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SELECTED ARTICLES

FARM DRAINAGEWAYS AND OUTLETS **

ROPER disposal of surface run-off is a major problem in the develop-
nment of satisfactory farm conservation plans. It is poor planning
to expend funds and effort in securing proper land use with contour
cultivation, conservation rotations, strip cropping or terraces to

conserve the soil on sloping fields, and at the same time to neglect the drainage-
ways which convey concentrated run-off. Ultimate gullying in neglected
dga,ina,gewa,"ys will eventually undermine and destroy the soil conservation
measures on the adjacent slopes as well as any benefits derived from them.
Supporting field examples can be pointed out everywhere. In the South,
where terracing with contour tillage has been widely used for many years,
inadequate .outlets frequently lead to destruction of the terraces and acceler-
ated gullyifig often to such extent that abandonment of entire fields became
necessary. In other sections gullying branching out from unprotected drain-
ageways has destroyed many fields where rotations, contour cultivation, and
strip cropping were practised..

The location of drainageways and outlets also has a marked effect on the
ultimate success of the entire farm conservation plan. Recent field observa-
tions directed attention to farms where complete soil conservation practices
had been installed but the entire plan.-failed to secure whole-hearted support of
the farmer because of improper drainageway locations. Once established, the
relocation of drainageways is usually a costly and discouraging undertaking.
Proper drainageway locations are largely dependent upon the natural drainage
pattern of the area involved. Drainageways located according to property
lines, or for the primary purpose of facilitating conservation measures
previously installed, often lead to costly or inconvenient farming systems.

The necessity of establishing satisfactory run-off disposal plans at the
outset was not generally recognized during the first attempts to develop
complete soil conservation plans for individual farms. The earlier efforts
were concentrated on problems. of proper land use and determination of
practical types of practices to check soil losses on individual fields. It was
not until many of the resulting farm plans had been established that the

1 The term ° drainageways’ refers primarily to channels of surface drainage in the
upper reaches of watersheds or in unit drainage basins. ‘‘ Qutlet  is a more restricted
term and refers only to drainageways that are provided to receive and convey the
discharge from the ends of terraces.

* By C. L. Hamilton, Agricultural Engineer, Soil Conservation Service, Washington
D.C., U. 8. A, in Soil Conservation, Vol. IV., No. 7, January, 1939, page 156.
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importance of over-all run-off disposal plans were fully realized. The
installation of many of the plans proved to be uneconomical, while others
required costly readjustments before satisfactory results could be obtained.
The most disappointing experience resulted from improper location of many
of the initial drainageways ; their relocation, to facilitate the establishment
of subsequent conservation measures on adjacent fields or farms, required
extensive readjustments and expense. Even to-day some engineers and
conservationists do not fully appreciate the necessity of developing adequate
run-off disposal plans at the outset.

Planning Run-off Disposal Systems : There are two distinct phases in
planning farm run-off disposal systems. The initial or general planning
involves the selection of the number, type, and location of required
drainageways, and of the installation procedure for each. The secondary or
detailed planning involves the determination of capacity, design, and
construction or establishment details. The former phase should be included
in the development of initial farm conservation plans and the following
discussion will be limited to this aspect of run-off disposal planning.

The first step in planning a farm run-off disposal system is to make a
physical inspection of the farm and the adjacent areas. The main drainage
features such as draws, ridges, and slopes should be noted. Their location
and condition are of particular importance. Field and property lines, roads,
buildings, fences, &c., while of lesser importance, should also be noted. This
preliminary inspection will reveal the general drainage characteristics of the
area and enable a tentative selection of at least the main depressions that
should be reserved for permanent drainageways. The number of lateral
drainageways required will depend not only on the topographical features
but also on the soil conservation practices to be used. For example, where
run-off interception is to be provided by the use of terraces or diversion ditches,
the retention of some of the minor depressions as permanent drainageways
can often be avoided. On areas where no run-off diversion measures are
used, all lateral depressions that carry any applicable amount of run-off
must be reserved as drainageways. As land use and soil conservation plans
are developed for the area, the field boundaries, fence lines, and meadow or
pasture areas can often be adjusted so as to make it easier to establish and
maintain the selected drainageways.

