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Graphical solutions to drainage equations.

Can. Agric.

Multiple correlation graphs for solving Hooghoudt’s drain-spacing equation for homogeneous soil were developed.
Graphs for obtaining Hooghoudt’s equivalent depth of flow below the drains for seven commonly used subsurface
drainpipe diameters were constructed. A new multiple correction graph for determining the required size and maximum
allowable length of drainpipe is presented.

I. INTRODUCTION

Approximately 70 million metres of
subsurface drainpipes are installed in
Canada each year. A large number of
drainage designs must be made to indicate
the placement of these drainpipes. This
paper presents some graphs which can be
used to save calculations and time in sub-
surface drainage design work.

II. OBJECTIVES

The objectives of this research and de-
sign effort were: 1. To prepare multiple
correlation graphs to give the design spac-
ing between subsurface drain laterals, us-
ing as parameters the saturated hydraulic
conductivity of the soil; the allowable
height of the water table above drain
depth; the effective depth of seepage flow
below the drains; and the design drainage
rate, or drainage coefficient. 2. To provide
graphs which give the effective depth of
flow d, below the drainpipes to be used in
the drain-spacing calculations for seven
commonly used pipe diameters. 3. To de-
velop a multiple correlation graph for de-
termining full flow discharge rate,
maximum area drainable and maximum
lengths of laterals for full lateral or col-
lector pipe flow, for commonly used sizes
of clay tiles and plastic drain tubes laid on
a wide range of gradients.

III. MULTIPLE-CORRELATION
GRAPH FOR
DRAIN SPACING

Luthin (1978) states that there are as
many as 160 drainage theories available.
For the half-dozen drainage depth and
spacing equations which are frequently
used, the difference in spacings calculated
for a particular field is seldom more than
10% of the spacing. Since hydraulic con-
ductivities of the soil may vary more than
30% within the area drained by a particular
pair of laterals, the equations of
Hooghoudt, Guyon, Dumm-Glover, Don-
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nan and Van Schilfgaarde which are wide-
ly used in North America will all give
drain spacings which are acceptably close
to each other for the hydraulic conductiv-
ity conditions of a particular field.

In this paper, a simple graphical solu-
tion for Hooghoudt’s drain-spacing
formula for homogeneous soil is pres-
ented. It provides a way to obtain the drain
spacing between laterals from a given set
of design parameters such as drainage
coefficient, equivalent depth, hydraulic
conductivity, drain depth and the water
table height above drains at mid-spacing
between drains.

The development of Hooghoudt’s equa-
tion is given by Luthin (1978). It is based
on steady state seepage through saturated
soil to either drainpipes or ditches. The
concept of a calculated equivalent depth,
or effective depth, of flow through the soil
below the drains has been used to
accommodate the difference in drainage
rates due to (a) the relative concentration
of stream lines near the drains for different
diameters of drainpipes or different sizes
of ditches, and (b) the effect of different
depths below the drain to an impermeable
layer.

Hooghoudt’s equation for
homogeneous soil can be expressed as:

§? = 4KQ2d.h + h*)IR (1)

and for a two layered soil as

S? = (8Kud.h + 4K.h*)R (2)

Figure | defines the symbols used in above
equations.

Interpretation and Discussion of the
Variables in Hooghoudt’s Equation
There are five variables in Hooghoudt’s
equation, namely R, K, d., h and S.
(1) R is the drainage coefficient or de-
sign drainage rate, in metres per day. It has
long been selected from traditionally ac-

NO. 2, WINTER 1981

cepted tables such as given by Schwab et
al. (1966). :

Chieng et al. (1978) have made steps
toward the goal of relating design drainage
rate to climatic regime of a region. They
developed a hydrologic-drainage compu-
ter model based on the water balance con-
cept to determine the drainage rate needed
for certain soil and climatic parameters.
The model has been verified by using wa-
ter table depth observations by Chieng et
al. (1978), Bhattacharya (1978), Holsam-
bre and Sinai (1979, pers. commun.) and
Asselin (1980). Good agreements between
observed and calculated water table posi-
tions were reported.

Table I shows some of the results gener-
ated by this model using weather data for
St. Hyacinthe, Québec. Results for other
sets of soil, climate, and drainage para-
meters could be obtained by running the
model with inputs from the locality of in-
terest. From these computer outputs, des-
igners could select drainage rates to suit
particular crop and climatic conditions.

(2) K is the saturated hydraulic conduc-
tivity of the soil in metres per day.
Hydraulic conductivity can be determined
either from soil samples in the laboratory
or from soil bodies in situ. There are at
least five different methods of measuring
or calculating K. The single auger hole
method is extensively used in Québec and
the Netherlands and to a lesser extent in
other areas. It is a method which can be
used to measure K in situ below a water
table. A detailed description of the proce-
dures is given by Van Beers (1970). Some
experiences with the method in eastern
Canada are described by Shady et al.
(1976).

(3) d. is the equivalent depth, or effec-
tive flow depth below the drain, in metres.
(See Section IV for further detail about the
graphs to be used to obtain values of d..)

(4) h is the water table height above the
drain center at mid-spacing, in metres. As
can be seen in Fig. 1, h = DD — DWD
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