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A Study of Soil Weter Movement as Affected by Drainage

Introduction

. Proper spacing and depth of tile and moles for lend drainage wes
the primary objective.of this project. If wider spacing would give ade-
quate drainage considerable time and money might be saved in future
tiling of farm land., More effective drainage would result 4f it wes
found that closer spacing was needed. Also of great importance was the
determination of the practicebility for further research of the sump
and observation well method which was used. This is its first trial in
Michigan and one of the few in the United States.

The s0il of Saginaw County, Michigan, includes areas of Clyde clay
loam which are considered to be poorly drained soils. Without artificial
drainage this soil has definitely limited farming use. Properly drained,
however, the Clyde loams are very productive. When the water table is
lowered sufficiently it produces abundant ylelds of sugar beets, navy
beans, onions, and forage crops. Therefore, it is to the advantage of
owners of Clyde soils to be sure that their subgurface dr;inage systems
are properly designed.

During the last two years there has been considerable interest in
tiling and in plowing of mole drains on the 7500 acres of land kmown
as the Prairie Farmes in Sgginaw County. Much of this area is classed as
Clyde soil, In 1948 alone several miles of tile plus a limited number
of mole drains were placed.

Before this investigation no attempt had been made to find the
optimum spacing and depth for tile and moles for these Prairie Farms!

solls. This sump and observation, or test well method was tried
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during May and June, 1948. The project, set up cooperatively by the

801l Conservation Service and the Agricultural Engineering Department

of Michigan State College, consisted of a central sump or well from which
water was pumped and observation wellg. The latter were placed in tweo
lines at right angles to each other, and the sump was located at the

intergection of the lines.
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REVIEW OF LITERATURE
Permeability and Drainage

Most drainage researchers have approached the problem of depth and
spacing of tile and mole drains through a study of soil permesbility.
If there is a relatively pervious layer of soil resting on an impervious
gubstratum, the incidence of rain causes a body of ground water to build
up, bounded above by the wéter table. The height of the water table can
be controlled by aRtificial dralnage for given conditions of rainfall,
g80il permeability, and drainage lay(rwl:.3 The investigation of the shape
and location of this free water surface and the nature of ground water
flow to the drains is primarily a study of hydranlic head. Design of
drainege structures also involves the quantity of water to be handled
and the dimensions of the aquifer. The aquifer is defined as "those
strata that provide a medium through which water may flow at a satisfact-
ory rate toward a drainsge faocility."l

Although there is no generally szpplicable procedure for mathematical
analysis of the problem, Darcy's Law of flow through perous media has
been called the fundamental equation of ground water movement. This law,
which follows in equation form, states that flow porous media to drains
is directly proportional te the hydraulic gradient and the cross sect-
ional area and inversely proportional to the length of flow.

I (b, - by)
L

Q=

"Q¥ ig equal to the quantity of flow (cfs)

*X" is equal to the constant of proportionality and depends
upon permeability of the medium, viscosity and density
of the fluid, and the gravitational constant.
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by = hy is equal to the hydreulic gradient (equal to the
vertical distance from the crest of the water
table to the water in tile).

4 18 equal to the cross sectional area of flow

L is equal to the length of flow
There are other equations for permeability calculations. Some of these
attempts to simplify the procedure have given inaccurate .remltc.
These have assumed that flow takes place below the level of the drain,
that above the drain all streamlines are horizontal, and that the water
table must intergect the drain linel.‘

Good drainage, according to J. H. Neal, is primerily the removal

of excess or injurious water. Insurance against drouth is an added
characteristic. By lowering the water table early in the growing season
roots can get down to a permanently moist soil. The water table for
grain crops can be one foot below the surface all the time or two feet
below three-fourths of the time without injury.l® Drainage results in
improvement of the physical properties of the topsoil, but the effect
decreases with depth. With proper drainage bacterial action can take
place which causes the decomposition of organic matter, and increases
the available plant food. Also the improved ventilation aids the stabili-
sation of colloidal material in the top layers of the soil. Porosity
increases when drain specing is decreased. Cracks, root cavities, and
worm bores all develop with time. During early years of a tile system
four feet deep in heavy clay, water will not drain as fast as is required;
however, soils will become more open in time and much valuable plant food
will become available as the subsoil is loosened.ao It has been shown,
too, that deeper tile in fairly permeable soil start to drain first when
rain has saturated the subsoil and raised the water table. Deeper tile

