ve th~tr top- from · the rylow-sole 

: Internal dramage IS. poor • 

downwards. Tile is not going to be effective in 
these lands, though the slope varies wlth them 
from 0 to 4 per cent. There are a number of 
depressions and pockets which add to the sur
face drainage problem of these areas . 

-The heavy clays in the big river valleys of 
this State are fiat and drain slowly. These 
areas are covered with many ponding depres
sions varying from large to quite small pockets. 
Some of these areas in the river belts are spot• 
ted with knolls of sandy material over clay
base. 

The purpose of a surface drainage system is 
to rid the land quickly of its excess ,,•ater, 
thereby preventing the land from becoming too 
wet and soggy, and allowing the wind and sun 
to start their job of drying the soil, as soon as 
possible, after a rain. To accomplish this the 
surface drainage system must be so planned and 
installed, that surface water will not be allowed 
to collect and stand in any area of the field. The 
key to surface drainage is to keep the runoff 
water moving off the field as rapidly as possible 
without causing erosion of the land surface or in 
the ditches . 
· There are essentially five types of field surface 

drainage systems used. Occasionally it. is neces
sary to combine two or more of these systems in 
order to secure the desired results. These five 
systems may be spoken of as the (1) bedding 
system, (2) random ditch system, (3) cross slope 
ditch system· ·or drainage type terraces, ( 4) paral. 
lal ditch system and (5) field ditch system for 
water table control and surface water removal . 
The selection of the system to use on a given 
field depends upon the topography of the land, 
the soil type, possibly crops to be grown, and 
the farmer's desires. 

0 Bedding :;ystem 

7 

The "bedding system" (Fig. 1) of surface 
drainage is generally used on fields that are 
practically fiat, slopes from 0 to 1.5 per cent, 
where the soils are slowly permeable and where 
tile drainage is. not economically feasib)e .. The 
system is designed, constructed, and mamtamed, 
so that excess surface water drains laterally from 
beds similar to plow lands, into dead-furro":'s, 
then'ce into the collection ditches and finally m
to an outlet ditch. The beds should be laid out 
with the dead-furrow running in the direction 
·of greatest slope. The collection ditches, which 
intercept the water from the dead-furrows, are 
laid out in the direction of lesser slope because 
they can be graded towards the outlet by const
ruction methods. 

Width of beds is governed by the following 
conditions: 

(1) Kind of crops to be grown. Some perma
nent pasture of hay crops do not reqmre as 
narrow beds as do general rotation crops. 
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(2) Slope of the field. Flatter fields require The random ditch will usually be located in 
narrower beds. · cultivated fields. Where not too deep, these dit-

(S) Drainage characteristics of the soil. Soils ches shQuld be constructed so that they can be 
with low infiltration and poor permeability re- crossed with farm machinery. General recom-

. bedding mendations are shown in Fig. 2. qwre narrow . 
· (4) Adaptability to farming operations. It is 0 Cross slope ditch system· - -

usually unprofitable to grow row crops in dead-· '0J __ 
furrows. Thus, bed width should be adjusted so The "cross slope ditch system" (drainage-type-
that the rows will fit the beds without unneces- terrace) (Fig. 3) resembles terracing i~ that the-
sary waste of ground along deadfurrows or . drainage_ ditches are constructed around the slope 
crowding of rows too close to the deadfurrows. on a uniform grade according to the lay of the 
The width should be a multiple of one through land. · . 
or one round with the plow, planter and culti
vator. 

For the bedding system to function _properly 
all deadfurrows must have a continuous grade 
with no obstructions or low points that would 
interfere with the complete drainage of the 
furrow. Where depressions obstruct the flow,_ 
this condition should be remedied by filling, cut
ting the deadfurrow deeper, or tapping the dep-
ression with a collection ditch. . . . 

The collection· ditches are a very important 
part of any bedding system as they·· carry the 
surplus water away from the bedding furrows. 
These should be spaced at regular intervals 
across the slope of the field depending upon the 
amount of slope and the permeability of the soil. 
Where the. land is nearly flat and the permeabi
lity of the soil very _slow, a spacing of about ?OO 
ft. is generally requrred. This can be varied 
upto 1,000 ft. for more slopping soil of fair per
m~ability. Where collection ditches are placed 
at the end of the field, the ditch ·should be placed 
about· 16 to 20 ft. in from the end to provide a 
turn strip so that drainage from the rows into the 
ditch will not be obstructed. _ 

Some general recommendations on bed width 
and layout and construction details are given in 
Fig. 1. -

This method of surface drainage is adapted to 
sloping, wet fields of 4 per cent slope or less, 
where internal drainage is poor from' the plow 
sole downward and where many shallow· depres
sions hold water after rains. · The nature of the 
soil is such that the surface water which collect. 
in these low spots cannot .infiltrate· into the' - soil:
The depressions are too numerous and the slope_ 
too great for successful bedding,:- and. generally 
'tiling is ~ot practicable or feasible.. · .· .. -. , , , 

The cross~slope ditches or terraces:. sliould be· 
constructed across the slope as straight and para!-' 
lel as topography permits. ·with' limited cutting 
through ridges and humps; The spacing between 
ditches should be about 100 ft. on a 4 per: -cent in
creasing to 150 ft. as the slope decreases to 0.5 per 
cent. The cross-slope ditch differs frgm the regu
lar terrace in that little or rio ridge is permitted 
on the downslope side of the ditch .. This provides 
for ease in crossing 'the ditches and reduces the 
damage caused from overflow. The excavated 
material from the ditches should be placed in the 
depressional areas between the ditches. After the 
excavated material from the ditches has been plac-
ed in the depressions, the area between the dit-
ches should be smoothed or graded to eliminate 

1111 minor depressions and--humps which might 
obstruct the free flow of ·surface water to the dit-
ches. · 

) 
Random ditch :;ystem It has been f.ound that for ease of farming ope

ration these ditches should be constructed with 
The "random ditch system" (Fig. 2) is adapted very gentle side slopes. Fig. 3 gives some recom-

to depression type topography having wet pockets m&ndations. 
or depressions too deep or large to fill by land The key t() the success of this system of surface 
smoothing. The random surface ditch should drainage is the elimination of the depressions 
meander from one low spot or depression to between ditches so that no runoff will be permit-
another so that the water flows towards the ted to collect and stand on the surface of the 
lateral outlet ditch. . , . _ ground. With ditches spaced at regular intervals 

The random ditch must be of sufficient size and down the slope, the runoff can be collected and' 
depth to drain off the impounded water rapidly carried away from the field. Farming operations· 
and completely. Soil from these ditches should ·should be parallel to the ditches. Thus, by laying· 
be placed in the minor depressions that will not 'but the ditches as straight and parallel as pos--
be drained by ditches. sible, ease of farming operations is provided . 

. To secure the highest degree of. drainage the \'I_,_\ Parallel ditch system ' 
entire field should be smoothed or graded to fill ~ 
all of the minor depressions and thus allow the • The "parallel d~tch sy~te~" (Fig_. 4) is adapted· 
surface watel' to flow to the ditched out depres- to flat, poorly dramed smls m which there are· 
sions or directly to the ditch. On fiat, very. slowly ~umerous small_shallow depressions, Q~ite often . 

. permeable soils it may be necessary to combine m _the past beddmg has been _used on_ th1s type of 
this system with the bedding system to do an ade- so~l !lnd slope. . On many soi!-s beddmg can be-
quate job of surface drainage. On tile!lble land ehmma~e~ proVIded t_he land IS s~oothed cr gr!ld--
having large and deep depressions this. syst~m ed _to ehmmate all mmor depressiOns and provide; 
should be used in conjunction with the ble dram- umnterrupted crop-row drainage to the parallel. 
age. field ditches. 



