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Farm Drainage Practice 

DRAINAGE of wet spots in culti
vated fields results in increased 

crops of better quality, removes wet 
pockets from fields, thus permitting cul
tivation with a minimum of time and 
labor, and allows more timely seeding 
and cultivation. A delay of a single 
week in seeding sometimes means from 
10 to 50 per cent less yield. Modern 
labor-saving machines can not be used 
effectively on fields cut up by wet spots. 
Poor drainage, resulting in no crop 
after plowing, planting, and cultivating, 
causes loss of labor, fertilizer, seed, and 
rental value of the Janel. 

Roots of ordinary crop plants in sat
urated soil, instead of penetrating to a 
depth of three or four feet, mature early 
in the upper few inches. Here the 
plant food is soon exhausted, and the 
plant becomes stunted or dies. Since 
soil erosion control is dependent. upon 
proper drainage, many problems in soil 
erosion can be obviated or solved by 
adequate drainage. 

IMPORTANCE OF A PLAN 

A drainage system, even if but a few 
lines are to be put in at a time, should 
be completely planned by a drainage 
engineer before construction is begun. 
A proper design is influenced by the 
six following factors. 

The Outlet 

An outlet is a necessity. Its capacity 
and its depth below the mouth of the 
main are of first importance and are 
easily determined. 

The Watershed 

In addition to determining the area 
of wet land, it is necessary to know the 
shape and surface condition and the 
entire area of the watershed or area of 
drainage. A watershed is an irregular 
funnel, the spout of which is the outlet 
drain. How fast the water will accum
ulate at the spout depends largely on 
whether the watershed is long and nar
row with steep slopes or broad and flat, 
whether the surface is rough or smooth, 
whether it is bare or covered with plant 
growth, and how reaclilv the surface 
soil absorbs the water n;nning over it. 

Rate of Fall 

The amount of water a given tile will 
carry depends largely on the rate of 
fall in the tile line, tho this does not 
mean that a given tile vvith a given 
rate of fall will carry just half as much 
water as it would were the fall twice 
as rapid. A fall of 0.1 foot per 100 
feet is the least that is desirable for 
small tile or open ditches. But a fall 
.as low as 0.04 foot per 100 feet, or 2.0 
feet per mile, is often necessary for 
large tile or open outlet ditches. Such 
a gradient, tho, is not self-cleaning. 
Four feet per mile is about the least 

. gradient that ordinarily will be self
cleaning. 

Soil and Subsoil 

Water flows through coarse sand 
much more rapidly than through clay. 
Between these two soil types lie many 
others often found in agriculture. The 
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rate of flow through these soils is as 
varied as is the character of the soils. 
Hence the texture of the soil is very 
influential in determining the needed 
size and location of drains. 

Rainfall 

To be effective, drains must remove 
both the flood water on the surface and 
the excess water in the soil as quickly 
as possible after a single heavy rain. 
Hence proper design of drains requires 
knowledge of maximum intensity and 
duration of the }1eaviest rains. 

Purpose of the Drainage System 

Drainage purely for permanent pas
ture, for grass crops, or for the coarse, 
shallower-rooting forage crops may in
volve only an inexpensive surface 
drainage system. Potatoes and other 
tender truck crops call for a complete
ness of subdrainage, the cost of which 
often seems prohibitive. There are all 
degrees in between, hence the end in 

view exerts marked influence in the 
proper design of farm drainage. 

Open ditch systems are not, as a 
rule, real drainage systems. They act 
merely as flood prevention or flood 
removal systems. Agricultural drain
age is the removal of excess water from 
the soil. Tile drainage is usually the 
only practical means of accomplishing 
this. 

SPACING AND DEPTH OF 
TILE DRAINS 

Type of soil, type of crop, and cli
matic conditions are the determining 
factors in the proper spacing and depth 
of tile drains. Usually, gently rolling 
Iand.s do not present much of a problem 
as they have fair natural drainage ex
cept in the depressions. Tile drains 
should be run up the approximate cen
ter of these depressions. In general, 
the lands requiring artificial drainage 
are the flat areas with poor natural 
drainage and the rolling areas dotted 
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with depressions or pockets of varying 
size, shape, and depth. 

Flat Lands 
Flat lands with poor natural drain

age require a thoro investigation in 
order to design a system with proper 
spacing and depth. Doubtless through 
a series of years, vigorous crops, espe
cially the deep-rooting types, tend to 
improve subdrainage conditions by a 
slight opening up of the subsoil, thus 
making it some·what more responsive 
to tile drainage. However, the chief 
influence of crops upon proper design 
of tile drainage systems is the fact that 
different types of plants vary widely 
both in their normal rooting depths 
and in their tolerance for excess water 
in the soil; hence subdrainage does not 
have to be so effective for the shallower
rooting or for the more water-re
sistant crop types as it does for the 
deeper-rooting ones or those more sen
sitive to excess water in the soil. 

In order that the water may get to 

the tile drains, there must be lateral as 
well as vertical movement. This lateral 
movement is caused by the "head" of 
water from the tile drain to the mid
point between tile drains. See Figures 
1, 2, and 3 for the general shape of the 
ground water table between the tile 
drains. Under average conditions the 
spacing of the tile drains should be such 
that the maximum "head" of water at 
the midpoint between the drains would 
be at least one foot below the surface 
and lowered from this point through 
the next foot of depth at a rate of one 
foot per clay. Since the free water 
moves with any degree of rapidity only 
through the large soil pores, the larger 
the pores the more rapid the move
ment of the water. Therefore, the 
spacing and depth of the drains in any 
tile drainage system is directly related 
to the large pore space in the soil. 