will also carry more water longer after a storm than shallow tile. There
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is, however, the danger of tile or moles being too deep in a tight

subgoil. In which cese until the system begins to take effect crops may

be drowned before the injurious water is removed.zo To allow for this
improvement with time, J. R. Haswell of Pennsylvania State College recommends
that an adequote system of mains be planned first.n H. B. Roe's studies

of drainage improvement in Minnesota are shown in Table (1).19 Some aver-
age depth and spacings of tile drains which have been suggested are shown

in Table (2).

Table 1. Changes in Permeability

Date Installed 1915 1916 1925
Topsoil very fine sandy loam clay loem 12 - 18% of
traprock fragments peat over
Subsoil mck
Depth 3 - 33 33 2 -4
Spacing 220! 66 - 110! 125!
When wet sticky, impervious ditto, lac-
ustrine clay
Effect of 1ittle drainage little till Slowly in-
time (1921 but increas- after 1919, in- cressing in-
ing influence to creasing fluence, 1925
present time, 1938) to 1938

Coefficient of Permeability

Most attempts to solve the depth and spacing problem by mathem-

atical fornilae have made use of a coefficient of permeability while
2,23

other equations have been based on moisture equivalent, which is

a function of permeability. The former drainability factor varies with

23 Moisture equivalent is the amount of moisture remaining in capillary
pores of soil after centrifuging a saturated sample in perforated
cups at a speed equivalent to a force 1000 times that of gravity.



Soil

Clay
Clay
Clay
Clay
Clay

Hardpan

Clay loam
Clay loam
Clay loam

Peat topsoil
Medium sand
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the moisture content of the soil, but is not a simple relationship,
although it does diminish rapidly with moisture content.® Don Xirchem
refers to this constant as governing the rate of flow through the :oil.ls
Its determination for avplication to drainage design requires measure-
ment of permeability of disturbed soll samples and measurement and
correlation of permeability of undisturbed samples taken parallel and
normal to bedding planes. Comparisons must be made between laboratory
and field measurements. Also an indirect method of rapidly evaluating
the coefficient so it can de anplied directly to drainage planning must
be'clavelo'ped..1 In drainage work permeability includes rate of infil-

tration as well as percolation below ground surface.
Application of Coefficient of Permeability

The use of a coefficient of permeability has been made by Aron-
ovici and Donnan for design of a sump and observation well system and for
tile spacing. Mole drain spacing may also be computed from the same form-
ula. With the permeability of the aquifer known they have predicted
draw down curves for wells and sumps. Yor sandy loam soil:

8 equal to 4P(b - a)Q
where S equals spacing, P the coefficient of permeability, a and b equal

the limits of the draw down curve (Figure 1), and Q is the amount of water

Tig. (1). ~GROUND SURFAGE
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drained from a soil profile per unit of time.]'

When applying this formula e& strata survey is first made to deter-
mine the extent of the aquifer through which percolation takes place.
With piescmeters the hydraulic gradient of flow is established, includ-
ing pressure and direction of water movement. The plezometers will also
be useful in determining the efficiency of various drainage methods
tried in the f‘uturc.6 The experimental evaluation of P, the coefficient
of permesbility, compl‘etes the data necessary for percolation quantity
computationo.]' Darcy's Law is assumed correct, the hydraunlic potential
in a verticel direction is considered constant, and horizontal is
assumed not to occur in the capillary stratum of sendy soil. Aronovici
and Donnan emphagsige the danger of trying to simplify the solution of

field problems with laboratory proceduro.’
Plezometers and Soil Water Flow

Discussing the piezometers as applied to ground water studies in
relation to drainage, Chri:tianun.? as quoted belew, finds that th§
path of a drop of s0il water and the "shape of the equipotential surfaces
which are eyerywhero normal to the direction of flow will depend to &
very large extent upon how permeability of a soil varies with depth.