The field ditches should be parallel but not 
necessarily equidistant. The success o1 the system 
·d~pends largely upon t~e spacing of the parallel 
d~tches and the smoothmg or grading betwee~:~ 

-ditches. The land should be prepared so that 
-every row throughout its entire length will drain 
to a ditch. The ditches must be spaced so that 
the length of row drainage from a high point to 

.a ditch i~ such that the row can safely carry the 
:unoff Without much overfiow or erosion damage 
m the row. Another factor which influences 

·ditch spacing is the amount of earth and the dis
tance it :Will h~ve to be moved to provide complete 
. row dramage. 

Field experience indicates that the ma~imum 
length of grade drainage ·to a given ditch should 
be about 600 ft. This maximum length of grade 
sho~ld be_ reduced on s!owly permeable, highly 
·erosive soils to about 300 ft. Therefore the 
maximum spacing where the land drains i~ one 
directio~ should be around 600 ft. If the topo
_graphy 1s such that the land will drain from a 
ridge located between the ditches the maximum 
spacing could then be 1200 ft. ' 

When the ground surface has some ·general 
slope in one direction, the area between the dit
ches can be smoothed, thus filling the depressions 

.:and removing barriers. It is not necessary that the 
slope be uniform between ditches-it can be 
broken according to the lay of the land. 

On areas where the ground surface has little or 
no general slope, a grade should be established 
between ditches by moving from 0.1 to 0.2 ft. of 
the surface soil from the lower end of the area of 
the upper end, thereby establishing a slight uni
iorm grade between ditches. 

The original installation of this system may be 
.:a little more costly than the bedding system; 
however, it provides for ease in farming opera
tions and fits in well with the use of large farm 
machinery. It is particularly adaptable to farge 
fields as crops can be planted from one end of the 
:field to the other over the ditches, thus providing 
the maximum length of crop rows. Suggestions 
for layout and design are shown in Fig. 4. 

}F'ield ditch system for water. table control and 
surface water removal 
This system (Fig. 5) is somewhat different from 

the other systems in that it serves a dual purpose 
'by providing drainage for surface and sub-surface 
·water, and is generally used on the more per
meable soils. Here the field ditches are laid out 
in regular parallel pattern across the field, but are 
iieeper than the ditches used in the other systems. 
'This deeper ditch provides for lowering high 
water tables sufficiently for crop production, as 
well as providing a channel for removal of sur
face water. This system is used in soils where 
the lowering of the water table is necessary, but 
where the use of tile is not economically or phy
-sically feasible. Some typical soil conditions 
where this system may be used are on peat and 
muck soils where tiling is not applicable, on sands 

·with hiib water table, and on moderately <>r 
highly permeable mineral soils which have a high 
water table. 

s (Q) 104'7-'2 

9 

The ditches are laid out parallel across the lield 
at ~epth a~d spac!~gs which are governed by the 
vanou~ so1l cond1t10ns. Minimum specifications 
for thiS system of surface drainage and water 
t~ble control, based primarily on field obsel va
twns a~:~d experience, are shown in Fig. 5. 

~ue to the depth and use of the field ditches in 
this system of drainage, it is seldom advisable to 
provide a ~itch section that can be crossed with 
farm _machmery. The excavated material from 
the ditch should be used to fill depressional areas 
between the ditches or spread sufficiently to allow 
the area ne~t to t~e d!tch to be used for turn rows 
or to permit cultivation. Farming operations in 
most cases should be parallel with the ditches. 
Crop rows, deadfurrows, and plow furrows should 
be intercepted in shallow ditches and directed 
into the field ditches through protected overfalls. 
On the less permeable soils that are covered with 
minor depressions and pockets, land smoothing 
between the ditches will improve surface drain
age. 

Field ditches· for surface drainage 

An important part of any surface drainage 
system is the field ditch that must carry away the 
excess surface water. It is important to select 
and install the type and size of ditch best suited 
t~ the prob~em area. There are two types of field 
ditches wh1ch are commonly used in connection 
with surface drainage. They are the "single 
ditch", and the "double ditch", some times called 
W ditch or twin ditches. 

The single ditch should be used when the ex
cavated material is needed and can be placed in 
depressions adjacent to the ditch or where 
placement of the spoil on one side of the ditch 
will not interfere or obstruct surface-water flow 
into the ditch. When the excavated material 
from the ditch is used to fill field depressions, 
some type of earth-moving eyuipment such as 
_scraper, carry-all or bulldozer is generally re
quired. In this case, the excavated material 
provides two things; first, ditch capacity and 
second, fill material for depression areas. Tb~ 
plow can be used in constructing thP single 
ditch if the soil on either s1de of the ditch 
will not obstruct surface flow, or lf it can 
be levelled out in such a manner as to provide 
free drainage to the ditch. 

The double or W ciitcl> i; actually two parallel 
ditches spaced a short distance apart with the 
excavated material placed between the ditches 
In this way surface water can enter the doubl~ 
ditch from each side without being obstructed. 
It is particularly adaptable to plow construction. 
This ditch has application (1) where the land 

.drains toward the ditch from both sides, (2) 
where the land is very flat and row drainage 
enters from both sides, and (3) where excavated 
material will not be needed for filling depres
sions. The ditch can be farmed across or the 
area between the ditches planted to some other 
field crops or maintained as a hay strip. The 
crown between the two ditches can also be used 
as a field road. The channels of the two ditches 



should be about 30 ft. apart as a mmimum for a 
channel about 9 in. deep. As the depth of chan
nel increases the width between ditches should 
be increased so that a side slope of about ll: 1 or 
flatter can be maintained. 

Land smoothing.-Land smoothing or grading 
has been suggested or recommended for each of 
the different types of surface-drainage systems. 
All indications are that with proper use it will 
become one of the important factors in completely 
successful surface drainage in the tight-soil 
areas. 

Most of the tight soils are covered with depres
sions varying in size from small to large and in 
depth from almost nothing to a foot or more. In 
order to keep surface water moving, it becomes 
necessary to ditch out these areas or fill them. It 
is evident that it is impossible and impracticable 
to ditch out all of the depressions. The larger 
depressions, both as to size and depth, should be 
ditched out. This generally leaves many one 
and two-inch pockets which will collect and hold 
water for long periods after rains, thereby slow
ing up farming operations on the entire field and 
reducing or eliminating crop stands and yields, in 
those depression areas. Therefore, the logical 
solution appears to be the ditching out of larger 
depressions and filling the minor depression by 
land smoothing. · 

It is recommended that this land preparation 
wor~ be spread over a two-year period or done in 
two operations the same year. First, roughly grade 
the area by eye, filling the larger . depress10ns 
with a bulldozer or a scraper; then operate a land 
leveller or plane over the entire area, which will 
fill many of the minor depressions. The leveller 
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should be run over the areas from two to four 
times dejaeAding upon the roughness of the land. 
It should be operated across the area and then 
diagonally both ways. 