DETERMINATION OF SPACING AND 
DEPTI-I.-Spacings and depths of tile 
drains recommended for different soil 
types (adapted from data presented in 
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lVIinnesota Technical Bulletin 101) are 
given in Table 1. 

Table 1. Drain Tile Spacing and Depth 

Soil type Tile spacing Tile depth 

feet feet 

Loamy sand ·················· 500 6.5 

Sandy loam ..... 200 5.0 
Loam .................................... 100 4.0 

Silt loam ,,,,,,,,, ............... 60 3.5 
Clay loam ························ so 3.2 
Heavy clay .................. 30 2.7 

The tile spacing of 800 feet in a fine 
sandy loam (see Fig. 1) is sufficient 
only for grass crops, while the spacing 
of 200 feet in the same soil (see Fig. 2) 
is adequate for most cultivated crops. 
The poorest drainage, as indicated at 
the left-hand side of Figure 2, occurred 
where the peat was deepest ( 4 to 5 
feet) . The 60- and 87 -foot spacings 
in the silt loam soil (see Fig. 3) pro
vide sufficient drainage for most cul
tivated crops, while the 135-foot spac
ing is too wide. 

I 
I 
I 
I 
I 

I 
I 
I ~ALL 

60ft. 87ft. 

VI/here outlet conditions are poor and 
the proper depth cannot be obtained 
for a given soil type, the spacing should 
be decreased to correspond to the depth 
obtainable. For example, in a loam 
soil the tile lines should be spaced 100 
feet apart and 4.0 feet deep, but if con
ditions limit the depth to only 3.5 feet, 
the spacing should be reduced to 60 or 
70 feet. 

Lengths of Main and Laterals 

A system with short main and long 
laterals (up to 2,500 feet) is the most 
economical. The fewer the outlets, the 
less will be the cost of maintenance. 

Pockets 

In our gently rolling soils of glacial 
origin, many pockets are encountered, 
ranging in area from a few square feet 
to several acres and varying in depth 
from a few inches to many feet. Fol
lowing rains, these pockets usually fill 
with water. In order to insure a crop 
from the whole field, they must be 
cb·ainecl. Where a pocket is less than 
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Seepage Tile .l 
Top of impmiou~ 
lo4er in subsoil 

SECTION AT A·B 

1 

"( "( 1 

FIG. 4. Tim RIGHT WAY To PLACE 

THE TILE LINES To DRAIN A 

POCKET 

1 

1 

1 

150 feet wide, one line of tile through 
the center, the long way, is usually suf
ficient. Where the width exceeds ISO 
feet, a seepage drain around each side 
is usually needed as well as a drain 
through the center (see Fig. 4). 

For quick drainage of pockets in 
cultivated fields, a surface inlet at the 
lowest point in the pocket is needed. 
(See Fig. 5.) It is possible to plow 
and cultivate over these inlets without 
lifting the tillage implement from the 
soil. For permanent pastures, lots and 
barnyards, a catch basin removes the 
water more quickly. (See Fig. 6.) 

If the pocket is too deep to obtain an 
economical outlet for a tile drain, it may 
be feasible to try vertical drainage, 
which is inexpensive. 

VERTICAL DRAINAGE 

Vertical drainage is the disposal of 
excess water through surface inlets 
into a pervious soil layer, as gravel or 
coarse sand, that is capable of taking 
considerable water rapidly and that 
itself has an outlet lower than the land 
to be drained. If such a layer lies 
within a short distance of the sur
face, say within I 0 to 15 feet, it can be 
determined by boring a hole with a 
6- or 7 -inch post auger with extension 
handle. Lower 5- or 6-inch tile into 
this hole (see Fig. 7). Do not drop 
the tile in, as it will break. If the 
pocket to be drained is in pasture or 

LONGITUDINAL SECTION CROSS SECT.• 

Ftc. 5. SuRFACE INLET FOR UsE IN 

CuLTIVATED FIELDs 

FIG. 6. CATCH BAsiN FOR UsE IN 

YARDS AND ROAD GUTTERS 
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FrG. 7. A VERTICAL DRAINAGE WELL

SECTIONAl. VIEW 

meadow, the tile can come to the sur
face and be capped with a grate; if in 
a cultivated field, . cap and cover with 
coarse gravel about a foot below the 
surface. 

Vertical drainage will not work un
less it leads into gravel or sand layers 
not already water-logged, and it is not 
recommended except where it is not 
economical to install a regular tile 
drainage system. 

SEEPAGE 

Seepage areas result from an imper
vious layer of subsoil checking the 
downward flow of the water, the pres
sure causing it to be discharged onto 
the surface at points on the lower slopes 
where the top soil is thin. Thus the 
low land is kept too wet for cultivation. 
In such cases, tile lines should be run 
along the foot of the slope just above 
the wet area. These lines should be 
deep enough to catch the seepage water 
at the top of the impervious subsoil 
over which it runs, before breaking 

through to the surface, and to carry 
it to the outlet drain across the low
land. The lowland in itself may have 
good natural drainage. Cutting off the 
seepage may be all that is needed. If 
one seepage line does not catch all the 
water, a second line a few feet ·from 
the first and parallel to it probably will. 
(See Fig. 8.) 