Ground water piezometers offer a means of studying the
80il water flow conditions in the field. With piese=~
meters one can determine ground water potential at any
point in the 801l mass. These ground water potentials
are everywhere proportional to hydraulic head or height
to which water will stand in an open manometer tube.

By making simultaneous measurements of hydranlic head at
a mumber of points in the goil mass in the same vertical
plane one can determine the components of the hydraulie
gradient and direction of flow. Plotting the equivnotent-
1al lines on a vertical section the ground water flow
pattern is obtained. It should be recognized that these
equipotential lines are the intersections of the equi-
potential surfaces and an arbltrary vertical plane and
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that unless this vertical plane is selected to coincide

with the direction of flow the hydranlic gradients as

indicated on the flow pattern are not the true gradients

but only the components along this plane.

Thus piezometers are satisfactory for determining general flow
patterns and show promise of being aids to determining the actual soil

permeability.
Other Draw Down Investigations

Sven Nbrling,17 reporting on his depth and spacing experiments
at Albert Lea, Minnesota in 1921-23 feels that the soil survey should
g0 to a depth of seven or eight feet for all drainage work. His project
wag similar to this Seginaw County drainege study with observation wells
spaced between tile lines. Wells were dug six to ten feet deep, lined
with five inch tile, and covered with a wooden block. During the three
seasons of investigation comnlete rainfall records were kept. Accurate
soil profiles were taken between each tile line. On heavier soils deep
drainage was needed to increase percolation, to limit the runoff, and
to protect the lower lands from flooding,

Neal's field studies, similar to this investigation of soilwater
movement as affected by drainage, and Aronovici and Donnan's work show
that flow toward drains occurred only when the hydramlic head was greater
than five feet per 100 feet, varying samewhat with soil and tile upaéing.
Fluctuations in test well level and tile flow were attributed to precip-
itation, tranepiration, evavoration, runoff, and deep seepage. FNeal used
eix foot observation wells of four and five inch tile spaced five and ten

feet apart.16
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Moisture Equivalent and Soil Water Movement

Based on the field work described above and the formmulae of -
Rothe.16 Neal developed equations for rate of water teble decline and

tile depth and spacing. Rothe's equation

E = ll—?-‘ég-a-
w

Yo
based on soil hygroscopicity was not a readily adaptable index for engin-
eers working with farmers. In Rothe's formula

E equals spacing; in meters,

W equals hygroscovicity, and

Ve equals percent of particles less than 0.002 mm.
minimum' dismeter at 1.25 meters.

Instead Neal worked from moisture equivalent, which though not easily
determined in the field, could be related to both soil plasticity and

clay content. He found that the plasticity and clay content of soil

have definite percentages of moisture equivelent when scaled together on
the nomograeph. The percent of clay was determined by the hydrometer.
Algo, Mr. R. L. Patty of South Dakota State College states thet soil drain-
ablility depends largely on perticle size and clay colloid content. A soil
having 35% colloidal clay has average drainage qualities, while, at 45¢

1t has poor drainability.:®

According to Neal the average rate of drop
of ground water midway between tile ig found from the equation

Ry = 0.165 8
vhere Ry is the rate of drop of ground water midway between tile, in feet.
8 1s hydramlic slope. Neal also reports that

Ry = !(T.)°'7

K is a drainage factor depending on #0il and hydramlic slope. It is
measured by moisture equivalent when a definite slope is considered.

T, equals tile spacing in feet.
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Graphs in FNeal's report relate K to lower and upper plastic limit,
moisture equivalent, and clay content. In equation

T4 _ 12000
T Tw ) 1.6 and
(M,

Tq.17.5
4)0:5
e

My is moisture equivalent, and

Tq equals tile depth in feet.

The reasoning behind the above formulae is that the larger the
vores the faster the soil water movement will be; therefore the spacing
and the depth of drain lines is a function of non-capillary porosity.
Pore space is, of course, a function of moisture equivalent; therefore,
Neal says, it is reasonable to expect drain spacing and depth to be dir-
ectly influenced by the moisture equivalent, a factor more easily deter-
mined than pore space. Combining the known or desired values it is
possible to vary drain placement to give different rates of drop of water
table, within the range of 0.2 to 2.0 feet per day.ls Results of the
application of this method can be checked with results from other areas
with accuracy and the method is readily avplicable by field engineers.