After this is done a topographical survey may 
be needed to select and plan in the type of sur
face-drainage system best fitted for the field; 
then the field ditches should be located and con
structed. Grade stakes should be set where 
additional levelling work is needed, and requir
ed cut or fill should be marked on the stakes. 
The cuts over 1/10 ft. should then be made with 
a bulldozer or scraper carrying this cut nate
rial to the fill area. After :this has been accomp
lished, the area should then be finished with a 
land leveller or plane. It is not necessary that 
grading work be carried to a point of obtaining a 
uniform slope over long distances. The primary I 
purpose is to grade the field so it will drain, filling ( 
in the depressions and removing the humps. 
Therefore, the slope should be broken whenever 
it will lessen the amount of earth to be moved. 

Land smoothing will add an additional cost to 
any surface-drainage system, but all indications 
are that increased crop yields resulting from the 
elimination of the sm<ill depressions will pay 
the cost of smoothing in a. relatively short time. 

For any drainage system, outside catchment is 
required to be ascertained accurately and pro
vision of a divertion ditch to cut off the upper 
runoff, is the essential step in the design. · The 
method for maximum flood flow determination 
for designing divertion ditches and the mono
graphs for cross sections of the <hvertion dit
ches and also for laterals ate given in the 
following pages. 



Chapter III 

M,AXIMUM FLOOD FLOW DETERMINA710N FOR DESIGNING OF DIVERSION DITCHES 

There are a· number of formulae and methods 
for calculating the ma:.dmurn rate of run
off from a given watershed, most of which 
are applicable to specific localities and to con
ditions peculiar to such localities; however, we 
may consider only one method which is most 
commonly adopted. 

Rational Method: 

The formula is, Q=CIA, where Q=Rate of 
runoff in cubjcfeet per second 

A=Drainage area in acres; 
C=Runoff coefficient 
representing the ratio 

of r~off to rainfall; 
!=Maximum average rate of 

rainfall in inches per hour 
over the entire drainage area 
which may occur during 
the time of concentration. 

The reason why acres multiplied by inches 
per hour in the formula gives answer in cubic 
feet per second is : 

1 
Q = Cx -- - x A x 43560 (sq, fl. one acre) 

S6CO (,.c. in hr.) 1 12 (In) 

For practical purposes the factor 3600 x 12 is 
supposed to cancel the number 43560 leaving the 
formula as stated above. The runoff coefficient 
(C) must necessarily vary as the intensity 
varies; but because of the number of other 
factors also affecting it, intensity changes cat:l 
usually be ignored. The coefficient will vary 
considerably depending on the characteristic of 
the watershed. The soil type, condition of soil 
vegetative cover, degree of slope and surface 
detention are major factors affecting the selec
tion of a co-efficient. To estimate (C), a care
ful evaluation of the physical features of the 
drainage area must be made. 

Recommended values of (C) are given in the 
table below~ 

Buooft oharaatedstl:a 

1 

Oo-etDoieot9 
of runoff 

2 

Low (l'imber rolling 5 to 10 percent .20 JlO 
slope). 

Moderate, average between Low and .30 .40 
Normal Pasture rolling 5 to 10 per-
cent slope) 

Normal (Pasture hilly 10 to 30 per- .40 . 50 
cent slope) 

High (Cultivated rolling 5 to 10 per- .50 .65 
cent slope) 

Extreme (Cultivated biJiy 10 to 30 .65 .80 
percent slope) 

S (Ql 1047-2-a 
Jl 

Proper allowance should be made for !'hanges 
in vegetative cover brought about by droughts, 
forest fires, alterations in land use, or in other 
ways. 

Time of Concentration.-In order to determine 
the maximum average rate of rainfall (I), for a 
given; drainage area, the time of, concentration 
for the area must be computed. Time of con
centration of given catchment area is the length 
of time as storm must continue to permit run
off to flow over the ground surface,. without un
reasonable delay, from each increment of area 
to the outlet. A storm of maximum intensity 
for a specific frequency continuing long enough 
to accomplish this will produce the maximum 
flood, for, in that period the maximum runoff 
from each increment of area will reach the out
let simultaneously. It is apparent that the 
time of concentration would be much less for 
range land heavily over grazed than for the same 
area before it had been over grazed and denued 
of its cover of heavy grass and deep sod; like
v,ise it would be less in years of severe drought 
than years of normal rainfall. Each area de
mands separate study because each has its indi
vidual set of variables and hence its individual 
problems. Experience coupled with judgment will 
enable the designer to make a close estimate of 
the average velocity of flow that will pertain to 
the main channel. 

A reasonable estimate of the time of concen
tration can be obtained by dividing the distance 
from the most remote limit to the outlet of the 
area by the average velocity selected. 

The velocities tabulated in table given below 
are recommended for use in determining the 
time of concentration, under conditions, where 
the main water ways are broad and flat and not 

/ gullied to any great extent. 
Recommended Aver·age Velocities for use in 

determining time of concentration. 

Average &lope of the chnnuel extending 
from the fartbt~Pt poJnt of the water• bed 

to outle'• ia rer cent 

I - 2 
:.! - 4 
4- 6 
6- 10 

1 

Velo.!ily iu feet. 
per aecond 

2.0 
3.0 
4.0 
5.0 

(SouRCP..: Rarurao, M. B. V- 'Soil VOillervation 
in l11dia' I. L. A. H.) 

The U. S. D. A. has published a bulletin, Miscel
laneous Publication 204 entitled 'Rainfall In
tensity-Frequency Data.' It contains a number 
of charts showing the maximum precipitation that 
may be expected to occur in period of five minu
tes to 24 hours with average frequencies of 2 to 
100 years. 



In case the bulletin is not available, the fol
lowing table and chart Fig. 6 is useful for calcu
lating the time of concentration of runoff from 
small watersheds. 

TABLE 5 

Time of concentration for small watersheds 

Time of ooncentrdion in mia•tes Maximum ----------len~lh Watershed Gra·llent In per cent 
of flow, It 

0-06 Col 0-6 1-0 ~-n 5-0 

1 2 8 i 6 6 7 

501) 18 13 7 6 4 3 
1000 30 23 11 9 7 5 
2000 51 39 20 16 12 9 
(000 85 66 33 27 21 15 
6000 119 91 46 37 2J 20 
8000 149 114 57 47 36 25 

10000 175 134 67 55 42 ao 
20000 306 234 117 97 74 52 

,souRCE: Raoorao "Soil Conservation in India" 
I. C. A. R.) 

Table given below provides estinlates of the 
value C, (Ratio of the peak runoff rate to t_he 
rainfall intensity and is dimentionless), for diff
erent toppgraphic, soil, and cover conditions. 

TABLE 6 

Runoff coefficients 

· Value• of 0 in Q=OlA 
TopOgraphy and vegetdion ____ &iJte~----

1 

Woodllmd-
Flat 0-6 per ceat ol pe ••• 

Rolling 6-10 per OODI 
a!ope. 
Hilly 10.80 -p!r oea • 

a! ope. 

Pasture

Flat 

Railing 

Hilly 

Cultivated

Flat 

Rolliog 

Hilly 

Open sandy Olay aDd alit Tight clay 
loam loam 

2 8 

0-10 o.so 
0-26 o.s5 

0-80 0-50 

0-10 O·SO 

0-16 0·86 

0.21 0-42 

o.so 0-60 

0-iO 0-60 

0·6il 0-72 

. t 

o.eo 

0-iO 

0-56 

0-60 

o.so 
0·70 

0-8~ 

Urban areae • • BO per ee.nt riO per cent 'lO per cent 
ot o.rea 

impenicus 
01 area Ol area. 

impervicus impervious 

O·iO 0-55 

0-50 0 6~ 
0-65 
0-60 

From the charts in bulletin 204, U. S. D. A. als~
either direct or by interpolation, can be obtained 
the depth of rainfall for a period equal to the· 
tinle of concentration for the largest storm of any 
specific rainfall frequency period. The depth of· 
rainfall is converted into inches per hour by 
dividing by the time of concentration and multi-
plying the quotient by 60. The resultant figure· 
is the letter (I) in the formula · 
1 per hr.= Depth of rainfall in inches from the Chart x 60. 