On areas to be terraced the problem of locating and establishing outlets is
inseparably associated with planning the terrace system. The cost of terrace
construction, and the ultimate success of the terraces, are dependent upon
proper planning of outlets. Conversely, adjustments in the location and in
the direction of the flow of terraces will often greatly facilitate outlet control.
For example, changing the direction of the terrace grade near the centre of a
terrace, or running the grade of alternate terraces in opposite directions, will
diminish the concentration of run-off and often make it possible to distribute
the run-off from a terraced field over native cover on adjoining areas. Where
special outlet strips or channels are required, it is often more satisfactory to
drain terraces toward the outlet channels from both sides so that each outlet
channel will serve a larger area, thus reducing the number required.
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It has been found necessary to plan surface drainage systems according to
natural drainage units. A drainage unit comprises a natural depression or
drainageway together with the land that drains toward it. This means
that the initial surface drainage plans for all fields or farms within the
drainage unit should be developed concurrently, irrespective of boundary
lines. Plans should provide for continuous conveyance of the run-off and
economical development of the drainageway from field to field and from
farm to farm until a stabilized water-course is reached. With a properly
planned procedure that is in harmony with the natural drainage pattern,
drainageways can usually be systematically established, if necessary, by field
or farm increments so that each part can be fitted together without difficulty
or expense when the final conservation job is completed for the entire drainage
unit. In some areas the most effective field application of this plan may even
involve the co-operative development and maintenance of certain drainage-
ways by two or more land owners. Recent experience has shown that
co-operation between landowners and highway officials, in the subsequent
development of dual-purpose drainageways that carry run-off from the
highway right-of-way as well as from the adjacent farm land is often
advantageous.

Classification of Drainageways and Outlets.

Natural Constructed
Drainageways
Vegetated U?a‘;zgde' Vegetated | Mechanical |Miscellaneous.
Draws (unterraced areas)Grassed ! |Rock Meadow  |Drop check |Combination
strip
'Wooded Pasture Lined 2 Unlined
strip
Individual terrace out-JGrassed Rock slopelGrassed Drop check |Absorptive
let slope * slope !
(Wooded ' Wooded Lined 2 Accumulative
slope slope
Collective terrace out-{Grassed! |Rock Meadow or|Drop check |Combination
let ! pasture :
strip
(Wooded Field or|Lined 2 Unlined
roadside .
channel
|

1 Often referred to as meadow or pasture depending upon how the forage is utilized.
2 Discharge velocities are usually higher in lined channels and the channels are some-
times referred to as high velocity.

Selection of Type : Natural drainageways that are still protected by native
vegetation should always be given first consideration. They should be
protected and utilized to the fullest extent possible because it is usually
difficult to.re-establish or duplicate these original drainageways and, at best,-
" it is frequently a -costly procedure. Natural drainageways that have been
only partially damaged by overgrazing, or by the development of a few breaks.
in the original cover, can usually be repaired or restored. The sooner this
is done the more successful it will be and the smaller will be the expenditure
of labour and materials required.

¢
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Since much of the native covering has been ploughed up or destroyed and
so many drainageways have been severely damaged by gullying, it is necessary
to establish many new ones or rebuild old ones. In the re-establishment of
these drainageways the results are usually most satisfactory where the natural
features are reproduced as nearly as possible. There are some areas, however,
where the soil and climatic conditions or artificial conditions introduced with
agricultural practices may justify or even necessitate some modification of
- nature’s procedure. It must be recognized that problems of drainageway
development are neither equal in importance nor uniform in character in the
various climatic, geographic, soil, and type-of-farming regions.

Due to the diversity of conditions encountered, it is obviously impossible
to select a standard method of drainageway protection and attempt to apply it
universally. The only satisfactory procedure is to determine in what order
the various types of drainageways should be considered and what form of
each type is best adapted locally and can be economically established and
maintained. From the standpoints of economy and practicability, including
ease of establishment, the various types of drainageways should be considered
in the following order :

(1) Vegetated individual outlets (terraced areas only).
2. Meadow or pasture strips.

3. Vegetated channels.

4. Mechanical protection.

In field practice the natural conditions encountered will often prohibit
the use of certain types, but the types should usually be given consideration
in the order named and no method should be discarded as impractical until
thorough investigation has proved it to be so.

Pretreatment of Drainageways and Outlets : In most areas it has been found
not only hazardous but also expensive to attempt to establish grassed
drainageways or outlets at the same time that they are being used for the
disposal of run-off. This is particularly true on areas where terraces con-
centrate additional run-off in the drainageways. Newly prepared seedbeds,
seeds, fertilizers, and young plants offer little resistance to erosion and
are frequently washed out unless special precautions are followed. Solid
or strip sodding, when properly anchored, will sometimes carry run-off
without harmful results immediately after it has been placed. This, however,
is a relatively costly method of establishing vegetated drainageways, and the
expense retards extensive use of vegetal protection. It is sometimes even
difficult to anchor newly placed sod in certain channels in such a way that it
will not be damaged by heavy run-off. Damage from run-off is more acute
in the establishment of vegetation in outlet channels than in wide grassed
drainageways because of the higher velocities produced in the smaller channels.
There are several possible methods that can be used to save expense, eliminate
the run-off hazards, and make the development of seeded drainageways more
dependable and practical.