Electrical Analyeis in Drainage Studies

The difficulties of mathematical analysis of field drainage prod-
lems are at present unsolvable, according to Mr. E. C. Childs® of the Cam-
bridge University Agricultural Experiment Station, Cambridge, England.
Progress has been made with electrical analozy, since the equation of
ground water flow to parallel drain lines is also the equation of two-
dimensional flow of electricity in a sheet conductor cut to the shape of

the soil cross section. Three sets of experiments are presented by Mr.



Childs. In one he shows how the water table is lowered by increasing
drain diameter, and by decreasing tile spacing. A second investigation
gives the relation of water table height to rate of rainfall. The water
table midway between tile lines is at higher elevations for greater rain-
fall intensities. The third study determines the effect the impermesble
s80il layer below the drains has on tile efficiency. The influence of
the hardpan on drain lines varies with its depth below the lines. It is
ghown that the well known formula giving an elliptical water table sec-
tion is not in agreement with the requirements of the theory of flow
through soil from higher to lower elevation. In later studies of ground
water movement affected by drainsge using eleptrical analogues, Mr.
Childs found that observation wells may cause significant disturbance to
the water table and to soill moisture seepage, particularly at the point
of exemination. He also found that lowering the water level in drains
alters the shape of the water table and lowers its height at the midpoint
by an approximately equal amount, that an open ditch is more efficient
than the same ditch piped and filled in, and that neglecting the cap-
illary fringe causes little error in estimating the position of the water
table. The capillary fringe is the distance above the water table of a

given 80il thet water will move upward by capillary action.5
Summary of Previous Investigations

Depth and spacing research and subsurface drain design require comn-
sideration of several factors. Some of those considered are outlined
below.

1. The texture of the soil is one of the most important factorl.]'7
2. Neither intense nor long-continued rainfall are themselves good in-

deces of needed capacity of a subsurface drainage system.
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3. Heavy subsurface runoff, soon after rainfall, is not always required
but its necessity depends on soil and subsoil texture, previous soil
moisture content, and the season relative to plant growth.

4, Proper determination of the maximum required effectiveness of a tile
system should generally be based on s0il moisture and runoff conditions
present during the early weeks of the growing season.

5. Effectiveness of a tile system as crop protection and growth stim-
ulator is dependent on rate of drop of the watertable at the midpoint
between lines. This rate depends upon texture and moisture condition
of soil when drained and on depth and spacing of tile. Previous dis-
cussion has shown that the rate of drop ef the water table and the depth
and spacing of tile are definite functions of moisture equivalent, plas-
ticity, and clay content of soil considered.

6. Methods of design require checking on different soils under various
climates. Research is needed to determine rate of water table lowering
for other areas.

7. Results of depth and spacing formmlae should be comparable to recom-

mendations of American drainage engineers and 1nre-tigatorl.16






EXPERIMENTAL WORK

The project outlined called for determination of the "gradient of
the water table in a given soil.'zs The central sump, sump pumup, and
radiating observation wells were installed in a typical soil at a suit-
eble location in the area known as the Big Prairie in Saginaw County,
Michigan. Measurements of the water level in the w:olll were made period-
ically while the pump was in operation. From the above mezsurements
it was proposed that proper depth and spacing of tile or moles could be
determined for the particular soil. The bases for the sump and test
well system for water table measurements were the recommendations of
Mr. L. A. Jones, Chief, Division of Drainage and Water Control, Soil Con-
servation Service, Research Division, as outlined by him in late 1945.

80411 Description

On May 13, 1948, the topsoil was found to have 93-112% moisture by
dry weight. The tight yellow clay subsoil also appeared saturated al-
though the moisture content was only 39-38% of dry weight. Results of
the size particle analysis by the Department of Soils, Michigan State
College showed the clay subsoil was 12.7% sand, 21.6% clay, and 65.6%
clay. In the soil profile the clay was located at 15 inches, overlain
by a black, mucklike topsoil, and the change from muck to clay was quite
marked.