T1me of concentration in minutes. 

. To illustrate the use of the aforesaid principles, 
the solutio,:~, of hypothetical problem is given. 
below:-

The drainage area has the eharacteristics-

1. Topography Rolling (slope 5 per cent} 
2. Sci! typ~ Loan. 
H. Vegetal co,-er Fair to gcod grassland., 

but slightly over
('razed. 

4. Leugth of d1aina~;e 2, 1;4 miles 
at ea. 

5. Average width dra.i- l/3 nt1le 
nage ar«a ... 

6. Aver age slope of 1.5% 
Maio channel. 

7. Size of drainage 0. 75 sq. mile 
area. 

=480 acred 

The data as ~ta_ted above after comparing the 
relevant descnptwn from the table" of coeffi- · 
cient of runoff page 39, the latter is determin
ed as 0.4. The first step is to figure out the time 
of concentration. The distance from the remo
test point required to be travelled by the run-· 
off is 2! miles-say 12000 feet. A studv :.>f the 
area indicates that the average velocity of flow 
in the main channel is about 2 feet per second. 
The tinle of concentratiop, for the area is then 

12000 
2 feet per sec. + 60 sec .. = 100 minutE's. 

Referring to the rainfall intensity chart 5, 
"one hour rainfall in 25 year frequency" it is. 
noticed that the 1.8 inch isohytal represents the 1 
hour frequency and 2.3 inch isohytal represents- • 
the 2 hours frequency. The ·rainfall for a 100> 
minutes period would thus be about 2.1 inches_ 
The intensity is: 

2.1 x 60 = 1.26 inches per hour. 
"TOO 
This rate is the letter (l) in the formula, 

Q=CIA. 

Substituting, 
Q=.4xl.26x480=242 cubic feet per sec. 

The capacity of the spilway must theref0re., 
be at least 242 cubic feet per second if the 
earthen dam is to be protected against the largest. 

SouRcE: U. S. Soil Conservation Service, Engineer-
1.na Hand-~ook for Farm Planners. Upper Mississippi 
Va_lle~ Reg10n III Agv. Hand-book 57 U. S. Government 
Prmtmg Office, 1953). 



storm that would occur in this drainage arta on 
an average of once in 25 years. It is needless to 
stress the importance of correctly evaluating the 
factors that are functions of maximum runoff if 

- ' the results of calculations are to be of any value. 
To illustrate, another example is given below. 

This pertains to another area identical in every 
respect to that considered in the first case dealt 
about, except jn the shape of the area, which is 
assumed to be fanshaped. 

Its size is the same -3 sq. mile; but the great
est distance travelled by a drop of water is 6000 
ft. instead of 12000 feet. Thus the time of con
centration would be 50 minutes instead of 100 
minutes, and the greatest rainfall in 50 minutes 
for a 25 years frequency is shown by the chart 
to be about 1. 7 inches. This rainfall would have 
on an average rate per hour of 2.04 inches, for the 
fanshaped area in comparison to 1.26 inches for. 
the long, narrow area. Applying this value to 
the rate of 392 cubic feet per second is contrasted 
to 242 cubic feet per second is obtained. 

The following example ·illustrates how the 
factor slope of the main channel may be treated 
where there is a considerable variation in shape 
throughout its length. 

The characteristics of the drainage area are-
Topography Hilly, 20 per cent 
Soil ... Sandy to loamy. 
Cover 8() per cent culti-

Length of main channPI 
Average slope 

Aver~ slope 

vated 
2600 ft. 
Upper area 105U ft. 

carryin"g 4.0 per 
cent slope, Ave. 
velocity table, 
=3.0 

Lower area 1550 ft. 
carrylflg 2.0 
percPnt slope. 
Ave. velocity 
table=2 0 

J) rai nage area 117 acres 

Base design on 25 years frequency. 
The area is hilly and largdy under cultivation 

thus the ru;uoff producing characteristics would 
fall in the category High. The coefficient select
ed from the table is 0.55. 

1050 ft • ..;- 3.0 X 60 = 5.84 mini. 
1550 ft . ..;- 2.0 X 60 = 12.90 min 

Total 18.74 min 

Referring to the 'Rainfall Intensity charts' the 
15 minute isohytal gives a. total rainfall of 1.50 
inches and. 30 minutes isohytal gives a total 
rainfall of 2.25 inches. Interpolating, the total 
rainfall for the 18.74 minutes interval is noticed 

Th . t• "t . 1•70 60 to be 1.70 inches. e m ens1 Y JS 18.7' x = 

5.45·inches per hour. 
The peak for the area based on a 25 year fre

quency is: Q=0.55x5.45xl17=351 c. f. s. 
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The spillway structure must provide for a dis
charge capacity of 351 c. f. s. 

The above said method of estimating the total 
ru!l?ff for any watershed will be of practical 
uti!hty_ for. designing drainage system, dams 
and dJVersJOn channels. For all earthen con
structions ra~nfall ~requency for a period of 15 
to 25 y~ars 1s consi?ered adequate according to 
the estimated effective period of the proposed 
construction. 

Thus by the use of the rational method the 
~off of a ~ven. watersheds from the highest 
pomt from ndge· to the outfall-end can be 
very accurately computed. 

TABLE 7 

Statement showing sections of Laterals 
for 1 to 20 acres catchment (Please 

see Fig. 7) 

Sr. Water- Carrying J.rea ot 
'l!o~ 

not. 
Deplb Volo. 

No, abed area capacity the .eo. tom olty 
' ticn 

1 ~ 8 ' 8 6 7 8 

acres CUIECB Bq.lt. 
1 0 to 8 I6 6·6 6' 1· 5' I·b •a• tsoa 
~ 9 to 15. ~7 9 7-6' 1-6' ~· 8' /100. 
ij 15 to20 40 I8.1 8.6' }.:;' 2·6' 8' J•eo 

Note.-Sections are designed by Manning's For
mula. 

=~ x R?/Ssi 
D 

V {Velocity) 

Wbere R = Hydrolio mean depth Wetted AP:imete 

- Bed slope wblch 1b0Uid be from 0·51 to 0·6 
accordinl to eoll type. 

Sr. 

B 

N ... Coe!llcienl of rugosity; · 

TABLE 8 

Statement showing sections of diversion or 
main drains for watershed area from 20 

acres to 100 acres (Please see Fig. 8) 

Water· Carry• DR Groat 

" .. shed capacity rectional Top 
Bcttom Deptb Yclo-.... CUSt'CS 

aores 
area aq. ciLJ 

1 ~ 8 4 8 6 7 s 

20 40 20-IO 1 1·20 2·~0 B Sf 
2 so 60 ~O.IO 11·20 2·20 5 .. 
8 40 80 25·70 I8-40 4·40 8 .. 
4 50 100 sa.oo 18·60 6·50 8 " 5 60 120 8~.90 17·60 8-~o 8 .. 
6 70 14) 46.80 20·10 11·10 8 " 7• 80 160 68.40 2~·30 1~-80 a 

" 8 90 180 efi.OO 24·60 I5 50 a 
" 9 ICO 200 67 60 27·00 18·00 B 

-
Not~.~ide slopes have been treated as 1, 11; 

Velocity IS kept constant at 3' /sec. and inten
sity as 2" /hr. (after allowing for absorption 
capacity of soil). 