On areas to be terraced one of the most promising plans is the establishment
of outlets before the terraces are constructed. A few years ago a general
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feeling prevailed that the application of this practice would prove impractical
under field conditions. Recent observations and field tests, however, have
shown that the establishment of outlets in advance of terracing can, with
proper planning, not only be practical but distinctly advantageous in many
areas and that it should be given first consideration in the development of
any extensive terracing program. As a result of this practice, some Soil
Conservation Service project engineers report that C. C. C. camps have been
able to accomplish approximately five times as much outlet work as otherwise.
They have also been able to establish economical outlet protection where
other methods have proved too costly, and the greater accomplishments have
resulted in extending the work to many more farms.

The success of this method has been made possible by the complete farm
run-off disposal plans which include the number, location, type, and order of
drainageway development as a definite part of preliminary farm conservation
planning. The location of all terraces to be used, and their direction of
drainage, are also specified in the run-off disposal plans. Where this practice
is not followed, it is difficult effectively to establish outlets in advance of
terrace construction. It is important that the outlets be located and
constructed so as to facilitate later terrace construction. Otherwise, they
cannot be efficiently used when the final conservation measures are installed
and they will represent wasted efforts and expenditures.

For the most effective use of pre-established outlets, the order of terrace
construction is largely determined by the order in which established outlets
can be made available. Terrace construction is arranged so that the areas
for which natural outlets are available, or for which outlet channels require
solid sodding or mechanical protection, can be terraced the first year while the
vegetation is becoming established in other outlets. Outlets must be
established as early as possible in order that the final terrace construction
work will not be delayed. The change from the common practice of treating
outlets following terracing to the new practice of establishing outlets in advance
of terracing will involve a transition period in any terracing program. During
this period it may be advisable to establish part of the outlets after terracing
so that the terrace construction work may be continued without undue
interruption. The length of the transition period will largely depend upon
the additional effort directed to outlet construction or the rate at which outlet
construction can be temporarily accelerated. The normal rate of outlet
construction can be resumed once the outlets are well in advance of terrace
construction. The shorter the transition period can be made, the sooner
the full benefits of pre-established outlets can be achieved.

Where grassed drainageways are to be established by seeding on unterraced
areas or on terraced areas where established outlets are not available, the use
of some form of temporary run-off protection is often advantageous. Even
with pre-establishment of outlets on areas to be terraced it is often necessary
to provide some additional run-off protection during the period in which the
grasses are becoming established. In the South where Bermuda grass is
commonly used for drainageway protection, the problem seems to be some-
what less acute. Here the Bermuda grass is usually established from
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rootstalks and stolons by spot, spring, or broadcast sodding. During the
initial stages, however, even this procedure is often benefited by some form
of temporary run-off protection.

The practice of diverting the run-off, by means of temporary dikes or
ditches, until the vegetation becomes established in the permanent drainage-
way is often used. The use of a quick-growing annual crop, to stabilize the
drainageway before seeding the grasses, is sometimes advisable. Small
grains or Sudan grass, domestic ryegrass and similar crops may be seeded
in the spring to hold the soil effectively and produce a residue in which to
seed the grasses the following fall. Nurse crops may also be seeded with the
grasses to afford quick protection, but care must be exercised not to seed
too lavishly. Where practical, such run-off retention measures as contour
ridging, furrowing, listing, and subsoiling on the contributing watershed,
may sufficiently reduce the run-off temporarily to assure satisfactory estab-
lishment of drainageway vegetation. On some areas where pre-established
outlets were not available, it has been found that subsoiling only the terrace
channels and outlets, to a depth of about 18 inches, reduced the run-off
sufficiently during the following year to permit the establishment of satisfactory
vegetal protection in the outlets.

Providing new grass seedings with some form of surface protection has
also facilitated the establishment of drainageway vegetation in some sections.
Surface mulching not only protects newly prepared seedbeds, seed, and small
plants from run-off and bard rains, but it conserves moisture and produces
a surface condition that encourages the germination and growth of small
grass seeds. The mulch can be produced by properly anchoring a thin but
continuous layer of straw, corn fodder, old hay, or fine brush over the entire
seeded area. Loosely woven burlap tightly drawn and staked to hold it in
place, provides good surface protection. While this treatment is more
-expensive, it may frequently be used advantageously on small areas or at
vulnerable points in larger areas. Regardless of which method of run-off
protection is used, it is essential that adequate seedbed tilth and fertilization
be provided, and that suitable seeding rates and mixtures be used for satis-
factory results. Even with run-off protection, it cannot be expected that

grasses and legumes will thrive well where topsoil and necessary fertility are
lacking.