The description of Clyde clay loam as given by J. A. Bonoteelz in
the United States Department of Agriculture Department Bulletin $141 and
by the soil survey report of Saginaw County is verified by the experimen-
tal cn.'mdit:.’mom.15 According to these publications Clyde clay loam and

Clyde clay loam, macky phase, were formed through redeposition of fine

25 Appendix, P. 42.
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grained glacisl materials in the beds of extinct glacial lakes and
particularly in depressed areas where natural drainage conditions were
very poor and where partially decommosed organic matter a.cct;mulated
abundantly.s The mucky phase differs from the typical soil in having a
gsurface covering that is as much as 12" in thickness. Where the exper-
iment was located had 15" of muck. This is close enough to specifica-
tions to be included in the Clyde series. As mspped in Saginaw County
the Clydes are restricted to the natural flood plain of the rivers, where
adverse natural drainage and water conditions necessitate large expendi-
tures to reclaim the land for crops. Nearly 90 percent of the total area
of this so0il supported a cover of marsh grass and sedge after it was umn-
covered by glacial lake waters.l5 Where substantial amounts of organic
matter have accumulated the clay loam is classed as mucky phase. Such

a condition is closely related to the typical soil., The topsoil is fri-
eble and eagily worked when not too wet, for such fine textured soil,
Lime Carbonate content is generally between one and two percent. The sub-
soil, a depth of 36 inches, is clay of light gray to yellow mottled coler
with some gravel. It is no exsggeration to add thet it is a dense sticky

material when wet,
Project Construction

Previous to setting up tye project in the field, numbered marker
stakes and db.servation well covers were made. A pump shelter was con-
structed and a battery operated depth measuring device was degigned and
assembled. Tools used at the Prairie Farms are shown in Figure 2. A
tile puller, the second item from the right, was simply a threaded bent
plece of pipe about 4" long that counld be attached to the handle of the

post hole auger, with the bdlade removed. When disassemdling the project






Figure 2. Tools Used For Project Construction
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Figure 3. Observation Well Electrical Depth Measurer
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it was lowered into a:n observation well, hooked under the bottom tile,
and withdrawn with all the tile. o

The depth meamrfng device shown in Figure 3 depended on the electro-
lytic action of the soil water to complete the circuit.: A 2} volt dry
cell gupplied the current to a Model T Ford Spark coil and an electric
fence light. When the measuring rod was lowered into a well the wires
at the lower end of the rod, making contact with the water, completed the
circuit. The light would then be illuminated. A six foot scale attached
to the rod was read directly against the side of the tile nearest the
marker gtake. (An ordinary six foot steel tape was also tried and found
practical for this purpose. As the water level receded, however, it be-
came more and more difficult to see just when the lower end of the tspe
reached the water surface.)

Preliminary work at the Prairie Farms was done during the second
half of April, 1948, just after the fiood waters had receded enough to
leave the land of the project area visible. The poles were erected and
powerlines were strung to the pumpsite (Figure 4). A wooden box open at
both ends was constructed in the 2% x 2% x 5% foot sump to prevent cav-
ing of the sides (Figure 5). The pump shelter (Figure 6) was placed
over this central well and the $ N.P. Flint and Walling sump (Pigure 7),
equipped with an amntomatic float switch, was hung from its roof. Three
sections of hose totaling 150 feet were attached to carry the water away
from the immediate drainsge sone. By having the pump suspended from
the roof of the shelter there was no possibility of it digging itself
into the ground (Figure 5§). The pump was lowered into the sump enough
to reduce sump water level to spproximately five feet bdelow the greund
level. At the same time the twenty-eight test wells were sunk and tile

placed in them up to the ground surface (Figures 7 through 11). Ends
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of each tile were chipped slightly to insure easy flow of water inte
the wells. The topsoil was packed just tightly ehaugh around the tile
to hold them in place.