Plan and location of Tyle system. 
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An accurate contour map, the analytical data 
of Soil-samples together with the description of 
Soil-profiles is very necessary to decide the kind 
of layout, depth of tile lines, mains, subrnains, 
and laterals, of a upderdain (Tile} of a drain
age system. 

Location of Tile-system.-Econorny is obtained 
by using the longest practical laterals and reduc
ing the average length of mains per acre. Practice 
varies with respect to placement of mains and 
Iaterals across the slope. Some designers prefer 
to place laterals in the direction of the greatest 
slope which provide maximum grade for the 
smallest tile. Others prefer to place laterals 
across the slope which will interc~pt a maximum 
of ground water moving down the slope. Where 
the trenches are back filled with more permea
ble material and will admit water more readily · 
it is an advantage to layout laterals and rows . 
where the water flowing in rows will cross late
rals at frequent intervals. This benefit is 01 di
narily obtained by running laterals across the 
slope and rows in the direction of the greatest 
slopes. In the less permeable soils where it is 
necessary for surface water to enter tile; an in
dependent surface drainage system should be con
sidered. The local practice and consideration of 
these various factors will determine the place
ment of laterals with respect to slope. 

In general the system designed with short tile 
mains is the most economical, and in the fur
therence of this aspect in view, earthen tiles or 
boulder drains in accordance with the availabi
lity of material, may be profitably considered for 
being used for the construction of the laterals. _ 
Possibility of surface drains with adequate depth 
and spacings for laterals and field ~itches acc·ord
ing to soil types may also be cons1dered; a good 
combination of surface ditches, country tiles or 
boulder laterals, and tile-mains or subrnains are 
the major consideration for efficient layout of a 
drainage unit. In general a system w1th short 
tile mains is the most economical. 

Type/l of tile drainage systems 

The most common types of tile-drainage sys
tems are as follows. Please see Fig. 9. 

Gridiron or parallel system 

This system consists of parallel laterals located 
perpendicular to the main tile.. It is used on 
flat, regularly shaped fields and :uniform type of 
soil. Variation of the system are oiten used with 
other patterns. 

lfarringbons system· 

It consists of parallel laterals that enter the 
main at an angle usually from both sides of the 
main. This system is used where the •.nain or 
sub-main lies in a narrow depression. It may also 
be used where the main is located on the major 
slope and the lateral grade is obtained by angl
ing the lateral upstream. _This pattern is us~d 
with other patterns in laymg out a cornpos1te 
__ .,_..,..., ...... ,... .... .,.YY\,.11 nr iT"rP0'111Rr areaS. 

Double-main-system 

This system is a modification of the gridiron or 
harringbope systems and is applicable where a 
depression which is frequently a natural water 
course, divides the field where the tile line is to
be installed. Some-times the depressional £~rea 
may be wet because of seepage corning from 
higher ground. Placing a main on each side of" 
the depression serves a dual purpose. It inter-· 
cepts seepage water and provides an outlet for 
the laterals. If the depression has depth and is 
unusually wide and only one main is used in. 
the centre, a brake in grade line in each lateral. 
may be necessary before they reach the main. A. 
main on each side of the depression permits a 
more uniform lateral gradeline. 

Random system 

A random system of Tile is used where the
topography is undulating or ·rolling and contains. 
isolated wet areas. The main tile for efficiency 
is usually placed in the swales rather than in 
deep cuts through ridges. If the individual wet 
areas are large, the arrangernept of bubrnains. 
and laterals for each area may utilise the gridi
ron or Herringbone-tile-pattern to provide the 
required drainage. 

Interception system 

This system usually· intercepts seepage water 
that follows the upper surface of an impervious. 
subsoil strata and removes the excess moisture in 
the wet areas that result from seepage. Proper 
location of. the interception tile is very impor
tant. The seepage is located by soil boring or by· 
trenching. The tile line usually should be placed 
at about the upper boundary of the wet area ami 
across the boundary of seepage travel (Fiq. 10)_ 
Interception drains are also used in areas of high 
water table, where the slope of the hydraulic
gradient is 0.5 per cent or more, and where per
vious layers are at a considerable depth below 
the normal-tile. Vertical relief wells may be in
stalled at intervals from the intercepting tile
into the pervious soil below the tile to permit: 
the water in the pervious soil to rise to the tile
line (Fig. 10). Relief wells in interception lines
serve the same purpose as relief wells installed 
for artisian flow. 

Tile Depth and Spacing.-When a system of" 
parallel laterals is used, the spacing between the 
laterals should vary according to soil texture, 
permeability, permissible depth, and depth to 
barrier. Tile spacing generally used in the· 
various soil types is the result of the experience 
gained from actual installations. The generar . 
range for tile spacing, as has been determined 
from experience, follows: 

Soil p .. rmubntty 

Slow 
Moderately slow to 

moderate 
Moderately rapid to 

r~nirl 

Spacing 

30-70 feet apart 
60-100 feet apart 

100-300 feet apart 



·In many areas the depth and spacing of drain
-tile is determined by observing crop conditions. 
.If the tile is spaced too far apart; 1etarded 
_growth and reduced crop yields in areas far
thest from tile lines indicate damage to crops. 
Uniformly good crop stands are obtained by 

. spacing tile closer together. Wet soil and vege
tatio~ that thrives in wet areas, usually indi

-cate poorly drained areas of fields. Observations 
.and a study of crop yields for a long period is 
the best available basic data on the proper 
-depth and spacing in the humid areas. Often it 
becomes desirable to determine the depth and 
-spacing by measuring the permeability or other 
~aracteristics of the soil. Usually the per
meability varies greatly with depth and strati-
1ication. 

The depth that holds the ground water at the 
best level for crop production i. e. beyond the 
:root zone of the crops to be grown is the correct 
-depth of the tile drains. 

The depth of the drain is related to the spac
ing of the lateral drains. In general, lateral spac-

. ings may be i.11creased as the depth of the drains· 
:increases. The depth and spacing of drains re
·quired to give the desired depth of water tr.ble 
.are influenced by the tightness of the soil, 
amount and frequency of rainfall, seepage, ca
pallary movement, and topography. In open 
soils, the rate of water movement mcreases with 
the depth of the drain, but in tight soils the re
verse is true. In very sap,dy soils, capillary 
action upward is limited and depths should not 
be greater than 4 feet. 

In general, the water-table depth is about 2 
to 3 feet. This requires that the drain be placed 
not less than 3 and 4 feet. 

The minimum depth of. cover over the tile is 
influenced by the severity of frost action and 
impact loads from tractor and farm equipment. 

The following recommendatiol}s are a p,eneral 
Sui-de for depth of drains. 

Mineral soils.-Minimum depth of drains 
should be at least 30 inches. Where soils are 
slowly permeable, contain impervious layers of 
soil, sand or large stones, the depth may be re
duced. Sometimes depressional areas, shallow 
<>utlets, and the desire for rapid drain
age of the upper horizon of the soil profile may 
require a reduction in depth. When the depth 
is reduced, there is usually a need for closer 
spacing of the laterals. The minimum cover 
should be 2 feet of soil over the drain. 