SELECTING DRAIN TILE FOR 
QUALITY 

Listed sizes of drain tile refer to 
inner diameter. The important thing 
is to get good tile. Either clay or con
crete tile may be good, and either may 
be poor. Therefore, when buying, it is 
good practice to require that the tile 
furnished shall meet the specifications 
laid down by the American Society for 
Testing Materials. These specifica
tions cover uniformity of shape and 
size, thickness of walls, crushing 
strength, and absorptive capacity. 
There are three regular grades of tile : 
( 1) fann drain tile, formerly consid
ered suitable for ordinary farm drain
age in six-inch size or smaller, and for 
depths of trench not exceeding four 
feet, but no longer produced by most 
makers of drain tile and no longer 
recommended for use in good drainage 
practice; (2) standard drain tile, suit
able for all drainage work in 24-inch 
size and under and for depths of trench 
not exceeding eight feet; ( 3) extra 
quality drain tile, needed where the size 
exceeds 24 inches, and in all sizes 
when the depth of trench exceeds eight 
feet. The Tile Laboratory, University 
Farm, St. Paul, makes standard tests, 
free of charge, for any sample (five 
tile of each size selected at random 
by purchaser or his agent from a given 
lot when unloaded from cars) sent to 
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the laboratory, all carrying charges pre
paid. The dealer should furnish such 
samples without charge. 

A good tile, when tapped lightly with 
a hammer, will give a clear metallic 
ring; a poor or broken tile will give a 
"dead" sound. It is good practice to 
apply the "hammer test" to each tile 
when unloading from cars and again 
when laid, thus making it possible to 
eliminate all inferior or defective tile. 

Clay Tile 

There are two classes of clay tile, 
soft burned and vitrified. The latter 
is the higher grade. Either kind, well 
made, is satisfactory for average farm 

use. A good clay tile should be of 
uniform size, well burned, non-porous, 
free from grains of lime that cause the 
tile to disintegrate after wetting. In 
general, the harder burned the tile, the 
higher the quality. A porous tile or 
one burned insufficiently disintegrates 
under frost action. Good clay tile is 
not affected by frost action, alkali salts, 
or peat acids. 

Concrete Tile 

Concrete tile made from good cement 
and clean sand and gravel, properly 

SECTIONAL VIEW THROUGH HILL 

PERSPECTIVE VIEW 
FIG. 8. METHOD OF DRAINING SEEPED SLOPES 
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mixed and cured, are satisfactory and 
durable in soils free from alkali salts 
and acids. They should not be used 
in strong alkali or in high-acid peat 
soils. Good concrete tile contain a 
large percentage of coarse aggregate, 
show water markings indicative of use 
of a liberal amount of mixing water, 
are dense walled and of uniform shape. 
Curing conditions for concrete are not 

are used, larger tile are ordinarily 
required. 

As small tile are hard to lay accu
rately and as they are much more 
easily clogged by a small amount of 
dirt, sizes under four inches should 
not be used in farm drainage. Sizes 
under five inches are not recommended. 
It seldom pays on a single farm to use 
tile of greater diameter than 24 inches. 

Table 2. Area in Acres that Different Si:zes af Tile Will Drain with Different Rates of Fall 

Fall in feet per 0.08 0.10 0.15 
100 ft. of length 

Inner diameter of 
tile, inches . 

0.20 0.25 0.30 0.40 

Area drained, to nearest acre 
--------------------------------

4 
5 
6 
7 
8 

10 
12 

' 14 
15 
16 

18 
20 
22 
24 

3 3 4 
5 6 7 
9 10 12 

13 15 19 
20 22 27 

37 41 so 
61 67 83 
95 105 129 

113 127 155 
134 149 183 

187 209 256 
249 280 341 
323 360 442 
407 453 558 

4 5 5 6 
9 9 10 12 

14 15 18 20 
22 24 27 31 
32 36 39 45 

58 65 71 82 
96 108 118 137 

149 167 182 211 
179 200 218 252 
211 238 260 302 

295 328 360 417 
393 440 483 556 
510 571 626 720 
643 720 794 913 

0.50 

7 
13 
22 
34 
50 

92 
153 
235 
283 
336 

467 
625 
800 

1,020 

0.75 

9 
16 
27 
42 
61 

112 
187 
288 
346 
413 

570 
760 
987 

1,247 

1.00 

10 
19 
31 
48 
71 

130 
213 
333 
400 
473 

660 
880 

1,140 
1.440 

usually such on the farm as will insure 
good tile ; hence the use of ho1ne-1·1wde 
tile is not rec011'tmended. Porous tile are 
without 11writ, as the joints provide all 
necessary oj;portunity for water to 
enter. 

Where larger sizes are needed, it is 
usually preferable either to use two 
mains or to make the main an open 
ditch. 