The depth of the test wells varied from three to five feet. Going
outward from the sump the first three wells were five feet deep, the next
three were four feet, and the last one was three feet in depth. The lines
of wells were run arbditrarily northeast, southeast, northwest, and south-
west from the sump, and were, starting from the samp spaced at 5, 5, 10,
15, 25, 40, and 32 feet apert (Pigures 12 and 13). As the wells were
dug and tiled the.numbered stakes were placed next to them and cover was
placed over each one. Covers later proved to be of no particular value.
Two additional wells were dug and tiled, one at 330' north and one at
330" east of the sump to serve as control wells. It was hoped that these
would ghow a different rate of drainage from thet recorded in the obser-
vetion wells. In both of these outer wells, however, the water level
receded at a rate equal to the drainage in the sump area. A rein guage
set into the ground within the radius of the observation wells (Pigure
4) showed no precipitation during operations.

The levels of the tops of all the wells, except the two at 330 feet,
were taken in relation to a bench mark. Readings of water level in the
observation wells were made at least three times a day from May 14 through
June 3rd, except May 30, when only one measurement was recorded. The
depth roadinga. in inches below the top of the tile, were converted to
feet and tenths and substracted from the elevation of each tile in order

A

to plot the draw down curves.
Draw Down Curve Analysis

Pumping began on May 14, 1948. The draw down curves that resulted






Uncompleted Observation Well

Figure 8.
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Completed Observation Well

Figure 9.
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'l'i.gnro 11. Project Area Looking
Northeast.



risur. 12.

Rain Guage in Observation
Well Area.
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from the readings (Appendix) show the usual trend, though not the smooth
elliptical curves usually shown in texts (Graphs 1 through 5). Within
one hour after pumping began there was rapid drainage close to the sump.
At ten feet from the sump the curve had leveled off. Beyond the .ten foot
well the curve wes practically level even out to the last observation
well. At the end of three weecks of operation similar leveling off was
noticeable (Graphs 1 through 5) although the entire water table had
declined an average of about one and one half feet. This decline was
equal to a little more than ®A" horizon thickness. There was good
drainage at five feet from the sump, a condition which changed rapidly
between zero and ten feet out, giving curves similar to those plotted by
the 8011 Conservation 8ervice at Blacksburg, Virginia.zs The removal of
sump water had a great effect on the water movement at 5, 10, and 20
feet so that the curve to the last point is steep. More exactly it might
be said that in three weeks the water in the surrounding aree had a chance
to percolate downward to replace that removed by the pump. It should
not be inferred that water necessarily flowed along the draw down curves
to the sump., Instead the effect sesmed to be that the hydranlic head
pushes the water down by the shortest, most easily accessidle route. It
is generally stated by experienced investigators that flow is horizon-
tal at the water table to the tile or sump. Percolation flow is consid-
ered as being as vertical as the soil structure will allow, down to the
water ta‘ble.21

Although the original or natural condition of this soil was one of

frequent flooding, high water table, and very poor drainage, about three-

26 Personal Commnication from T. W. Edminster, Project Supervisor (Now-
ember, 1948).
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fourths of its total area has been protected from overflow by the Prairie
Tarms' dikes and drainage fumpo. Most of the area has also been ditched
and sbout one half of it hag been tiled. In gpite of guch drainage
facilities three to five feet of water covered the project site for sev-
eral weeks in March and April, 1948, previous to setting up the sump and
observation well system.

The Farms' drainage ditches were pumped down before the drainage
investigation was set up and again on Sunday, May 23rd. After the gecond
draining, water movement from the land was too slow to fill the drain-
age channels more than half full before the project was terminated on
June 3. |

The first impression gained from a survey of the draw down carves
(Graphs 1 through §) is that the mick topsoil is drained much more rapid-
ly than the tight clay underneath. There is a noticeable decrease in the
rate of goll water movement after the water table is down to one and a
half feet below the surface. The curves are more closely spaced, verti-
Cglly, after May 23rd than up to that time. Drainage at the seme time
tends to be toward the sump only from a distance of 60 feet. ZEarlier the
curve gradient extended downward from 132 and then 100 feet from the
pump. The total drop in water table from May 14 to 31 showed some variance
as seen from the Graphs 1 throngh 4, both from well to well in the same
line, as expected, in addition to the variation between comparable wells
in each of the four lines (Graph 5). A greater total decline in water
level was found in wells #15 to #21 (except #16 and #31) than any of the
others. This row was in the direction of the main drainsge channel and
was on land 0.75 feet above #7, 0.15' above #28, and 0.25 feet below
#14. Moisture along the #15 to $#21 row of wells had further to go to