Organic soils.-Organic soils should not be 
tiled until after initial subsidence occurs. Sub
-sidence continues after the initial stage and 
averages about 0.10 foot a year due to oxidation 
under cultivation, compaction, shrinkage, and 
wind erosion. Since tile drains should be 
effective at least 10 to 15 years, the depth of 
drains in deep peat and muck should be 4 feet 
or more. Minimum cover in organic soils 
should be 3.0 feet. 
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Depth required for protection.-When it is 
impossible or uneconomical to secure the mini
mum cover previously specified, the draintile 
should be replaced with metal pipe or other 
high strength continuous pipe. Open ditches 
may also be used . 

Design drainage coefficients 

The drainage coefficient is the depth of water 
in inches to be removed in 24 hours from the 
watershed contributing to the tile. This co
efficient may be expressed in inches in 24 hours, 
cubic feet per second per acre, cubic feet per 
square mile. 

Drainage Coefficients for Humid Areas.-For 
use in the humid areas, drainage coefficients vary 
with local conditions. General guides in the 
selection of drainage coefficie.nts follow: 

1. When the land to be drained has a separate 
surface drainage system, either natural or artifi
cial, the following table may be used:-

TABLE 9 

Drainage coefficients without surface 
water inlets 

laches to '"c remcve. in 24 bt.urs . 
Soil ----

Fl•ld crop Truck crops 

1 II 8 
Jn,bea Inchea 

Mineral 3/9-l/2 1/2- 3{4 
Organic 1{2-3{4 1!/4 -1-1/2 

(SouRCE: Drainage National Engineering 
Handbook Section 16 U. S. D. A., Soil Conserva
tion Service). 

2. Where it is necessary to admit surface water 
through surface inlets to the tile system, the 
values in the following table have been used 
successfully in the humid area: 

TABLE 10 

Drainage Coefficients with surface water 
to reach tile system 

Inobea t.o be removed in 24 houri 

ll'leld oropo Trnak oropo 
--

Soli Blind loleta Open Inlets Blind loleta Opn lnlel1 

1 II 8 6 

Inches laches Jncbe1 Jocbes 

Mineral 

Oryanic 

8J8-Sf' 8ft-1 1/i-1 
112-1 8f4-1t a,,_. 

(SOURCE: Drainage 
Handbook Section 16, 
vat!on Service). 

National Engineering 
U. S. D. A. Soil Conser-

3. When high-value crops might be damaged, 
a higher coefficient than those given in the above 
tables may be necessary. 



4. Where no surface water is admitted directly 
to random, single, and seep interceptor tile 
lines, the required size of the tile may be based 
on the estimated inflow rate per 1,000 feet of 
tile. 

Where permeable soils, sand, gravel, and 
springs are reached, the maximum flow .from tile 
often exceeds the values given in the table below. 
It is given as a guide for estimating flows. 

TABLE 11 

Inflow rates for soil textures 

Te:dure 

1 

Coarse sa~ds and gravel 

Sandy loami 

Silt loams 

Clay and clay loams 

Land olope~ 

I ercent 

2-5 

5-12 

1 

mor~ than 12 

Eollmated lnf!ow'ratea per 
1000 r .. , of Une 

.... 

c. f. s. 

y 0.15-1.0 

.07- .25 . 

.04- .10 

.0:2- .2 

Estimated inflow rate 
![ increases 

I 

Percent 

10 

20 

so 

lf Some gravels may discharge as much as 10 
- c. f. s. per 1,000 feet. 

2 I For interceptor-tile lines on sloping land. 
(SoURcE: Drainage· National Engineering 

Handbook Section 16, U. S. D. A. Soil Conserva
tion Section). 

Tile Sizes.-After the coefficient has been se
lected, the drainage area determined, and the 
grade known, the size of the required tile may 
be determined from the tile drainage chart (Fig. 
11). 
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Minimum Tile size.-Four inch tile is the 
smallest tile in general use. The problem· of 
maintaining an accurate grade and alignment and 
the possibility of unavoidable settlement en
courage the use of larger tile to procure longer 
useful life of tile systems. The following are 
the guide lines for selecting the minimum si:.e 
of tile. 

1. Four or five inch tile may be used i:h mi
neral soils containing small amounts of sand or 
fine silt and where good align,ment and uniform 
grade can be obtained. 

2. The minimum size for tile lines with sur
face inlets and in unstable soils, such as peat, 
muck and sands or noncohesive soils should be 
determined on the basis of experience and site 
conditions. · 

Other methods.-Open drains are made appli
cable in soils unsuited for tile lines-such as 
sandy, silty, organic or alluvial or ·those .v..ith 
low fertility. They may be. used on very fiat 
gradient where the permissible depth of the out
let is not adequate to permit the installation of 
tile at the minimum required grade. 

Open surface drains are best adapted to large, 
fiat fields where lack of grade or outlet, soil 
characteristics, or economics do not favour · tile 
drainage. · · 

The spacing of these drains is usual.y close and / 
the lengths of the interterrace lands between 
them must be sufficient say 1000 feet. The drains 
in most cases should be placed in the direction of 
the prevailing slope. The depths may range upto 
6' but more generally between· 3 . to 4 feet in 
humid area. For general crops, spacings in soil 
moderately slow to moderately rapid permeabi
lity range usually from 200 to 600 feet; special 
crops require closer spacings. 
I • 

TABLE 12 

Range of dimensions of field ditches for 
water table contr.ol !f 

Boll Depth Bottom Side elopes Spacing 
width 

1 g 9 4 5 

Feet Feet Feet 

Sard 2 ·' S-t 1:1 200.500 

Sih !oams; except U-4.0 1-8 i:1 to 2:1 100.800 
E&nd. 

Stnble 01ay & g,S-5.0 1-8 i:1 to 1i:1 100·80 
Joams. 

Or&anio soils g -5.2 1-8 V erticol to 2:1 60·200 

J.l For gE!IJ,eral field crops only. 

2/. Minimum 6-inch cushion of organic soil 
- should remain in the bottom of the 

trench when organic soils overlay 
impervious material such as clay. 

(SouRcE: Drainage, National Engineering 
Handbook Section 16, U. S. D. A., Soil Conser-
vation Service). · · 

Mechanical or vegetative protection should l:-e 
provided where surface water enters the opel\ 
ditch. 

Special quality concrete drain tile are for 
land drainage of soils that are more acidic or 
contain higher quantities of sulphates. 'Ihese 
are to be manufactured on special orders to 
meet the requirements, and specifications of the. 
user based on site conditions. 



TABLE 13 

Guide for use of concrete tile in acid 
sulphates soils 

Aero SoiLs 

Lower permbsible limits 
ot pH valnes ~/ 01""" of til• ASTM 

1..412-58 T !J ----------
1 

Standard quality 
;,. xtra q uahty 
Special quality . 

Org!'riio and 1\Jectium and heiiovy 
saody ao1l9 teztured •oils 

i s 

6.6 
6.0 

8/ 6.5 

6.0 
5.5 
5.0 

SULPHATE SoiLs 

£fernlLs~ibJe ma:timum limit 
of snlpbatee (Na or Ng) 
singly or in oombinasion ~ 

1 

(Faits per mtlhonJ 

7,000 

_;:1,000 

1,000 

ASTll! of ttle and cement 

~ 

'Special quality, type V or 
type l'FcFii:ient '6/ 

Extra q uahty, "t:}'pe V or 
type U cement 6/ 

Stai:iaara quality, any 
type llllment. 

(1) 'Where ·manufacturer or seller desires 'to 
furnish tile of a class which fails to quality 
under limits shown in this table, he will be l'e
quired to furnish proof that tile recommended 
will give satisfactory service life. 

