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2.4 AGRICULTURAL DRAINAGE

An agricultural drainage system is a system by which water is drained on or in the
soil to enhance agricultural production of crops. It may involve any combination of
storm water control, erosion control, and water table control.

It shows the field (or internal) and the main (or external) systems. The function of
the field drainage systemis to control the water table, whereas the function of
the main drainage system is to collect, transport, and dispose of the water through an
outfall or outlet.

In some instances one makes an additional distinction between collector and main
drainage systems. Field drainage systems are differentiated in surface and subsurface
field drainage systems.

Sometimes (e.g., in irrigated, submerged rice fields), a form of temporary drainage is
required whereby the drainage system is allowed to function only on certain
occasions (e.g., during the harvest period).

If allowed to function continuously, excessive quantities of water would be lost.
Such a system is therefore called a checked, or controlled, drainage system.

More usually, however, drainage systems are meant to function as regularly as
possible to prevent undue water logging at any given time and it is this regular
drainage systemthat is most often employed. In agricultural literature, this is

sometimes also called a "relief drainage system".

Classifications:

While there are more than two types of drainage systems employed in

agriculture, there are two main types:

(1) Surface drainage and

(2) Sub-surface drainage.
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1. Surface drainage systems:

The regular surface drainage systems, which start functioning as soon as there is
an excess of rainfall or irrigation applied, operate entirely by gravity. They
consist of reshaped or reformed land surfaces and can be divided into:

> Bedded systems, used in flat lands for crops other than rice;

> Graded systems, used in sloping land for crops other than rice.

The bedded and graded systems may have ridges and furrows.

The checked surface drainage systems consist of check gates placed in the
embankments surrounding flat basins, such as those used for rice fields in flat
lands. These fields are usually submerged and only need to be drained on certain
occasions (e.g., at harvest time).

Checked surface drainage systems are also found in terraced lands used for rice.
In literature, not much information can be found on the relations between the
various regular surface field drainage systems, the reduction in the degree of
waterlogging, and the agricultural or environmental effects.

It is therefore difficult to develop sound agricultural criteria for the regular
surface field drainage systems. Most of the known criteria for these systems
concern the efficiency of the techniques of land leveling and earthmoving.
Similarly, agricultural criteria for checked surface drainage systems are not very

well known.

2. Subsurface drainage systems

Like the surface field drainage systems, the subsurface field drainage systems can
also be differentiated in regular systems and checked (controlled) systems.

When the drain discharge takes place entirely by gravity, both types of
subsurface systems have much in common, except that the checked systems have
control gates that can be opened and closed according to need. They can save
much irrigation water. A checked drainage system also reduces the discharge

through the main drainage system, thereby reducing construction costs.
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e When the discharge takes place by pumping, the drainage can be checked simply
by not operating the pumps or by reducing the pumping time. In northwestern
India, this practice has increased the irrigation efficiency and reduced the
quantity of irrigation water needed, and has not led to any undue salinization.

e The subsurface field drainage systems consist of horizontal or slightly sloping
channels made in the soil; they can be open ditches, trenches, filled with
brushwood and a soil cap, filled with stones and a soil cap, buried pipe
drains, tile drains, or mole drains, but they can also consist of a series of wells.

e Modern buried pipe drains often consist of corrugated, flexible, and perforated
plastic (PE or PVC) pipe lines wrapped with an envelope or filter material to
improve the permeability around the pipes and to prevent entry of soil particles,
which is especially important in fine sandy and silt soils. The surround may
consist of synthetic fiber (geotextile).

e The field drains (or laterals) discharge their water into the collector or main
system either by gravity or by pumping.

e The wells (which may be open dug wells or tube wells) have normally to be
pumped, but sometimes they are connected to drains for discharge by gravity.

e Subsurface drainage by wells is often referred to as vertical drainage, and
drainage by channels as horizontal drainage, but it is more clear to speak of "field
drainage by wells" and "field drainage by ditches or pipes" respectively.

e In some instances, subsurface drainage can be achieved simply by breaking up
slowly permeable soil layers by deep plowing (sub-soiling), provided that the
underground has sufficient natural drainage. In other instances, a combination of

sub-soiling and subsurface drains may solve the problem.
Main drainage systems:

e The main drainage systems consist of deep or shallow collectors, and main drains
or disposal drains.
e Deep collector drains are required for subsurface field drainage systems, whereas

shallow collector drains are used for surface field drainage systems, but they can
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also be used for pumped subsurface systems. The deep collectors may consist of
open ditches or buried pipe lines.