Size of Tile 

Size of tile required depends largely 
on the fall obtainable, but somewhat, 
also, on the kind of soil and subsoil 
and on the topography. An area with 
poor surface drainage usually requires 
larger tile than one with good surface 
drainage. When the soil is so open 
that most of the surface flood reaches 
the tile drains, or when surface inlets 

Table 2 gives the area, in acres, of 
average farm land that given sizes of 
tile for rates of fall ranging from 0.08 
foot to one foot per 100 feet of length 
will drain. (Drainage coefficient Ys 
inch in 24 hours.) 

OPEN DITCHES SUITABLE 
FOR FARM USE 

Usually, open ditches as a perma
nent type of improvement have little 
place on the modern farm. Frequently, 
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however, depth, grade, and outlet con
ditions make necessary some open 
ditching in connection with tile. The 
purpose of such ditches is either to 
serve as outlet channels or as carriers 
of excess surface floods to relieve the 
tile drains of an overload and thus 
prevent smothering of crops. 

Side Slopes 

Steepness of side slopes of open 
ditches should be suited to the soil 
through which the ditch is dug. Care 
should be taken to make them smooth 
so as not to obstruct the flow of water. 
Fibrous peat and hardpan clay will 
often stand nearly vertical for years. 
Ordinary loam soils require slopes of 
1 Y2 feet horizontal run to one foot 
vertical rise (commonly called 1 Y2 to 
1 slope) or flatter. 

Slopes in sandy soil or clear sand 
usually must be 2 or 3 to 1, or flatter. 
Slopes too steep for the type of soil 
are easily cut by flowing water, and 
earth thus washed loose tends to fill 
the ditch or to form mud banks that 
seriously obstruct the flow of water 
and reduce the capacity of the ditch. 

Intercepting Ditches 

Where high land discharges con
siderable flood water onto low land, it 
is often possible to cut off this flow 
with an open ditch at or near the foot 
of the hill and carry it away to some 
near-by outlet stream, thus preventing 
the flooding of the low land. These 
ditches are usually made wide and shal
low. The excavated material is all 
thrown to the lower side, thereby in
creasing the capacity of the ditch. The 
bank and sides of the ditch are then 
smoothed off and sown to grass. 

As the capacity of such a ditch is 
required only occasionally and for short 

periods, no crops will be killed and no 
land is wasted by the ditch. Inter
cepting ditches should approximately 
follow the contour of the ground along 
the slope on which they are built. The 
rate of fall should not be great-just 
enough, if possible, for a flow that will 
be self-cleaning. 

Auxiliary Ditches 

Large open ditches across fields are 
inconvenient and wasteful, yet fre
quently where large areas of high land 
drain onto naturally fertile low land, 
the amount of low land may be too 
small to justify a tile large enough to 
carry the flood water from the high 
land. In such a case, a tile main may 
be laid large enough to take the or
dinary unclerdrainage from the upland 
and the entire drainage from the low 
land. The surface flood from the high 
land may then be taken care of by an 
intercepting ditch of considerable size 
carried across the low land to an outlet 
and serving as an auxiliary flood ditch. 

The primary purpose of these auxili
ary ditches is to aid in removing sur
face floods quickly, to prevent over
loading the tile drains, and to prevent 
impounding flood water in depressions 
in the flat lowland. Such a ditch need 
be only deep enough to keep all the 
water moving. It will be used only 
occasionally and for short periods ; 
hence it should be made wide and V
shaped, with flat slopes that may be 
farmed right across. The material 
from the ditch should be spread out 
thin over the adjacent field. In this 
way, unsightly and inconvenient waste 
banks are eliminated and the low. area 
protected and thoroly drained at low 
cost, without waste of land. 

Over large areas of flat land it is 
often possible and desirable to connect 



12 EXTENSION BULLETIN 149 

more wide) placed 100 feet apart on 
straight lines and 10 to 50 feet apart 
on curves, according to their sharp
ness. On each of these stakes its sta
tion number (its distance in hundreds 
of feet from the lower end of the tile 
line) is plainly marked. 

FIG. 9. Tr-m RIGHT WAY To STAKE OuT A TILE DRAIN 

and loose earth being cleaned out 
quickly with a shovel. Either the plow 
or the grader should be nm always in 
the direction to throw the material to 
the clown-hill side. 

CONSTRUCTING TILE DRAINS 

Method of Staking 

It is here assumed that the tile lines 
have been staked according to the fol
lowing method (see Fig. 9). Starting 
at the outlet of the main, the line is 
measured carefully and marker stakes 
(about 2 feet long and 1 Vz inches or 

A hub stake (a short stout stake 
with a square sawed top) is driven 
solid and nearly flush with the ground 
just in front of each marker stake. 
Exact levels are taken by the engineer 
on the tops of the hub stakes. From 
these the gradients of the tile lines are 
determined ·and the cuts from tops of 
hubs to finished grade at bottoms of 
trenches are worked out. The cuts 
are tabulated by line and station, points 
of change of grade and rates of grade 
being marked, and a copy given the 
tiler to guide him in setting the targets 
by means of which he digs his trenches 
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to correct g rade. Locations of surface 
inlets or catch basin , and the like, are 
plainly marked by special stakes. 

Trenching by Hand 

HAND TOOLS (see Fig. 10).-Most 
of the spading is done with a tile spade. 
In very loose soil the solid blade is 
needed, but in most soils the skeleton 
blade is handier, as it is lighter and the 
soil drops from it more readily. 