(2) Figures given represent lowest readings 
of pH values for soil water or· soil at tile depth. 
Values to be confirmed by additional tests_ 
where desirable. 

(3) Obtain high strength, low absorption tile 
where available. See Minn. Agr. Expt. Sta., 
Bul. 426, Making Durable Concrete Draintile, P. W. 
Manson and D. G. Miller. 

(4) Highest reading of sulphates for so~ or 
soil water at tile depth. Values to be confirm
ed by additiop,al tests where desirable. 

(5) ASTM specifications C412-58T and Cl50-55. 
Where manufacturer or seller desires to furnish 
tile or cement of a class which fails to qualify 
under limits shown in this table he will be re
quired to furnish proof t~at t_ile recommended 
will give satisfactory servxce life. 

(6) Type II cemen~ to be of high sulphate re
sistance. The calculate tricalcium aluminate 

C8A compound of the cement should be less 
than 5.5 per cent. 

(Source: -Drainage National ~ngineering 
Handbook Section 16 U. S. D. A. S01l Conserva
tion Service.) 

s (Q) 1047-3 

17 
Design alignments 

The basic principles in obtaining good align
ment are to lay long, straight laterals and re
duce curves to the minimum Changes in hori
zontal direction should be made so that the 
specified grade is maintained, the flow of water 
is not impeded by excessive roughness, and the 
joint spacing on the outside of the curve is in 
accordance with the recommendations for tile 
placement. 

A change in horizontal direction may be made 
by one of the following methods:-

(1) By using manufactured fittings, such as 
T-, Y-bends, etc. 

(2) By usiJJg junction Boxes or Manholes. 

(3) By uSing a gradual curve of the tile 
trench that the trenching machine can dig 
and maintain grade. 

t 4) By shaping the inner side of the curve 
and chipping the tile. Broken pieces of 
tile should be used to cover openings that 
occur. 

If connections are not available at the junc
tion, chip and carefully fit the pipes and seal 
with stiff mortar cement. 

Filter materials and installation.-The filter 
material is placed around the tile to prevent 
sediment entry into the tile-lirie, a1:1d at the 
same time allow ·wafer entry more freely. In 
most of 'ih-e humid areas top..soil or pen'neable 
material from the sides ·of the wench is >placed 
aiound the tile, which "'serves the only filter 
material. J oiilts are covered with tarimpreg
nated rooting paper, glass-fiber-filter, plastic 
guards, burlap etc. 

Joint covering is usually laid around the up
per two-thirds of the tile to pr<>vent sediment 
entry in tile lines. The most effective filter 

· -nnrterial is well graded gravel material. The 
design of gravel filter mixes are described 
below. Materials such as hay, straw, .~awdust, 
wood chips, and corn-cobs are used on many 
installations. These are generally effective but 
for an indeterminate period. Observations of 
systems installed in organic soil, indicated that 
straw remained effective 6 to 11 years, wood 
chips were only slightly decayed after 9 years in 
the ground. Availability of filter material, its 
cost, and local experience usually determine the 
type of filter material that can be used suc
cessfully. 

Gravel filters of pit run or graded material a;e 
extensively used in tile installations in the ar~d 
regions. They have been used in the hum1d 
areas also. where site conditions warranted the 
added cost. 

The filter material should be more pervious 
than the base soil, so that hydraulic pressure 
will not build up. The voids between the filte_r 
particles must be small enough to prevent s01l 
particles from entering the tile through the fil-



ter material. Clogging of the filter or exceD~,ve 
settlement due to soil movement may occur if 
the voids in the filter material are too large. The 
minimum thickness of filter material placed 
ground the tile should be 3 in;ches. 

Construction 
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Setting Grade Stakes and Targets.-If the tar
get method is used, grade stakes should be set 
at 100-feet intervals or less. Always h1!ve at 
least three targets set to avoid errors. Grade
stake lines usually are offset from 2 to 4 feet 
from the centerline of the tile out of the way of 
construction. · · 

Grade stakes should be set every 50 feet if 
tilling is to be done from a · strin_g line. If 
string is used, a weight should be tied to e~ch 
end and hung over the support so that the strmg 
is tight at all times. 

Excavating Trench.-Digging of the trench 
should start at the outlet end proceed upgrade. 
The alignment of the trench sho_uld ~e such 
that the tile can be laid in straight lmes or 
smooth curves. The trench width measured at 
the top of the tile should be about equal to the 
outside diameter of the tile, plus about 0.5 foot. 
This clearance between the tile and the ~ides of 
the trench is necessary for proper beddmg and 
blinding of the tile." , ~t is very important that 
the bottom of the trench be cut accurately to 
grade and shape. If the. trench is cut bel?w 
grade at any ,place, it should be backfille~ w1th 
either graded gravel or well pulverised. sml :md 
tamped sufficiently to provide a firm foundation. 
The bottom of the trench is then recut to gr11de. 
and shape. 

Bed of tile 

The bottom of the trench snould be rounded 
so that the tile will be embedded in undisturb
ed soil for at least 60° of its circumference. Tile 
trenching machines shape the bottom of the 
trench as a part of trenching operations. 

Laying tile 

(1) Joint spacing.-Laying the tile should 
begin at the lower end of the line and progress 
upgrade. If a tile does not aline properly 
against the one previously laid, turn it until it 
fits correctly. The spacing between tile should 
be varied according to soil conditions. Silt and 
sandy soils require a tight fit. The gap should 
be about 1/8-inch for loam soils. The minimum 
for clay is 1/8-inch; ·however, local experience 

. may indicate a wider spacing on some heavy 
soils. Peat and muck soils require 1/4 to 3/8-
inch spacing. Where large gaps occur oetween 
tile, as on the outer side of a curve, cover the 
joints by broken tile or by another similar 
device. 

When gravel filters are to be used, allow addi
tional depth in the trench. Place filter material 
in the bottom of the trench, place the tile, and 
place the filter around the tile. _ 

(2) Sand.-3pecial · construction methods 
should be used· when tile are laid through un
stable pockets of soil such as saturated fine 
sand. Depending on the seriousness of the Con
dition place. stable soil, coarse hay or straw, 
tough sod, crushed limestone or gravel in the 
bottom of the trench before laying the tile, or 
use a board'cradle. Where cradling is done, use 
the rail and cleat method. In this· method short 
boards (cleats) are nailed across a' longer boardi 
(rail) to provide a ·greater bearing area '\.\"hell 
the board is 'used as a cradle. 
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Chapter IV 

SALINE ALK,ALI SOILS 

The diagnosis and treatment of saline and 
alkali so!ls. is a problem in soil chemistry, but 
because 1t IS so frequently associated with a•·eas 
needing drainage, especially in the arid and semi
art~ regioJ:J,s, it is necessary for the drainage 
en~neer t~ ~ecome familiar with Diagnosis. A 
bnef descnption on the subject follows: 

Jhese soils are grouped into 3 groups: -

V (1) Sa~ine soils.-Soils for which the con
ductivity of the saturation extract is more than 4 
m~os/cm. at 25'<? and the exchangeable
sodiUm l?ercentage 1s less than 15; ordinarily 
the pH 1s less than 8.5. When adequate drain
age is established, the excess soluble salts may 
be removed by leaching and they again beco::ne 
:n.ormal-soils. 

lr GSaline soi~s are. often recog. nised by the pre-\\ 
\sence of w h1te crusts of salts on the surface. 
~oil salinity· may ·occur in soils having dis
tmctly, developed profile characteristics or in 
indifferentiated soil material such as alluvium. 
The chemical characteristics of soils classed as 
saline are mainly determined by the kinds and 
amounts of salts present. The amount of solu
ble salts prese:n.t controls the osmotic pressure 
of the soil· solution. 'Sodh,1m seldom comprises 
more than half of the soluble cations and hence 
is not absorbed to any significant extent. The 
chief anions are chlorides, sulphates and some 
times nitrates. Small amounts of bicarbonates 
may occur, but soluble carbonates are almost 
invariably absent. In addition to the readily 
soluble salts, saline soils may contain salts of 
low .solubility, such as calcium sulphates 
(Gypsum) and calcium and magnesium carbo
nates (lime). 