The terms deep collectors and shallow collectors refer rather to the depth of the
water level in the collector below the soil surface than to the depth of the bottom
of the collector. The bottom depth is determined both by the depth of the water
level and by the required discharge capacity.

The deep collectors may either discharge their water into deep main drains
(which are drains that do not receive water directly from field drains, but only
from collectors), or their water may be pumped into a disposal drain.

Disposal drains are main drains in which the depth of the water level below the
soil surface is not bound to a minimum, and the water level may even be above
the soil surface, provided that embankments are made to prevent inundation.
Disposal drains can serve both subsurface and surface field drainage systems.
Deep main drains can gradually become disposal drains if they are given a
smaller gradient than the land slope along the drain.

The technical criteria applicable to main drainage systems depend on the

hydrological situation and on the type of system.

Main drainage outlet

The final point of a main drainage system is the gravity outlet structure or

the pumping station.

Applications:

Surface drainage systems are usually applied in relatively flat lands that have
soils with a low or medium infiltration capacity, or in lands with high-intensity
rainfalls that exceed the normal infiltration capacity, so that frequent water
logging occurs on the soil surface.

Subsurface drainage systems are used when the drainage problem is mainly that
of shallow water tables.

When both surface and subsurface waterlogging occur, a combined

surface/subsurface drainage system is required.
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e Sometimes, a subsurface drainage system is installed in soils with a low
infiltration capacity, where a surface drainage problem may improve the soil
structure and the infiltration capacity so greatly that a surface drainage system is
no longer required.

e On the other hand, it can also happen that a surface drainage system diminishes
the recharge of the groundwater to such an extent that the subsurface drainage

problem is considerably reduced or even eliminated.
DOWNSTREAM IMPACTS
Impact on downstream systems:

e The rapid transfer of exceedance flow over the surface can have a significant and
damaging impact on downstream receptor systems.

e The situation is exacerbated when such systems themselves are subjected locally
to the effects of an extreme event at the same time, and this can impose
significant additional liabilities on stakeholders.

e Detailed advice on assessing the impact on downstream systems and developing
mitigation measures is given in the drainage exceedance guidance (C635).
However a few vital points are worth noting.

e |t is important to understand the interaction between the upstream system
conveying the flow, and the downstream receptor system.

e As well as considering the peak rate of runoff and the flood volume, the timing of
the peak relative to that in the receptor system is essential.

e For example, where a small upstream area discharges into a large river system,
the actual impact may be small, not because the rate of exceedance flow is small,
but because the maximum value occurs ahead of the peak in the receiving river.

e It may pass downstream without detriment and in such cases it may be
detrimental to provide storage attenuation if this leads to the peak flows
occurring at around the same time.

e The downstream system can also prevent the exceedance flow from freely

discharging, increasing the risk of upstream flooding. For example, when
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discharging to coastal areas, tide levels may affect the performance of surface
flood pathways. An extreme event coinciding with a high tide may not drain as
effectively as one occurring at the time of a low tide.

e Insuch cases a joint probability analysis may be necessary. Outfalls from surface
flood pathways may require agreements/consents from the owners of receiving
watercourse, riparian owners and/or environmental regulators.

e Early planning of such consents or agreements will greatly assist in land
(re)development.

e Exceedance flows may convey large quantities of sediments, pollutants washed
of surface areas, and other pollutants discharged from wastewater collection

systems.

Irrigation extraction and irrigation development affect downstream river (locally

and globally):

e Reduction in flow - Q = Input — ET (long term equilibrium)
> Any change in ET will decrease Q: shifting blue water (Q) to green water
(ET)
e Flow inversion, timing mismatch between natural high flows and irrigation
demands
> Irrigation demand in summer, flows from Dam
> Natural high flow in winter, stored in Dam
e Salinity, salt balance
» Salt storage = Salt Input — Salt Output.
» To manage salt storage, salt output needs to increase if input
increases with irrigation water: Leaching Fraction
e Other water quality issues:
> Blue Green Algae due to low flows

» Acid sulphate soil exposure

Irrigation and irrigation development will always impact downstream ecosystems and

other users.
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Changes in flow timing, quantity and distribution

Salinity impacts are also unavoidable, simple salt balance

Exacerbated in a high salt environment

Large spaces and low data density makes assessment of impacts difficult

New data and new tools might improve assessing impact

Identification of thresholds is crucial and needs to be more than location or

species specific
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