DIGGING TO GUIDE LINE.- Digging 
must begin at the outlet and proceed 
up stream. The trench must be dug 
to straight lines and smooth curves. 
Top spading should be done to a guide 
line str tched along the stakes. The 
workman always faces the outlet and 
casts hi material into a heap all on 
one side f the trench. ( ee Fig. 11 .) 
If the top spading lines up poorly, it 
is pra ti cally impossible to smooth up 
the line in later spadings. On curves, 
the guide line, stretched reasonably 
tight past the regular stakes, should be 
drawn outward to a smooth curve be
tween stakes and fastened by pegs (see 
Fig. 12) . 

METHOD OF SPADING.-One should 
not set a tile spade square across the 
trench or attempt to take either a full 
width or a very thick bite, as the side 
friction will be too great to break it 
loose readily. After the blade is settled 
to its fu ll length, the handle should be 
thrust forward slightly to break the 
side bond before the spade is pried 
backward to lift out the sli ce (see F ig. 
13). 

CLEANING OUT THE CRUMBS.- The 
crumbs left in the trench by the tile 
spade are removed with a long-handled 
round-nosed shovel, the man handling 
it standing in the trench facing up 
grade. 

FIG. 10. TooLs U s ED I N TILING BY HAND 

I. Skeleton blade spade. 2. Solid blade 
spade. 3. Long-handled round-nosed shovel. 
4. Drain cleaner. 5. Ti le hook. 6. F ive-foot 
gauge rod. 7. Target rods. 8. arpenter 's 
level. 9. S ix-foot zigzag rule. 10. Prospec
tor's pick. 11. Monkey wrench. 12. law
hammer. 13. Hanel ax. 14. Ball hard
twisted white cotton twine. 15. Pickax. 
16. Small rope fot· guide line ( 100 feet). 

TARGETS.-A line of targ ts must be 
set as a guide by which to finish the 
trench to exact g rade. The set targets 
establi sh a line in the air a fixed dis
tance above and parallel to the line of 
the bottom of th fini heel trench. The 
height of this line above the bottom of 
the trench should be convenient to the 
eye-height of the tiler , say five feet. 

SETTING TARGETS ( T LESS THAN 
FIVE FEET) .- For convenience let five 
feet be assumed as the height the tar
get is to be set above grade. The 
method is as follows (see Fig. 14) : 

1. Subtract establi shed cut at given 
station from five feet. 
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F1G. 11. ToP SPADING T O GuLDr:: L INE 

Only the unskilled workman 
will try to dig the ditch stra ight 
wi thout a line. 

2. Drive a small r d ( 5/16 or 3/ 8 
inch) or a sti ff tall stake just back of 
or besid the hub on the out ide and 
a similar rod quare acr ss the pro
p sed trench fr m the first rod . 

FIG. 13. METHOD F D IGG I NG 

THREE- F OT TRENCH 

Fr c . 12. Gui DE L I NE ON CunvE 

Note the short pegs holding the 
line to a smooth curve. 

3. n the first ro I, mea ure up from 
top of hub th amount ( 1.58 f t ) ob
tained in tep 1 and ti e a pi ce of 
hard-twi ted white c tt n twine to the 
rod at thi point. Stretch thi s twine 
across to the second rod as near level 
as th ye can ju I e, an I ti e it. 
zigzag ru le with feet and inches on one 
side and fe t. tenths, an I hundredths 
on the oth r is th handiest measure to 
use. 

4. Level the string with a carp n
ter 's I vel. heck the measured h ight 
( 1.58 f et ) on the first side. Aft r 
adjusting th is, check the lev ling. 

NUMBER Of' Ti\RCET NEEDED.- T a r 

gets should I e et at not les than 
three stakes along any given trip of 
continuous grade at any one time- five 
or six is better. Each target must be 
set fr m the cut required at its own 
particular hub stak ( ee Fig. 15 ). If 
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F!(:. IS. TARGI;:TS AT Two CoNSECUTIVE STAKES E sTABLISH THE LINE OF SIGUT 
FrvE FEET AoovE GRADE 

IS 
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the engineer's work and the target set
ting are both perfect, all the targets 
along any given grade will line up and 
be projected against the background as 
one line, and the line of sight along 
such a series of targets, as line AB 

(Fig. 15), at all points will be just 
five feet above the proposed bottom 
of the trench. 

CORRECTION OF APPARENT ERRORS 
IN LINE OF TARGETS.-For several 
reasons a series of targets along a given 
stretch of grade may not line up per
fectly. In such a case, assuming that 
the greater number of targets that do 
line are on the correct grade, move the 
others up or down until they come into 
line, being sure to keep all targets level. 
Before such adjustment, be sure that 
none of the hub stakes have been dis
turbed. If any great apparent error 
occurs at any stake, it is probable 

either that the recorded cut is wrong 
or that there is a mistake in the meas
ured height of the target. 

WHEN CUT EXCEEDS FIVE FEET.
If the cut exceeds five feet, targets can 
not be set until the trench has been 

FIG. 16. LINING IN ADDI

TIONAL TARGETS BELOW 

OuTLET OR PoiNT oF 

CHANGE OF GRADE 

excavated below a cut of that amount. 
Then the rods holding the target must 
be driven slanting into the sides of the 
trench, five feet must be subtracted 
from the cut, and the remainder meas
ured down from the hub or from a 
level line set across the top of the hub. 