reach a level with the surrounding area. Then, too the ditch south of
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the project could have some draw down effect at least on the outer two
or three wells. Whet still seems unexplainable is that well #7 drained
to a lower depth than any of the other outer observation wells. It was
out in the field towerd some buildings northwest of the sump, but much
further from the ditches than either #28 or #14. A part of the drain-
age was, of course, due to the natural percolation downward through the
s0il. Possibly the area around #7 had the most pervious subsoil of the
area under inveetigation. This well #7 was in a temporary 40 x 75 foot
ellipse-ehaped puddle of water until seven days after pumping began. The
percolation of water in the 330! weils progressed at a faster rate than
the observation wells during the last week and a half of pumping. The
two 330' ones were not put in until that time. Neal commenting on simi-
lar action on other soils finds that the drop of ground water table due
to deep percolation and transpiration is sometimes greater than move-
ment in tile lines. It is difficult to separate water movements as they

6
all work tixxmltaneo'mly.1
Obgervation Wells between Tile Lines

In an effort to see how this Clyde soil reacts under long time
drainage a line of test wells was also placed at right angles to a five
inch tile line which was at least ten years 0ld (Figure 15). The sump
was dug at the tile line and wellsg similar to those at the main project
were spaced 3, 5, 10, 20, 35, 64, and 100 feet from the tile line.
Water level readings were taken once every other day fzfom May 22 through
May 31, 1948. In graph #6 the draw down curves plotted from the data
show the improvement in drainage with time. The curves have fairly uni-
form slopes unlike those of graphs 1 through 6. This shows that drain-

age in the tiled land has been more rapid than in the surzp and observation



well area.

The soil profile at these tile line observation wells was some-
what different from that in the untiled land. The toovsoil blended into
the substreta. Here the top material was more completely decomposed,
although the top one foot closely resembled the muck of the uncultivated
lend. No crops had recently been tsken from the area in the vicinity of
the sump and test wells. Between the "A® horizon and the clay was 0.8

feet of loamy clay and then the tight pale yellow clay. The water table

at the tile line was four feet below the surface.
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CONCLUSIONS

It is probable that draw down curves of 80il water movement can
bé plotted from the sump and observation well method of investigation.
From thie study it seems clear that a properly plotted draw down curve
will indicate the proper depth and spacing of tile to give the desired
lowering of the water teble midway between the drain lines. The results
of this experiment do not, of course, give a final answer even for Clyde
clay loam. A number of variables have not been considered. Thig is rath-
er a trial of one method which shows possibilities for more complete
study. If such a project were run for a period of years as is being done
at Blacksburg, Virginia and at Clemson, South Carolina accurate depth
and spacing data for tile and moles should result. Allowances should be
mede for a margin of improvement when using the data from this project,
since drainage on tiled land and, on land drained by the sump method
should improve with time. It is known that when tile are still working,
drainage and therefore tilth will contimme to develop even after ten

19

Or more years.

RECOMMENDATIONS

To glve more reliable results several improvements also might be
applied to the method used here, in addition to increasing the time of
operation. The project eould be set up at several points in an area
needing tile. More complete soil tests should be made, particularly as
t6 permeability and to soil profile at each obse;vation well. The Soil
Conservation Service has outlined a standard soil permeability procedure
that could be used.zz More detailed gize particle analyses should be
made. By plotting a detailed soil profile along with the draw down

curves the effect of the profile on drainsge characteristics could be
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studied. Additional equipment that would prove useful includes a water
meter to record total flow from the sump and automatic water level record-
ing guages. The cost of the latter item mekes it impracticsl for a short
time, graduate subject.

‘l’hus results from this or similar investigations could be applied
only to the project area or to land having comparable soil conditioms.
Comparisons should, however, be made with studies from other soil types
in an effort to reach the final objective -- the equation that can be
used for d;témining depth and spacing of tile and mole drains on any
agricultural land.

In conclusion it should be emphasiged that this has been a study
of method as well as an attempt to get closer to solving the problem of

proper depth and spacing of tile and mole drains.