Owing to the presence of excess salts and the 
absence of significant amounts of exchangeable 
sodium, saline soils are generally flocculated; 
.and as a consequence, the permeability is equal 
to or higher than that of similar non-saline 
soils. 

@saline alkali soils.-The co~ductivity_ of_ t~e 
"Saturation extract of the salme alkah smls 1s 
.greater than 4 mmhos/cm. at 25'C .. and the ex
-changeable sodium percentage is greater than 15. 
These soils form as a result of the combined pro
.cesses of salinization and alkalinisation. As longl 
as excess salts are present, the appearance and 
properties of these soils are generally similar to 
those of saline soils. Under conditions of ex
cess salts, the pH readings are seldom higher 
than 8.5 and the particles remain flocculated. If 
the excess soluble salts are leached downward, 
the properties of the~e soils may change mar~e
bly and become simtlar to th?se of non-saln;e 
alkali soils. As the concentratiOn of the salts m 
the soil solution is lower some of the exchange
able sodium hydrolyzes and forms sodium hydro
xide. This may change to sodium carbonate up
on reaction with carbon-dioxide absorbed from 

the at~osphere. In any event, upon leaching, 
the ~oil may become strongly alkaline (pH 
readm~ above 8.5), the particles disperse, and 
the so1l becomes unfavourable for the entry and 
movement of water and for tillage. The 
management of SaliJ:J,e-Alkali-Soils present a 
great problem until the excess salts and exchan
geable sodium are removed from the root zone 
and a favourable physical condition of the soil 
is re-established. 

,t;; l Non-Saline-Al~li-Soils.-With these soils the 
\..i;'xchangeable sodium percentage is more than 15 

and the conductivity of the saturation extract is 
less than 4 mmhos/cm at 25'C. The pH read
jngs usually range betwee!l 8.5 to 10. 'Ihese 
soils, are called Black-Alkali due to appearance 
on surface, as against White-Alkali-associated 
with white incrustation of sulphates in saline 
soils. They (Black-Alkali) frequently occur in 
semiarid and arid regions, in small ' irre~ular 
areas which are often referred to as "~Hick
spots". Except when gypsum is present in the 
soil or tne Irrigation water, the drainage and 
leaching of saline alkali soils leads to the for
mation of non-saline alkali soils. The removal 
of excess salts in such soils tends to increase a 
rise .in pH of the soil.. Dispersed and dissolved 
organic matter present in the soil solution of 
highly alkaline soils may be deposited on the soil 
surface, by evaporation, thus causing darkening 
and giving rise to the term "Black Alkali". If 
allowed <>ufficlient time--non-saline-a 1kali soils 
develop characteristics morphological features. 
Because partially sodium saturated clay is highly 
dispersed, it may be transported· downwards 
through the soil and accumulate in lower levels. 
As a result, a few inches of the surface soil may 
be relatively coarse in texture and friable; but 
below, where the clay accumulates, the soil may 
develop a dense layer of low permeability that 
may have a columner or prismatic structure . 
Commonly, however, alkali conditions develop 
in such soils as a result of irrigation. In such 
cases sufficient time usually has not elapr;ed for 
the development of the typical columne1· struc
ture, but the soil has low permeability and is 
very difficult to till. The exchangeable sodium 
present in non-saline alkali soils may have a 
marked influence on the physical and chemical 
properties. As the proportion of exchangeable 
sodium increases, the soil tends to become more 
diopersed. The pH reading may increase. some
times to 10. At the high PH and in the pre
sen~~ of carbonate ions, calcium and magne
sium are precipitated; hence the soil solution 
of non-saline alkali soils usually contain only a 
small amounts of these cations, sodium being 
the predominent one. 

Drainage of saline soils 

Saline soils can usuallv be improved throu!lh 
leaching as the soluble salts Present will go into 
solution and be removed with the drain water. 



In arid and semi-arid regions, it is usually neces
sary to supply irrigation to accomplish this 
leaching. The reclamation of saline soils can 
usually be achieved through some type of leach
ing without the addition of chemical amend
ments. Adequate sub-surface . drainage is, 
off course, a prerequisite. 

Drainage of non-saline soils 

The treatment of these soils is different from 
that for saline soils, as it may be impossible to 
leach the soil untill after certain chemical 
amendments are added. Through alkalisation 
soil undergoes certain textural changes. These 
soils tend to destroy original soil texture and 
leave the soil as deflocculated mass. Alkali 
soils have the consistency of tar or heavy 
machine grease, which is smooth and without 
texture. Sp()ts of alkali soils in .fields are call
ed 'Slick-spots', meaning that they are denude 
of vegetation and are textureless. As the alka
lisation progresses, the soil becomes less and 
less permeable. Strongly alkaline soils r,ecome 
virtually impermeable, and impracticable to 
drain under most conditions. 

It is highiy important that non-saline alkali 
soils be recognised as such before attempting to 
establish surface drainage, because these soils 
have lost ·some of their internal drainage cha
racteristics and may not drain properly, 1·cgard
less of the type of the drainage system installed. 
Where it is economically feasible to reclaim 
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these soils, chemical and agronomical treat
ments may be necessary to flocculate the soil 
particles and restore the soil permeability be-· 
fore leaching and drainage. Some of the che-· 
mical amendments commonly used are calciUm 
chloride, gypsum (calcium sulfate), sulphur and. 
sulphuric acid. ' 

Drainage of s:~line-alkali, soils 

The treatment of saline-alkali soils is much. 
the same as for no,n,-saline-alkali soils. Certain 
chemical amendments may be required, based. 
on laboratory analysis of soil samples. In so far· 
as the field technician is concerned, the difficult 
problem with saline-alkali soils is their identifi
cation as they may exhibit ·characteristics of 
both saline and non-saline-alkali soils. As. 
pointed out in th·e difinitio:Q: of saline-alkali~ 
soils, they m:ay be flocculated due to the pre
sence of excess salts and m:ay have a permea-· 
bility equal to or higher than not!"s·a·Ifne soHs .. 
This is ·often misleading and may give the imp
ression that soils can be reclaimed through. 
simple leaching. Actually this may not be the
case because leaching will remove fhe soluble
salts, thereby_ causing the soils to become· 
strongly alkaline and the permeability will be-
materially reduced. · 

For this purpose it is absohitely esseQtial to 
get soil samples ·chemically. analysed before 
drafting a drainage plan for any area. 

APPENDIX 

Statistics for ill-ilrained soils acreage in 
- Sholarrur District -----=-= 

6 Paridharpur 
7 Malsiras 

Total ... 17,:J93-1G 

8 Mangalwedha 
9 Sangola 

10 Karmala 
11 Madha 

Information concerning to 
these talukas is not re
ceived from Pandharpur 
Division, 

Do. 
Do. 
Do. --· ------------
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