TARGETS AT CHANGE OF GRADE.
The tiler works up grade from and 
facing the outlet, hence the target line 
guiding him is always down grade 
from him. Therefore, below the out
let or below a point of change of grade 
a target must be set, by eye, in line 
with those already set up grade from 
the point, so that the workman will 
always have below him a target line 
from which to check until he passes 
the second regular stake on a given 
grade (see Fig. 16). 
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How To Use the Targets 

GAUGE ROD.- Line AB, Figure 15, 
is a sighting line through all the tar
gets on a given grade. With targets 
set five feet above the prop sed bottom 
of the trench, when the top of a five
foot stick held vertically with one end 
on the bottom of the trench lies in the 
line of the targets, the trench at that 
point is at proper grade. The tiler may 
thus test the grad of every fo t of the 
trench. Many workmen u a notch 
in the handle of the drain leaner at 
gauge height from its point instead 
a separate staff, but in loose or soft 
ground the weight of the drain clean r 
will settle its utting edge enough to 
make ri u error in testing the grad . 
Th r ( re, a slender wood taff with 
square sawed ends is better. 

BoTTOMIN TIIE TRENCII.- The I ot
tom of the trench is finished with the 
crumber or drain cleaner, which i 
made in different sizes to fit the out
side of ti le of any size. The handle 
an be et at just the right angle to 

enable the til r to control its motions 
exactly. If the b ttom of th tren h 
checks too high in any spot, the 
crumber should be placed snug against 
the bottom of the trench where th 
grade is correct, just back of th high 
spot, and drawn forward with thi 
fini h d 1 art f the trench as a guid , 
unti l the blade of the crumb r cuts off 
th high spot much as a j inting plane 
tru s up th edge of a board. One 
must plane just to grade and never cut 
too low. If any spot is cut too low, 
this hollow should be filled back with 
well pulverized soil, which should be 
well tamped with the crumber and the 
bottom of the trench again planed to 
grade. 

Stays and Trench Braces 

In trenches over eight feet deep it 
i necessary to u e staging and two or 
more lifts, the bottom man casting to 

· th fir t staging, from which anoth r 
passes th soil to a second staging or 
to the tot . In I os material or in 
lay liable to slip along cleavage lines 

or era ks, it is necessary in tr nches 
over six feet deep to u e plank stays 
and trench brae s to pr v nt caving 
( ee Fig. 17). 

Trenching by Mach ine 

S vera! pow r machines are made 
for ti le trenching, almost any of which 

FIG. 17. TRENCH BRACES AND PLANK 

STAYS 

Left, trench brace alone. Right, trench 
braces and plank stays in position in tile 
trench. 

do ati factory w rk within th limits 
f what th y ar built t d . Thes 

ma hines cost s v raJ thou and dollars ; 
hence they ar uited to ownership and 
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peration only by contractors. On 
large farm drainage projects it is often 
profitable to employ a contracting con
cern owning and operating a power 
trencher . 

Laying the Tile 

T he tile should be laid with tight 
joints to an even line that looks, be
fo re covering, like a continuous pipe. 
The tile houll be kept laid up to 
within a few fe t f the fini heel trench. 
If a tile does n t fit ti ght against that 
previou ly laid, it should be turned on 
it long axi until the position is found 
in which it ·will do so. Each tile, as 
laid , sh uld b given a smart tap by tile 
hook or h el t make it fit ti ghtly 
against the last laid piece. This should 
not be d ne with sma ll c ncrete til e the 
ends of whi ch are made nearly 1 erf ct , 
as it will t nd to mak the joints too 
tight. (See Figs. 18 and 19.) 

\"lh re the joints li e open more than 
Ys inch in sandy or ordinary loam soil , 
they mu t be covered with broken 
pi ce of tile ( tile bats), g rass clods, 
hay, or tar paper. Ti le up t and in
clu ling eight-inch may be lai I readily 
ei ther with the tile ho k or by hand. 
Larger tile must be laid by hand, and 
sizes too large to be lifte I readily must 
be handled by means of a r pe, a der
rick, or a suitable mechanical hoist. 
The tiler should reject all tile that are 
cracked, too oft, or o ill -shaped that 
a smo th line can not 1 e obtained. 

Making Junctions and Trimming 
Tile for Curves 

For sizes of tile up to and including 
12-inch, fact ry-made junctions are ob
tainabl , but the tiler hould know how 
to make his own junctions by hand. 
To tart the hole for a junction in a 

Fie. 18. LAYING TILE WITH TILE 
HooK-SECTIONAL Vmw 

small tile, one may either chip it through 
with the point f a prospector ' pick 
(Fig. 10, No. 10) , or h may use the 
[ace of the pi ck or of any light hammer 
as follows : 

Completely fill a ound ti le with dry 
sand to prevent vibration, holding the 
tile b tween the knees with two small 
board to keep th sand in . Th n give 
a prolonged s ri s of light taps in the 
ame sp t with the face of the hammer. 

A mall hoi will soon resu lt without 
racking the til if care is used and the 

job i n t hurrie I. To enlarge the 
hole, u e a common monkey wrench 
just a one does a glass cutter in trim
ming th edge of a pane of glass. The 
same tool is b t also for trimming the 
ends of tile to secure clo e joints on 
sharp curves. 