-39 -

BIBLIOGRAPHY

1. Aronovici, V. S. and Donnan, W. W., "Soil Permeability as Criterion

for Drainage Design,® American Geoohysical Union Transac-

tionSQ volo 27' (1946)0
2. Baver, L. D., Soil Physics, John Wiley & Sons, New York, (1940).

3. Bonsteel, J. A., The Clyde Serieg of Soil, U. 8. Department of

Agriculture, Departmental Bulletin $#141, (1914).

4. Childs, E. C., "The Water Table, Equipotentials, and Streamlines in
Drained Land,” 8oil Science, vol. 56, (1943).

5. Childs, E. C., "Water Table in Drained Land," 80il Science, vol. 59,
(1945).

6. Christiansen, J. E. and Pillgubry, A. F., "Installing Ground Water
Piezometers by Jetting for Drainage Investigations,® Agri-

gultural Engineering, vol. 28, (September, 1947).
7. Christiansen, J. E., "Ground Water 8tudies in Relation to Drainage,®

Agricultural Engineering, vol. 24, (October, 1943).

8. Diserens, E., "Means for Determining of Mode of Action of Drainage

Systems,® International Congress of Soil Scientisgts,

Trangactiong, Oxford England, vol. 3, pp. 45-65 (1935).

9. Donnan, W. W., "Model Tests for a Tile Spacing Formula," Soil Science
Society of America, Proceedings, vol. 11 (1946).

10. Gardner, W., "Influence of Soil Characteristics on Drainage and
Irrigation Practices," S0l Science Society of America,
Proceedings, vol. 1,(1936).

11. Hagwell, J. R., "Principles of Tile Drainage," Agricultural Engin-
eering, vol. 21, (August, 1940),



-m-

12, Israelsen, O. W., "Application of Eydrodynemics to Irrigation and
Drainage Problems," (abstract), Azricultural Ensineering,
vol. 8, (November, 1927).

13. Kirkham, Don, "Proposed Method for Field Measurement of Permeability
Below the Water Table," $oil Science Society of America,
Proceedings, vol. 10, pp. 58-68 (1940).

14. Lyon, T. L. and Buckman, H. O., The Nature and Properties of Soi}],
The Macmillan Co., p. 153 (1943).

15. Moon, J. W. and others, Soil Survey of Saginaw County, Michigan,
Bureesu of Chemistry on Soils, U.S.D.A., (1938).

16. Neal, J. H., Proper Spacing and Depth of Tile Determined by Physical
Propertieg, Minnesota Station Technical Bulletin #101, (1934).

17. Norling, Sven A., "Subsoil as a Factor in Drainage Design," Agri-
cultural Engineering, vol. 8, pp. 311-319 (November, 1927).

18, Patty, R. L., "How to Determine the Drainability of Soils,® Agri-
cultursl Engineering, vol. 25, p. 221 (June, 1944).

19. Roe, H. B., ¥"Some Soil Changes Resulting from Drainage," Soil Science
Society of America, Proceedings, vol. 4, p. 402 (1939).

20. Schlick, W. J., Spacing and Depth of Lateralsg in lowa, Engineering
Experiment Station Bulletin $#52, (October 16, 1918).

21, Schlick, W. J., Theory of Underdrainaze, Iowa State Colleze Engineer-
ing Experiment Station Bulletin #50, (September 25, 1918).

22, Uhland, R. E., Soil Permeability, United States Department of Agri-
culture, Soil Conservation Service, Washington, D.C.,

mimeogranhed (October 13, 1948).



APPENDIX



- 42 -

Proposed Drainage Investigations in Saginaw County
Soil Conservation Service
and
Agricultural Engineering Department
Michigan State College

Cooperating

The subjects to be investligated on a cooperative basis are the

following:

I. MOLE DRAINAGE

I1I. DETERMINE GRADIENT OF WATER TABLE IN A GIVEN SOIL AS IT AFFECTS

TILE AND MOLE SPACING.

At some guitable location in the Big Prairie or Little Prairie,
install sump with electric pump and observation wells radiating
out in all directions. Obtaln a site having typical soil and near
source of electric power.

Measure the water level in the observation wells at different
distances from sump when the pump is in operation.

From above measurements, determine proper spacing for tile or

moles in that pasrticular soil,
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