Keeping Tile Clean 

Keep tile clean while laying. Earth 
in a tile line attracts roots and may 
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Frc. 19. LI NE O F TILE I N TRENC H, 

READ Y TO BLI ND 

cause a stoppage. Earth is easily 
dumped out of small tile. With large 
til e, ti e a large burlap swab to a short 
length f small rope and draw it for
ward through each newly laid tile. 

Blinding the Tile 

A new-laid line of tile should be 
covered to a depth of from four to six 
inches close up to the end of any day's 
work to hold it in place against the 
action of the elements or other di s
turbance until the trenches are filled. 
Thi s is called "blinding." It is done 
by the tiler walking astride the trench 
and cutting down ea1·th with a tile 
spade from both sl pes b low the sur
face. In blinding, be careful not to 
disturb the batted joints or the align
ment of the tile. In tight oils a layer 
of several inches of coarse hay spread 
over the tile before blinding prevents 
joints from sealing and facilitates 
dainage (see Fig. 19) . 

Refilling Trenches 

Refilling trenches may be done by 
hand with shovels, by plow, by scraper, 
by road grad r drawn by tractor 
power, or by oth r special methods and 
devices. Short sections near buildings, 
fences, and other plac inac essible to 
team and machinery must be filled by 
hand, as mu t a lso a short length of 
trench at the outlet to provide turning 
groun I fo r teams and machinery. 

Protecting Tile Outlets 

The essential thing is to make pro
tections permanent. If the tile line ends 
at or near the bott m of the outlet chan
nel with little or no drop from the tile 
to th tream or 1 ut little sid current 
in the stream to cau e c uring and 
underminin0 , a cheap and sati factory 
protecti n is 15 r 20 f t of cor
rugat d iron cul vert of g od gra le at 
the tile outlet. 

The joint between the last tile and 
the culvert hould be tightly cemented 
and th culvert it elf hould be laid on 
a firm bed f natural il. A ring of 
)12 -inch round iron roll d into th outer 
end of the culvert protects against 
crushing. \1\fhere there is a drop from 
the outlet of the tile to the bed of the 
out! t channel, the tile outlet should be 
protected with a head wall or bulk
head and apron (see F ig. 20 ). 

A creen is n c ssary to keep out 
li ving cr atures that are, otherwise, a 
dangerous cause of clogging. The 
screen may be of fine-mesh poultry net
ting r it ·may be a grating of slender 
iron bars SJ aced not over an inch apart. 
These bars may be et in the concrete 
of the bulkhead or in a frame so fas
tened that the whole grating may be 
removed to clean out the mouth of the 
drain and again replaced. 
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FRONT ELEVATION 

PLAN 

Miscellaneous items.--On almost 
every tile-drainage project in the 
course of installation, conditions exist 
or develop that have no direct connec
tion with any of the items thus far 
listed. Such items can, therefore, only 
be classed under the general head of 
"miscellaneous," and each such item 
usually has to be handled by itself in a 
manner best suited to the individual 
problem. Some items of common oc
currence are temporary ditching for 
removal of flood water from areas 
whose flooded condition, until removed, 
prevents the regular progress of con
struction, the removal of stumps or 
boulders from the path of a drain line, 
removai of excess earth that has clog
ged the trenches as a result of cave-ins 
or slides, and the placing and removal 
of cribbing or plank stays to prevent 
such cave-ins. Any well-managed 
drainage construction job will have 

Fra. 20. SIMPLE PLAN OF 

OuTLET BuLKHEAD 
FOR TILE LINE 

made available in advance an allow
ance of time, labor, lumber, and tools 
to care for such special needs as they 
may occur. 

OBSTRUCTION OF DRAINS 
BY TREE ROOTS 

Roots of willows and other water
loving trees growing in the vicinity of 
tile drains are likely to penetrate the 
drains and obstruct the flow, especially 
if the tile carries water far into the 
dry season. Such trees should be grub
bed out, or all tile within SO or 75 feet · 
of them should be bell-ended sewer 
pipe and the joints tightly cemented 
with rich cement mortar. 

A FARM LEVEL 

While the very accurate leveling re
quired for systems of tile drains should 
be done by an experienced engineer, 
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the farmer planning to put in open in
tercepting or auxiliary flood ditches or 
single unattached lines of tile will find 
it very convenient to be able, himself, 
to run approximate levels. A regular 
engineer's level for this purpose is an 
expensive instrument for him to buy 
and he would not know how to keep it 
in order. Figure 21 shows a cheap 
leveling device that he can rig up him
self at very slight expense. The car
penter's level should be a good 24-
inch wooden one with an active bub
ble. The peep sights are not neces
sary, but are very convenient. They 
may be obtained through your local 
hardware man for $2 or less. The 
small table, its tripod legs, and the 
wedges may be made of any good soft 
wood. The rod should be a strip of 
clean white pine about 1 ;,1 to 2 inches 
wide, with the feet, half, and quarter 
feet marked on it in black. 

There are also several inexpensive 
farm levels, regularly manufactured 
and sold for from $20 to $40, that are 
satisfactory for most leveling work. 

A careful study of Figure 22 will 
make clear the system of leveling. It 

FIG. 21. A SIMPLE AND INEXPENSIVE 

FARM LEVEL 

should be borne in mind that at least 
two readings must be taken (a back
ward sight on the last point and a for
ward sight on a new point) for each 
new position of the level. One should 
not try to take sights over 100 feet 
long with this type of level. 

FIG. 22. METHOD OF RUNNING APPROXIMATE LEVELS 
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COST OF TILE DRAINAGE 

The cost of any ordinary farm tile 
drainage system is made up of several 
distinct parts, as shown in Table 3. 

Engineering and supervision.-Pro
fessional day rates and necessary inci
dental expenses. 

Tile.-Ask your local lumber dealer 
or write the manufacturer. For ap
proximate estimates, figure at $8 per 
ton. (For weights, see Table 4.) 

Freight on tile.-Ask your local rail
road agent for rates. 

Haul and distribution.-Actual cost, 
at local rates, of man and horse labor 
or truck operation ; usually estimated 
as cost per ton mile. 

Trenching, laying, and blinding.
Since this operation requires skilled 
labor, higher wages must be paid than 
for ordinary labor, the price being SO 
to 75 cents per hour without board. A 
good tiler will make twice the speed of 
an ordinary laborer and do better work. 

The hours required by an experienced 
tiler, for trenching, laying, and blind
ing 100 linear feet of tile for sizes 
from 4 to 24 inches and for trenches 
from 3 to 12 feet deep is given in 
Table 5 for average digging conditions. 
Average conditions occur most fre
quently in ordinary prairie soils, except 
after protracted drouth or when the 
ground is frozen. 

Refilling trenches.-This class of 
work does not require skilled labor. 
It is usually clone by the fanner 
himself. 

Outlet protection.-The amount of 
protection necessary for the tile outlet 
varies widely on different jobs; hence 
there can be no definite unit established 
in which its total cost on a given job 
may be figured. The cost of corru
gated iron culvert pipe, which is used 
in most cases of outlet protection, may 
be estimated at prevailing list prices 
per linear foot. In addition, such items 
as concrete, lumber, man labor, horse 

Table 3. Cost of Tile Drainage on the Form':' 

Item 

Engineering and supervision ............................................................................... . 

Tile 

Freight on tile ...................................................................................................................... . 

Haul and distribution (hauling the tile from the railroad 
station and distributing it over the fields along the 
proposed tile lines) .............................................................................................. . 

Trenching, laying, and blinding the tile ................................................ . 

Refilling trenches 

Outlet protection and miscellaneous .......................................................... . 

* Adapted from Minnesota Technical Bulletin 47. 

Approximate per cent of total cost 

Rolling land Flat land 

9 7 

28 37 

7 9 

6 6 

45 36 

4 4 
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labor, and the like may be involved, 
the amount and unit cost of which will 
vary widely in different cases. The 
most convenient preliminary cost esti
mating unit for outlet materials there
fore seems to be its percentage of the 
total cost of the system. This will 
probably seldom exceed three per cent 
and is usually much less. 

Miscellaneous.-As in the case of 
outlet protection, the character and 

amount of miscellaneous costs is ex
tremely varied, but the total is usually 
relatively small. Hence, in this case 
also, the most convenient way to handle 
it in preliminary estimates is as a per
centage of the total cost of the system. 
For almost any system on mineral soil 
areas this percentage will not exceed 3, 
while on peat soil for systems of mod
erate size it may run as high as 10 to 
20 per cent. 

Table 4. Weights of Drain Tile 

Inner diameter of tile, inches....................... 4 

Average weight per foot, pounds ..... :...... 7 

5 

9 

6 

12 

8 

20 

10 

27 

12 

37 

14 

52 

16 

69 

18 

84 

Table 5. Hours Required To Dig 100 Linear Feet of Trench for Sizes of Tile from 4 Inches to 
24 Inches, and for Depth of Trench from 3 to 12 Feet (Average Digging) •:• 

Diameter Hours per 100 linear feet for depths of trench shown .on next line 
of tile, 
inches 3ft. 4ft. 5 ft. 6ft. 7ft. 8ft. 9ft. 10ft. 11ft. 12ft. 

4, 5, and 6 7 13 21 31 44 59 77 99 123 151 

8 10 17 27 41 56 74 96 121 150 183 

10 12 22 34 49 68 90 116 145 179 218 

12 15 26 40 59 81 106 136 170 209 252 

14 18 31 48 68 93 123 157 195 237 287 

16 21 36 55 78 106 139 177 221 268 322 

18 23 40 62 88 120 156 198 246 299 358 

20 27 45 69 99 133 174 220 272 330 395 

22 30 51 77 109 147 192 242 298 362 432 

24 33 56 85 120 162 209 264 326 394 470 

*Adapted from Minnesota Technical Bulletin 47. 
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More Bulletins for You 
If this bulletin has been of interest and 

help to you, perhaps you would like to 
know about other useful publications that 
are obtainable from the Agricultural Ex
tension ~ervice, either direct or through 
your county extension office. A postcard 
or letter addressed to University Farm, St. 
Paul, will bring you a complete list of titles 
from which you may choose. Are you sav
ing the bulletins you receive? Many farm 
homes provide a special rack or file in 
which bulletins are kept for handy refer
ence whenever they are needed. Start now 
to save your bulletins, and use them often. 

Office of Publications 
University Farm 
St. Paul, Minnesota 
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